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The  ovitstanding  feature  of  the  year 

1916    as    compared    with    the    pre- 
Developments  .    ^,  1    ui      1 

vious  one  is  the  remarkable  change  m 

oi  1916  (.j^g  operating  conditions  of  both  the 

pubHc  service  corporations  and  the  electrical  manufac- 
turing concerns.  During  191 5  a  wave  of  economy  and 
retrenchment  swept  over  the  entire  central  station  in- 
dustry ;  while  the  past  year  has  witnessed  such  tre- 
mendous increases  in  loads  that  even  some  of  the  very 
large  power  companies  were  unable  to  furnish  service 
when  requested,  and  in  a  few  cases  it  became  necessary 
for  industrial  establishments  to  arrange  for  their  own 
supplementary  power  supply.  An  interesting  result  of 
this  condition  was  the  case  of  two  large  power  companies 
covering  adjoining  territories  whose  peak  loads  came  at 
different  times  of  the  day  and  who  arranged  for  an 
interchange  of  power.  In  this  way  each  company  was 
enabled  to  take  on  about  10  000  horse-power  additional 
that  would  have  been  impossible  if  each  distribution  sys- 
tem had  been  operated  separately. 

Last  year  the  largest  turbogenerator  unit  was  one 
having  a  rating  of  47  000  k.v.a.,  which  had  been  ordered 
by  the  Duquesne  Light  Company  of  Pittsburgh.  Prog- 
ress in  this  branch  of  the  industry  continues  very  actively 
and  the  same  company  is  now  in  the  market  for  a  unit 
rated  at  70  800  k.v.a  The  Interborough  Rapid  Transit 
Company,  of  New  York,  have  also  ordered  a  60  000- 
70  000  k.v.a.  unit.  These  extremely  rapid  increases  have 
been  accompanied  by  corresponding  developments  in 
condensers,  boilers  and  furnaces,  and  enormous  econo- 
mies are  being  secured  by  the  use  of  these  immense 
units.  For  instance,  in  1900  a  number  of  5000  kw  units 
installed  in  New  York  cost  over  forty  dollars  per  kilo- 
watt, whereas  units  of  30000  kw  and  over  have  recentlv 
been  installed  for  nine  dollars  per  kilowatt,  including 
condensers.  In  addition  to  the  reduction  in  investment 
cost,  it  has  been  found  possible  in  a  number  of  cases  to 
install  these  large  units  in  the  same  space  occupied  by 
older  and  smaller  capacity  outfits,  and  in  some  cases  no 
increase  was  necessary  in  boiler  space,  by  reason  of 
the  greatly  improved  methods  of  steain  generation  now 
m  use.  Economies  have  been  increased  from  three 
pounds  of  coal  per  kilowatt-hour  for  some  of  the  early 
machines  to  one  and  one-half  pounds  per  kilowatt-hour 
for  the  modern  turbines.  These  facts  readily  explain 
vi'hy  the  larger  power  companies  cannot  afford  to  con- 
tmue  running  some  of  their  older  apparatus. 

In  small  turbogenerator  units  there  have  also  been 
marked  improvements  due  to  th''!  developments  in  reduc- 
tion gearing,  which  make  possible  the  operation  of  both 
the  turbine  and  generator  at  ve-y  much  more  suitable 


speeds,  with  resultant  increase  in  economies.  The  small 
high-speed,  direct-connected  sets  have  apparently  been 
practically   discontinued. 

Another  improvement  in  power  plant  operation  has 
been  the  use  of  oil  pressure  systems  for  use  in  starting 
large  synchronous  motors.  By  this  scheme  oil  is  forced 
into  the  bearings  at  starting,  so  that  heavy  machines  may 
be  started  with  much  smaller  currents  than  heretofore. 
As  these  heavy  currents  have  formed  one  of  the  difficul- 
ties in  connection  with  the  operation  of  such  machines, 
this  new  method  is  of  more  importance  than  the  meic 
statement  of  fact  might  indicate. 

In  the  transformer  field  the  year  has  been  marked 
by  a  decided  increase  in  number  of  units,  rather  than  of 
startling  increases  in  capacity  or  voltage.  The  largest 
single-phase  transformers  of  the  year  were  rated  at 
14000  k.v.a.,  150  000/13  200  volts.  In  the  three-phase 
type  the  record  seems  to  stand  at  16  000  k.v.a.  at  102  000 
volts.  The  use  of  outdoor  substations,  including  trans- 
formers, switching  apparatus,  meters,  etc.,  seems  to  be 
growing  in  favor. 

In  the  steel  industry  practically  all  plants  have  been 
working  to  capacity  for  months.  An  indication  of  the 
enormous  tonnage  produced  is  given  by  the  record  of 
approximately  65000000  tons  of  ore  shipped  on  the 
Great  Lakes,  which  is  50  percent  greater  than  the  record 
for  1915.  Steam  drive  in  steel  mills  is  becoming  the 
exception  rather  than  the  rule  ;  over  three-fourths  of  the 
mills  which  contracted  for  equipment  during  1916  were 
for  electric  drive.  On  main  roll  drive  there  was  an  in- 
crease last  year  of  approximately  200  000  horse-power. 
This  involves,  of  course,  corresponding  increases  for 
auxiliary  motor  drives  of  various  kinds.  One  of  the 
large  installations  was  that  at  the  Gary  works  of  the 
Illinois  Steel  Company  of  a  7000  horse-power,  25  cycle 
motor  for  driving  a  166  inch  plate  mill.  Electric  motors 
are  also  rapidly  coming  into  use  for  reversing  mills ;— a 
number  of  equipments  have  been  ordered  for  maximum 
ratings  of  15  000  to  18  000  horse-power.  Practically  all 
new  mills  are  being  designed  for  electrical  operation  and 
old  mills  are  being  changed  over  as  opportunity  offers. 
The  use  of  central  station  power  is  becoming  much  more 
common  in  steel  mills  than  heretofore. 

One  of  the  promising  fields  for  electric  service  is  in 
connection  with  electric  furnaces  and  industrial  heating. 
During  the  past  year  the  number  of  electric  furnaces 
ordered  was  more  than  double  the  number  of  units  in 
operation  prior  to  January,  1916.  Especial  activity  has 
been  in  evidence  in  electric  furnace  work  in  connection 
with  the  production  of  ferro-silicon,  ferro-manganese 
and  various  other  alloys.    In  the  industrial  field  the  elec- 
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trie  enameling  oven  has  been  installed  in  a  number  of 
plants,  especially  in  the  automobile  field,  with  very  grati- 
fying results.  It  is  evident  that  there  is  a  great  future 
for  the  power  companies  in  such  installations,  a  field 
which  heretofore  has  hardly  been  touched. 

Electrical  applications  on  shipboard  have  also  at- 
tracted marked  attention.  Steam  turbines  of  15000 
horse-power  or  more  are  now  being  built  for  ship  pro- 
pulsion work.  The  all-electric  drive,  which  includes  not 
only  the  main  propeller  drive,  but  also  the  various  aux- 
iliaries, is  receiving  especial  attention.  The  most  notable 
case  is  that  of  the  U.  S.  super-dreadnought  Tennessee, 
which  is  to  have  a  displacement  of  approximately  32  600 
tons  and  a  speed  of  21  knots  an  hour.  Each  of  the  four 
propellers  will  be  driven  by  a  6700  horse-power  motor. 
Power  is  to  be  supplied  by  two  turbine-driven  gener- 
ators, developing  over  33  000  horse-power.  This  ar- 
rangement makes  it  possible  to  place  the  generating 
equipment  at  any  convenient  location,  without  reference 
to  the  propellers.  As  the  motors  will  be  of  the  induc- 
tion-motor type,  there  will  be  no  commutators  to  require 
attention.  The  control  manipulation  will  also  be  very 
much  improved  over  that  used  in  steam-driven  vessels. 
The  use  of  all-electric  service  is  a  radical  change  in 
marine  practice  and  it  will  doubtless  take  some  time  to 
prove  that  electrical  operation  is  more  economical  and 
safe,  as  well  as  having  numerous  incidental  advantages. 
The  beginning  has  been  made,  however,  so  that  there 
would  seem  to  be  a  big  field  for  electrically-trained  men 
in  this  work. 

Last  year  in  reviewing  railway  development  mention 
was  made  of  both  the  Norfolk  &  Western  electrification 
and  the  Philadelphia-Paoli  development  of  the  Pennsyl- 
vania Railroad.  Both  of  these  installations  have  been  in 
successful  operation  throughout  the  year,  and  an  exten- 
sion of  the  Pennsylvania  electrification  to  include  the 
Chestnut  Hill  line  is  now  under  way.  Another  of  the 
events  of  the  year  was  the  placing  in  operation  of  the 
electrified  section  of  the  Chicago,  Milwaukee  &  St.  Paul 
Railroad.  There  are  a  number  of  other  projects  in  con- 
templation, but  the  actual  development  and  details  must 
be  left  to  a  later  review.  Work  has  been  progressing 
rapidly  on  the  new  system  of  subways  for  New  York 
City,  but  there  is  still  much  work  to  be  done  before  it 
can  be  finally  placed  in  operation. 


_,      .     ,      ...    The  work  of  the  mdustrial  phvsician 
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_  ,  i.>  one  of  the  welfare  activities  which  is 

ysician  sound  from  an  economic,  as  well  as  a 
business,  point  of  view,  and,  furthermore,  it  meets  with 
the  hearty  encouragement  of  the  workers.  Unfortun- 
ately, this  is  not  true  of  all  the  attempts  of  welfare  en- 
thusiasts. 

If  we  reflect  on  our  readiness  to  criticize  our  own 
family  physicians,  whom  we  select  for  ourselves  out  of  a 
large  number  and  for  whose  services  we  pay,  and  then 


remember  that  it  is  a  common  trait  of  the  human  crea- 
ture to  find  fault  with  anything  for  which  he  does  not 
pay  directly,  we  will  realize  that  the  life  of  the  shop 
doctor  is  not  always  serene. 

The  introduction  to  Dr.  Laufi'er's  article  in  this  issue 
brings  out  very  clearly  and  concisely  the  proper  scope 
and  limitations  of  this  work.  If  one  carefully  analyzes 
the  conditions  it  will  be  evident  that  such  medical  and 
surgical  assistance  must  be  limited,  but  it  must  also  be 
realized  that  such  assistance,  limited  though  it  may  be, 
is  of  inestimable  value,  if  properly  accepted  and  care- 
fully followed  up.  It  is  of  great  importance  that  those 
who  accept  such  attention  fully  appreciate  the  fact  that 
the  industrial  physician  does  not  accept  as  his  burden  the 
responsibility  for  maintaining  in  perfect  health  all  those 
to  whom  his  services  are  available.       C.  W.  Johnson 


-,    ,         ^  The  article  by  Mr.  W.  T.  Dempsey  in 
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this  issue,  and  especially  the  lUustra- 

Lighting  tions  which  accompany  this  article,  af- 
ford an  interesting  record  of  advancement  in  street  light- 
ing conditions  in  New  York  City  when  compared  with  an 
article  by  Mr.  C.  F.  Lacombe  on  the  same  general  sub- 
ject in  the  Journal  for  June,  1913.  While  there  is  a 
great  similarity  in  the  photographs  of  the  equipment, 
those  by  Mr.  Lacombe  show  the  arc  lamp  equipment 
prior  to  the  change-over  on  Manhattan  Island,  \vhereas 
those  in  the  present  article  show  the  various  ty])es  of 
poles  with  their  housings  for  Mazda  C  lamps.  The  poles 
are,  of  course,  imchanged,  as  the  considerations  which 
led  to  their  original  selection  are  not  affected  by  the 
change  in  lighting  units.  The  night  scenes  illustrate  the 
results  obtained  from  the  Mazda  lamps  in  similar,  and 
in  some  cases  identical,  locations  with  those  shown 
in  the  previous  article ;  hence  they  afford,  as  far  as 
pictures  can  illustrate  lighting  conditions,  a  direct  com- 
parison of  the  results  obtained  with  the  newer  and  the 
older  units. 

The  gradual  growth  in  the  street  lighting  industry 
may  be  considered  as  typified  in  the  brief  historical  intro- 
duction given  by  Mr.  Dempsey.  The  replacement  of  the 
old  fish-tail  burner  by  the  Welsbach  mantle  left  the  gas 
light  a  serious  competitor  of  the  electric  lamp  in  many 
communities  during  the  days  of  the  enclosed  carbon  arc. 
Both  these  units  are  now  making  way  for  the  Mazda  C 
lamps,  which  are  superior  to  them  in  almost  every  re- 
spect. This  does  not  mean  at  all  that  the  newer  forms 
of  enclosed  flame  carbon  arc  lamps  are  to  be  completely 
replaced  by  the  Mazda  C  lamps,  as  these  have  a  field  of 
usefulness  in  which  they  are  at  least  equal,  if  not  su- 
perior to,  the  incandescent  units.  Nor  is  further  im- 
provement of  the  arc  lamp  considered  at  all  impossible. 
It  does  mean,  however,  that  the  mantle  gas  lamp  and  the 
enclosed  carbon  arc  lamp  are  permanently  out  of  the 
running  as  far  as  street  and  park  lighting  are  concerned. 

Ch.\s.  R.  Riker 


/iClocti'io  Stroot  Mghtiii;^;  la  Novy  York  City 


W.  T.  Dempsev 
ISTew  York  Edison  Company 


THE  cities  of  Boston  and  Baltimore  were  the  first 
to  operate  gas  plants  in  the  United  States ;  New- 
York  was  the  third  city,  and  in  1823  the  first  com- 
pany was  organized  and  began  business,  supplying  gas 
for  commercial  and  street  lighting  purposes.  It  is  some- 
what doubtful  just  where  the  street  gas  lamps  were  lo- 
cated in  New  York  City,  except  that  they  were  some- 
where south  of  Grand  Street.  Ten  years  later,  in  1833, 
another  company  was  organized  to  operate  north  of 
Grand  Street. 


In  1881  the  Brush  Electric  Illuminating  Company 
operated  the  first  arc  lamp  street  lighting  system  in  the 
city,  with  an  installation  of  23  open  series  arc  lamps 
on  Broadway  between  Fourteenth  and  Thirty- fourth 
Streets,  starting  them  for  the  first  time  on  January  15, 
1881.  They  were  operated  without  charge,  as  a  demon- 
stration, until  May  i,  1881,  on  which  date  a  contract  was 
signed  for  six  lamps  in  Madison  Square  and  six  lamps 
in  Union  Square,  said  to  be  placed  on  poles  160  feet  in 
height.     This  method  of  lighting  the  streets   with  arc 
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FIGS.   I,  2  and  3 — TYPICAI,   POST  DESIGNS 

Showing  reverse  scroll  bracket  (Fig.  i),  bishop  crook  (Fig,  2),  and  mast-arm   (Fig.  3)   posts,  all  equipped  with  Mazda  C  lamps. 


In  1859  there  were  13  500  street  lamps  in  service,  all 
burning  gas,  except  a  limited  number  of  oil  lamps.  Sev- 
erUl  other  companies  were  organized  in  various  sections 
of  the  city,  and  in  1873  there  were  18000  gas  street 
lamps  in  service ;  in  1879  the  gas  street  lamps  numbered 
21  000.  In  1877  approximately  2000  naphtha  lamps 
were  placed  in  service,  but  their  use  continued  for  street 
lighting  only  as  long  as  the  gas  was  not  available,  and  in 
1880  they  were  restricted  to  the  lighting  in  parks  and 
parkways.  For  this  latter  type  of  installation  they  were 
the  accepted  type  of  lighting  unit  until  1908,  at  which 
time  their  replacement  by  electric  units  began  and  has 
continued  until  the  present  time,  when  they  are  prac- 
tically all  eliminated. 


*From  a  paper  before  the  New  York  section  of  the  IlUi- 
minating  Engineering  Society. 


lamps  rapidly  found  favor,  and  the  total  installation  in- 
creased to  650  lamps  in  1884,  700  lamps  in  1886  and  1330 
lamps  in  1888.  This  latter  installation  had,  at  this  time, 
displaced  a  total  of  6500  gas  lamps,  but  with  the  growth 
of  the  city  additional  gas  lamps  were  added,  so  that  in 
j88i  the  total  number  of  gas  lamps  was  22800. 

It  was  not  until  1892  that  the  New  York  Edison 
Company,  operating  a  low-tension,  multiple,  three-wire 
system,  entered  the  field  of  street  lighting,  as  it  had  de- 
voted the  first  nine  years  of  its  existence  to  the  develop- 
ment of  commercial  incandescent  lighting.  At  this  time, 
after  considerable  effort  both  in  arc  lamp  and  in  post 
design,  Fifth  Avenue  was  lighted  by  means  of  posts  sup- 
porting two  lamps.  These  posts,  compared  to  those  used 
for  the  support  of  the  series  arc  lamps  of  those  days, 
were  radically  different  in  design,  and  it  may  safely  be 
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said  that  they  constituted  the  first  real  effort  in  America 
toward  artistic  design  in  electric  standards  for  street 
lamps.  They  consisted  of  a  cast-iron  fluted  base  and 
column,  surmounted  by  a  tee  section  of  scrolls,  rosettes 
and  leaves,  comparable  in  general  proportions  and  orna- 
mentation to  the  posts  now  in  use  on  this  avenue.    The 

arc  lamps  were  of  the 
open-arc  t  y  p  e,  con- 
nected two  in  series 
across  120  volts,  con- 
suming approximately 
eight  amperes  and  50 
volts  at  the  arc. 

Following  the  suc- 
cessful lighting  of  thi.- 
most  important  thor- 
oughfare by  means  of 
the  low-tension  con- 
s  t  a  n  t  potential  arc 
lamp,  the  development 
of  low-tension  multi- 
ple arc  lighting  pro- 
c  e  e  d  e  d  vigorously, 
leading  finally  to  the 
enclosed  carbon  arc 
lamp.  The  reliability 
and  beauty  of  these 
lamps  led  to  their 
standardization,  and 
for  many  years  they 
were  used  in  increas- 
ing numbers.  The 
steadiness  of  light,  the 
reliability  of  operation 
and  the  possibility  of  incorporating  this  form  of  har- 
monious design  resulted  in  the  standardization  of  a  post 
equipment  that  was  the  forerunner  of  artistic  street 
fixtures. 

The  detailed  conditions  controlling  the  location  and 
size  of  illuminants  in  the  Borough  of  Manhattan  are 
determined  by  the  engineers  of  the  Department  of  Water 


FIG.  4 — PARK  LIGHTING   UNIT 

Using    100    watt    vacuum    lamps 

mounted  on  posts  10  feet 

above  grade. 


east  and  west  avenues  and  streets,  which  interval  is  ap- 
proximately 260  feet,  with  very  little  variation.  The  de- 
partment engineers,  therefore,  standardized  a  system  for 
lighting,  with  arc  lamps  specified  to  consume  not  less 
than  450  watts  at  the  arc,  whereby  one  such  arc  lamp 
was  placed  at  each  intersection.    In  addition  to  the  north 


I-IG.  O — TOWER  WAGON 

For  renewing  Mazda  lamps  or  trimming  arc  lamps, 
and  south  avenues,  the  use  of  the  enclosed  arc  lamp  was 
extended  to  include  all  of  the  east  and  west  streets  which 
contained  surface  lines,  particularly  in  the  lower  East 
Side.  The  advent  of  the  high-speed  motor  vehicle  in- 
creased traffic  congestion,  and  this  was  an  important 
factor  in  the  growth  of  a  general  demand  for  still  better 
street  lighting,  which  resulted  in  the  arrangement  now 
standardized,  namely,  two  high  candle-power  units  at 
each  street  intersection,  placed  diagonally  opposite  each 
other  at  the  corners. 


Looking   north    from    Twenty-seventh    Street.     Two   400   watt 
Mazda  C  lamps  used  on  each  pole. 

Supply,  Gas  and  Electricity,  who  for  many  years  have 
exercised  jurisdiction  over  all  street  lighting.  In  gen- 
eral, all  important  north  and  south  thoroughfares  above 
Houston  Street  are  intersected  at  equal  intervals  by  the 


FIG.  7 — NIGHT  VIEW  OF  QUEENSBORO  BRIDGE 

Using  300  watt  Mazda  C  lamps. 
In  building  up  the  complete  system  of  street  lighting 
as  now  installed,  a  great  deal  of  study  was  devoted  to 
certain  thoroughfares  where,  for  purely  local  reasons, 
installations  differing  from  the  standard  forms  were 
required.  Examples  of  such  streets  are: — Seventh  Ave- 
nue from  One  Hundred  and  Tenth  Street  to  the  Harlem 
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River,  and  Broadway  north  of  Fifty-ninth  Street,  where 
advantage  was  taken  of  the  center  aisles  to  locate  a  light 
source  in  the  center  of  each  block.  These  central  lamps 
are  supported  on  a  post  of  the  Lyre  design,  while  in 
order  to  clear  the  trees  on  the  curb  line  a  mast  arm  post 
was  designed.  This  latter  design  of  post  is  also  used  on 
wide  thoroughfares,  such  as  Tenth  and  Amsterdam  Ave- 
nues, while  the  now  well-known  Bishop  Crook  design 
is  used  on  many  cross  streets  and  on  many  important 
avenues,  notably  Madison  and  Lexington  Avenues  and 
Central  Park  west.  Within  recent  years  a  new  standard 
"Bracket"  design  post  was  adopted  for  use  on  Seventh 
Avenue  north  of  Forty-first  Street,  the  entire  length  of 
First  Avenue,  Columbus  Avenue,  Second  Avenue  south 
of  Twenty-third  Street,  and  in  many  isolated  locations. 
This  design  is  also  standard  for  use  with  series  400 
candle-power  lamps  in  the  alternating-current  districts. 
In  addition  to  these  standardized  post  designs,  several 
other  special  designs  are  utilized  in  certain  localities 
where  local  conditions  require  special  treatment. 


mounting  height  of  the  300  watt  lamps  is  approximately* 
20  feet  above  grade,  while  the  200  watt  lamps  on  resi- 
dential streets  are  16  feet  6  inches  above  grade.  A  spe- 
cial installation  is  that  on  Park  Avenue  between 
Eightieth  and  Ninety-sixth  Streets,  where  the  100  watt 
lamps  are  14  feet  6  inches  above  grade,  while  the  same 
lamp  in  all  parks  is  ten  feet  above  grade.  All  lamps  of 
200  watts  and  over  are  enclosed  with  diffusing  globes  of 
a  single  glass  mixture  with  less  than  15  percent  absorp- 
tion ;  the  100  watt  lamps  are  equipped  with  clear  globes. 
The  decision  to  utilize  these  particular  sizes  on  the 
classes  of  streets  described  was  arrived  at  after  thorough 
and  exhaustive  tests  had  been  made  to  determine  the 
L'lmps  suitable  for  the  local  conditions.  Great  improve- 
ment was  secured  in  illumination  and  candle-power. 

The  engineers  of  the  Department  of  Water  Supply, 
Gas  and  Electricity  had  limited  their  efforts  toward  im- 
proved street  lighting  to  the  important  streets  or  ave- 
nues, permitting  the  purely  residential  streets  to  retain 
the  Welsbach  mantle  gas  installations,  realizing,  how- 


FiGS.  8  and  9 — night  view  of  Broadway  and  seventh  avenue 
500  watt  Mazda  lamps  used  on  Broadway  and  400  watt  on  Seventh  Avenue. 

Looking  south  from  the  Times 


Looking  north  from  the  Times  Building. 

The  present  street  lighting  of  New  York  in  the  Bor- 
ough of  Manhattan  is  by  means  of  multiple  Mazda  C 
lamps.  For  the  avenues  and  principal  cross  streets  the 
lamps  are  mounted  at  each  street  intersection ;  the  side 
street  lighting  is  accomplished  with  specially  designed 
posts  owned  by  the  city.  The  Mazda  lamps  found 
almost  immediate  favor  with  the  municipal  authorities, 
both  on  account  of  their  high  efficiency  and  their  flexi- 
bility, due  to  the  range  in  candle-power  sizes.  With  their 
installation  it  was  soon  realized  that  they  required  pro- 
tection from  the  elements  and  for  ventilation,  both  of  a 
nature  not  formerly  found  necessary  for  the  vacuum 
lamp.  The  experience  of  those  operating  the  lamps  in 
service  and  that  of  the  manufacturers  of  lamps  and 
lamp  housings  soon  resulted  in  the  production  of  an 
efificient  lighting  fixture. 

In  utilizing  the  varying  sizes  of  multiple  lamps  all 
car  line  streets  or  wide  avenues  are  lighted  by  means  of 
the  400  watt  lamp ;  the  300  watt  lamp  is  used  on  avenues 
where  traffic  is  relatively  light.    Generally  speaking,  the 


ever,  that  there  was  a  marked  difference  in  illumination 
as  compared  to  the  avenues.  The  Mazda  C  lamp  pro- 
vided a  solution  of  this  problem,  which  was  utilized  in 
replacing  the  gas  lamps,  and  after  many  extensive  tests, 
many  of  which  were  conducted  in  the  field,  the  200  watt 
lamp,  supported  on  a  specially  designed  post,  was  stand- 
ardized for  use  in  residential  streets.  However,  there 
are  still  many  conditions  where  special  equipments  have 
been  installed  to  meet  the  local  conditions ;  for  instance, 
beneath  elevated  railway  structures,  as  in  Greenwich, 
Allen  and  Division  Streets ;  in  Park  Avenue  between 
One  Hundred  and  Second  and  One  Hundred  and  Elev- 
enth Streets,  where  the  railroad  viaduct  occupies  the 
center  of  the  roadway ;  and  also  in  streets  where  traffic 
conditions  do  not  permit  post  installation,  or  streets 
where  lack  of  room  on  the  sidewalk  prevents  the  installa- 
tion of  posts. 

In  1908  the  lighting  companies  in  New  York  City 
undertook  the  work  of  electrifying  the  park  lighting. 
After  an  extensive  series  of  tests  the  100  watt  vacuum 
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lamp  was  standardized  for  this  purpose,  and  this  lamp  is 
used  in  Central,  Riverside,  Morningside  and  St.  Nich- 
olas Parks.  On  driveways  the  posts  are  located  ap- 
proximately 80  feet  apart  and  staggered  on  either  side 
of  the  roadway,  while  in  other  localities  they  are  placed 
to  meet  the  local  conditions.    After  thoroua;h  investiga- 


FIG.    10 — MUNICIPAL  BUILDING 

Lighted  by  300  watt  Mazda  C  street  lamps. 

tion  of  the  several  methods  used  in  furnishing  under- 
ground electrical  supply  it  was  finally  decided  to  use  a 
duple.K  and  triplex  steel-banded,  lead-covered,  rubber- 
insulated  cable.  Several  features  in  favor  of  this  cable 
led  to  its  use.  It  was  to  be  used  in  localities  where  it 
could  be  laid  under  grass  plots,  unpaved  or  unsurfaced 
roads,  where  it  would  not  be  subjected  to  undue  mechan- 
ical stresses,  because  the  vehicular  traffic  would  be  light. 
Its  flexibility  permitted  detours  around  obstructions, 
thus  preventing  the  destruction  of  the  roots  of  tree.> 
which  were  encountered.  The  cable  was  placed  about 
12  to  15  inches  below  grade  in  a  trough,  spade  wide, 
thereby  reducing  excavating  to  a  minimum.  All  ends 
were  brought  up  into  the  post,  permitting  convenient 
testing  points,  and  also  facilitating  rapid  installation.  It 
was  used  also  as  submarine  cable  when  taking  the  short- 
est route  across  the  several  park  lakes. 

All  of  the  park  circuits  are  multiple,  the  various  indi- 
vidtial  circuits  being  controlled  at  certain  points.  Cen- 
tral Park  has  an  installation  of  approximately  iioo  post 
lights,  controlled  by  89  master  switching  points,  the  num- 
ber of  lamps  on  a  circuit  varying  between  3  and  75 
in  a  group.  Riverside  Park  and  several  sections  of  the 
drive  are  supplied  and  lighted  in  the  same  manner  with 
a  total  of  288  lamps.  This  type  of  installation  is  also 
used  in  St.  Nicholas  and  :Morningside  Parks,  with  25 
and  86  lamps,  respectively. 

To  illustrate  the  extent  to  which  the  engineers  of  the 
Department  of  Water  Supply,  Gas  and  Electricity  have 
utilized  the  Mazda  C  lamp  in  their  efforts  to  improve 
the  street  lighting  conditions,  the  number  of  lamps  in 
service  in  Greater  New  York  on  January  i.  1916,  is 
given  in  Table  I. 

The  illumination  obtained  from  the  lamps  and  fix- 
tures illustrated  is  excellent.  For  example,  on  Seventh 
Avenue  north  of  One  Hundred  and  Tenth  Street  the 
minimum  intensity  measured  on  a  reference  plane  4  feet 


8  inches  above  grade  is  0.021  foot-candles  ;  the  maximum 
is  0.96  and  the  average  0.135.  The  lamps  are  400  watts, 
22  feet  above  grade  along  the  curb,  while  the  center  lamp 
is  20  feet  above  grade.  On  Madison  .Avenue,  with 
lamps  mounted  18  feet  6  inches  above  grade,  an  intensity 
of  0.015  foot-candles  minimum,  1.04  maximum  and 
an  average  of  0.185  's  obtained  with  400  watt  lamps, 
and  o.oio  minimum,  0.75  maximum  and  an  average  of 

T.\BLE  I— INCANDESCENT  L.\MPS  IN  SERVICE  IN 
GRE.iTEU  NEW  TORK 


Size 

Man- 
hattan 

Bron.\ 

Brook- 
lyn 

Queens 

Rich- 
mond 

Total 

200  watt  C 

300  watt  C 

400  watt  C 

S06  watt  C 

750  watt  C 

too  watt  B 

400  cp  C 

100  cpC 

250  cp  C 

600  cp  C 

2  558 
4  477 

3  531 

69 

34 

2498 

45 

16 
23 

371 

2  388 

8  312 

29 

4 

262 
1746 
1904 

2064 
2563 
364 

"ig 
1814 
IS  177 

'"'si 

71 

4S64 
S09 

2907 

6  246 

5  435 

69 

34 

5  401 

6910 

28417 

S38 

57 

Total 

13  662 

II  l43 

9003 

17  052 

S144 

56014 

0.135  with  300  watt  lamps.  In  the  residence  districts 
equally  good  results  are  secured.  For  example,  on 
Sixty-eighth  Street  between  Central  Park  and  Colum- 
bus Avenue  three  200  watt  lamps  are  mounted  on  posts 
16  feet  6  inches  above  grade.  Measurements  showed  a 
minimum  of  0.0102,  a  maximum  of  0.347  and  an  aver- 
age of  0.068  foot-candles. 

Aside  from  the  simplicity  of  operation  of  the  mul- 
tiple and  series  gas-filled  lamps,  their  particular  sig- 
nificance as  a  factor  in  street  lighting  lies  in  the  fle.xi- 
bility  obtained  from  the  many  available  sizes,  as  com- 
pared with  the  relatively  small  range  of  intensity  ob- 
tained with  carbon  arc  lamps.  With  the  wide  range  of 
candle-powers    available,    the    illuminating    engineer    is 


FIG.    II — SEVKXTH    .WEXUE   .\T    NIGHT 

Looking  nortli  from  One  Hundred  and  Tenth  Street ;  400  watt 
Mazda  C  lamps  are  used. 

able  to  choose  a  light  source  to  meet  any  conditions  en- 
countered, from  the  small  lamp  required  to  mark  the  line 
of  an  infrequently  traveled  country  road,  to  the  largest 
units  used  to  illuminate  congested  city  street  inter- 
sections. 
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Chari.ks  a.  Laukfer,  M.  D. 

Medical  Director,  Relief  Department, 

Westinghouse  Electric  &  Mfg.  Company 


THE  treatment  of  injuries  sttstained  in  the  course  of 
employment  is  the  primary  duty  of  the  industrial 
physician.  Employees  also  stlstain  injuries  on 
their  way  to  work,  in  their  homes,  and  in  their  sports ; 
and  it  becomes  the  duty  of  the  industrial  physician  to 
treat  these  injuries  as  well  as  those  received  on  the  com- 
])any  premises. 

THE  WORK  OF  THE  INDUSTRIAL  PHYSICIAN 

The  scope  of  the  functions  of  the  industrial  physician 
is  extended  to  include  emergency  sickness ;  he  prescribes 
for  minor  .sicknesses  among  employees  who  continue  at 
work,  and  he  gives  first-aid  services  and  advice  to  others 
whose  illnesses  recjuire  that  they  be  sent  home.  The 
works  dispensary  is  thus  a  diagnostic  clearing  house,  as 
patients  are  advised  to  consult  oculists,  dentists  and  vari- 
ous specialists,  or  their  family  doctors,  with  the  thought 
uppermost  of  restoring  them  to  the  ranks  of  industry  as 
soon  as  possible. 

Where  an  employees'  beneficial  association  is  main- 
tained, the  industrial  physician  assists  in  adjusting 
claims,  passes  on  the  validity  of  certificates  from  the  at- 
tending physicians,  and  examines  the  claimants,  con- 
stantly endeavoring  to  protect  the  funds  of  the  beneficial 
association  from  impostors,  yet  attempting  to  see  that 
every  member  entitled  to  disability  benefits  receives  the 
full  amount  due  him. 

Service  as  a  sanitary  inspector — supervision  of  heat, 
light  and  ventilation,  as  affecting  health  and  efficiency — 
occupational  diseases — are  fields  in  which  the  industrial 
physician  has  unsurpassed  facilities  for  observation,  in- 
vestigation and  finally  for  the  suggestion  of  remedial 
measures. 

The  physical  examination  of  applicants  for  employ- 
ment opened  another  broad  field  for  the  industrial  phy- 
sician. A  responsible  position  requires  a  physically 
sound  man  ;  hundreds  of  men  applying  for  work  are 
unfit  for  the  jobs  for  which  they  apply.  It  diminishes 
the  employee's  hazard  to  have  work  for  which  he  is 
fitted ;  it  likewise  decreases  the  employer's  compensation 
liability  to  have  the  right  man  on  the  right  job.  Ele- 
mentary physical  examinations  are  thus  advantageous  to 
employees  and  employers  alike. 

So  many  new  problems  are  raised  in  regard  to  phys- 
ical examinations  that  a  slight  digression  is  perhaps  jus- 
tifiabte.  Scores  of  men  can  be  and  ai-e  refitteci  fdi-  work 
by  surgeons,  oculists,  dentists.  An  applicant  fbr  a  posi- 
tion should  present  a  reasonable  physical  fitness  for  that 
job,  else  accept  one  from  which  his  physical  defect  does 
not  debar  him.    To  restore  those  to  industry  who  wduld 


otherwise  be  unemployed,  to  avoid  misfits  by  assisting 
in  fitting  men  into  their  proper  places,  so  locating  them 
that  their  physical  defects  do  not  incapacitate  them,  is 
the  purpose  of  the  physical  examination.  When  occa- 
sional prospective  employees  are  quarantined  out  of  a 
factory  because  of  some  communicable  disease,  it  is  be- 
cause the  welfare  of  old  employees  has  superior  weight ; 
or  when  employment  is  deferred  because  of  existing 
physical  defects,  pending  their  correction  where  possible, 
the  delay  in  giving  them  employment  is  no  insurmount- 
able obstacle.  The  compensation  law  makes  it  impos- 
sible for  a  man  with  a  blind  eye,  hernia,  an  amputation, 
or  other  physical  defect,  to  sign  a  release,  thereby  relin- 
finisbint!'  the  employer  from  liability  for  physical  defects 


IIG     I — OPER\TIN(_    ROOM    OK    THK    RELIEF    DEPARTMENT 

Having    washstands,    ward    carriage,    instrument   cabinet,    desk 
room  for  five  doctors  and  general  equipment. 

existing  prior  to  employment.  The  present  law  thus  lays 
pn  tmfair  liability  upon  the  employer,  which  in  turn 
makes  it  more  difficult  for  men  with  physical  defects  to 
secure  employment.  The  Army  and  Navy  impose  even 
more  strenuous  restrictions  upon  applicants  entering 
their  service  than  do  the  industries. 

Physical  examinatioiis  are  by  preference  conducted 
prior  to  elliployment,  and  annually  or  seini-aHnually 
thereafter.  Re-examinations  are  impracticable  in  a  large 
industry,  with  a  big  labor  turnover.  Disabled  employees 
can  be  givfen  a  thorough  physical  examination  before 
being  permitted  to  return  to  work ;  many  persons  calling 
voluntarily  for  examination  and  advice  may  be  re-exam- 
ined as  often  as  required ;  othet-s  will  be  referred  to  the 
industrial  physician  by  theit"  foremen  as  in  heed  of  hedlth 
service.  The  dissipation  of  energy  iticiderit  to  r^-exam- 
ining  thousands  of  near  normal  itien  iS  thtis  eliminated, 
and  attention  is  focused  bn  individuals  especially  re- 
cjuiring  attention.  Yet  this  partial  method  of  re-exami- 
nation overlooks  scores  of  patients  with  incipient  dis- 
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eases  and  minor  ailments  that  need  attention.  Unless 
these  examinations  are  conducted  in  a  quiet  room,  free 
from  the  noises  of  the  factory,  the  findings,  especially  of 
heart  and  lung  conditions,  will  be  unreliable. 

The  railroads,  after  years  of  approval,  believe  in  such 
physical  examinations.    W'here  intelligently  inaugurated 


FIG.  2 — ANOTHER  VIEW   OF   OPER.\TINC   ROOM 

Showing  American  battleship-type,  electrically-heated  sterilizt-r  : 
specially  designed  electromagnet  for  withdrawing  pieces 
of  steel ;  washstands ;  towel  cabinet  and  other  ac- 
cessories.    A   footbath   is   located  under  the 
towel  cabinet,  at  the  doctor's  left. 

by  the  industries,  the  physical  examination  of  employees 
has  never  been  abandoned.  These  examinations  require 
eight  minutes  or  more  for  each  applicant.  When  less 
time  is  afiforded  a  physician,  the  results  are  correspond- 
ingly meager  and  unreliable.  The  industrial  physician 
can  occasionally  treat  twenty  patients  per  hour,  but  he 
cannot  satisfactorily  conduct  twenty  physical  examina- 
tions per  hour. 

ADVANTAGES   OF   A   WORKS   DISPENSARY 

The  industrial  physician  has  an  immense  advantage 
in  his  surgical  wOrk;  he  catches  the  eye  injuries,  the 
finger  injuries,  etc.,  at  once,  and  hence  has  better  recov- 
eries. More  than  90  percent  of  the  industrial  accidents, 
if  treated  at  once,  have  no  disability  and  the  employee 
continues  at  work ;  in  some  industries  approximately  99 
percent  of  injuries  have  a  disability  of  less  than  four- 
teen days.  Prompt  service  after  injury  and  daily  re- 
dressings  have  made  this  achievement  possible.  Treat- 
ing the  patient  immediately  greatly  diminishes  the  lia- 
bility to  infection.  To  secure  such  a  result,  our  company 
has  found  it  desirable  to  have  one  or  more  physicians  on 
duty  every  hour  of  the  24,  and  seven  days  a  week. 

The  industrial  physician  likewise  catches  diseases  ii; 
their  incipiency,  hence  diminishes  the  usual  term  of  disa- 
bility by  giving  proper  advice  and  treatment  in  the  initial 
stages  of  their  sicknesses.  Not  every  man  who  feels  out 
of  sorts  needs  to  be  sent  home ;  this  panicky  fear  of  im- 
pending illness  can  sometimes  be  allayed  by  the  indus- 
trial physician,  and  by  administering  the  required  reme- 
dies the  employee  may  be  kept  at  work,  to  the  mutual  ad- 
vantage of  all  concerned. 

The  industrial  physician  has  an  unparalleled  oppor- 
tunity for  teaching  hygiene  to  the  men  in  the  industries 
where  facilities  are  afforded  him,  and  thus  mav  con- 


tribute to  the  continued  maintenance  of  the  good  health, 
happiness  and  efificiency  of  the  workers.  The  health  ser- 
vice of  the  industrial  physician,  when  thus  realized, 
means  more  years  of  service  before  retirement  for  indus- 
trial workers,  less  time  lost  through  disabling  sickness 
and  an  increased  efficiency  during  the  years  of  service. 

EQUIPMENT   OF   A    WORKS   DISPENSARY 

No  elaborate  equipment  is  needed  for  starting  a 
works  dispensary.  The  essential  equipment  is  simple 
and  inexpensive.  What  wotild  be  reasonable  equipment 
tor  a  large  industry,  with  an  established  practice,  draw- 
ing hundreds  of  patients  each  day,  would  be  unreason- 
able for  a  small  industry,  unreasonable  even  for  a  large 
industry  with  smaller  patronage  in  this  department. 

A  surgical  pocket  case  containing  about  twenty  in- 
struments, and  other  articles  such  as  most  every  phy- 
sician carries  in  his  handbag,  will  supply  the  essential 
equipment  for  starting  a  works  dispensary.  Our  relief 
department  has  grown  in  patronage  until  now  approxi- 
mately 450  patients  are  treated,  and  150  applicants  for 
employment  are  examined,  every  day,  in  the  central 
office.  This  does  not  include  the  work  of  five  substa- 
tions, for  which  the  central  office  docs  the  X-ray  work 
and  other  services. 

A  cabinet  with  ten  compartments  makes  it  possible 
for  each  of  our  doctors  to  lock  up  his  personal  assign- 
ment of  instruments  at  the  close  of  his  day's  work.  The 
thirteen  articles  furnished  each  doctor  are: — Bandage 
scissors,  dressing  scissors,  curved  bistuory,  small  scalpel, 
splinter  forceps,  dressing  forceps,  grooved  director,  ther- 
mometer, tape  measure,  stethoscope,  hypodermic  outfit, 
hand  brush  and  nail  file.  A  day  janitor  and  a  night 
janitor  provide  each  doctor  with  desk  supplies  as  fol- 
lows : — Gauze,  bandages,  adhesive,  gasoline,  tr.  iodine 
three  percent,  balsam  of  Peru,  saturated  solution  boric 


FIG.  3 — CORNER  OF  THE  OPERATING  ROOM 

With    special    cabinet    containing    ten    compartments    for    each 

doctor's  personal  assignment  of  instruments.     Desk   for 

two  doctors,  with  standard  supplies  and  equipment. 

acid,  alcohol,  carbolic  acid  for  dipping  instruments,  oint- 
ments, dusting  powders,  eye  water  in  quarter-ounce  bot- 
tles, liniment  in  one-ounce  bottles,  etc.  Four  marble 
shelves,  which  were  found  superior  to  a  medicine  cabinet. 
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contain  the  drugs  we  dispense.  All  the  doctors  have  ac- 
cess to  these  drugs.  Four  or  more  doctors  work  side  by 
side,  each  with  identical  equipment.  Two  outfits,  each 
consisting  of  two  marble  shelves  for  eye  instruments  and 
supplies,  and  an  operating  chair  for  eye  work,  are  located 


FIG.  4 — ANOTHER  CORNER  IN  THE  OPERATING  ROOM 

Showing  the  shelves   for  drugs,  eye-operating  chair  and 
accessory  equipment. 

one  at  each  end  of  the  dispensary  room,  and  afiford  each 
physician  ample  facilties  for  eye  work. 

Surgical  instruments  for  minor  operations  are  kepi 
in  an  instrument  cabinet.  While  minor  operative  casc> 
are  cared  for  at  the  works  dispensary,  major  cases  and 
patients  requiring  hospital  care  are  sent  at  once  to  a  hos- 
pital. Severe  eye  injuries,  about  one  percent  of  the 
total,  are  referred  to  an  oculist. 

The  detailed  selection  of  materials  and  supplies  foi 
any  plant  will  necessarily  vary  with  the  work  to  be  done, 
and  with  the  views  of  the  physicians  in  charge.    Our  in- 


FIG.    5 — PATIENT    IN    EYE-OPERATING    CHAIR 

Doctor   using   the   Berger   loupe,    which    illuminates,    magnifies 

and  affords  binocular  vision  and  leaves  both  hands  free 

to  remove  foreign  bodies  from  the  eye. 

struments,  such  as  knives  and  scissors,  are  ordered  by 
the  dozen,  so  that  we  may  have  a  supply  when  stock  is 
sent  out  for  sharpening  or  renickeling.  The  following 
summary,  evolved  through  our  experience  in  industrial 


practice,  is  suggested  as  reasonable  equipment  for  this 
work : — 

Quarters — Three  rooms  or  more  are  required;  in  a 
very  small  plant,  however,  one  might  suffice — (a)  wait- 
ing room,  (b)  works  dispensary,  (c)  rest  room.  The 
number  of  rooms  must  be  increased  with  the  expan- 
sion and  diversification  of  the  work.  At  its  inception, 
ten  years  ago,  our  relief  department  had  two  rooms. 
We  now  have  ten  and  could  advantageously  use  more 
space. 

Suction  ventilation  is  necessary  for  inside  rooms.  A 
separate  building,  centrally  located,  yet  removed  from 
noises  of  machinery  and  streets,  is  desirable,  as  it  pro- 
vides sunlight,  and  furnishes  natural  ventilation.  In  ad- 
dition to  as  much  daylight  as  possible,  adequate  artificial 
illumination  should  be  installed. 

Phiuibiug — Two  stationary  washstands,  with  hot  and 
cold  water-mi.xer  attachment,  are  indispensable.  We 
started  with  two  washstands,  and  now  have  ten.    .\  foot 


FIG.    6 — SEVENTY-FIVE    KW    SNOOK    X-RAY    MACHINE 

Of  the  enclosed  transformer  type,  with  Kelly-Koett  accessories. 

bath  is  a  necessary  installation.    Toilet  rooms  should  be 
accessible. 

Furniture — Three  or  more  benches  in  the  waiting 
room,  two  beds  or  more  for  retiring  room,  with  pillows, 
pillow  cases,  sheets,  ruliljer  sheeting,  blankets,  etc. 
i roller  chairs,  stretchers  and  blankets  at  central  points 
throughout  the  plant  are  not  regarded  as  part  of  the 
equipment  of  the  relief  department)  one  or  more  double 
flat-top  oak  desks,  with  plate  glass  tops ;  six  or  more 
strong  chairs,  one  or  more  adjustable  operating  chairs 
for  eye  work,  etc.,  one  ward  carriage  (more  mobile  than 
an  operating  table  and  e(|urilly  serviceable  in  an  emer- 
gency hospital),  one  instrument  cabinet,  marble  shelves 
for  glass  stoppered  bottles  (thereby  making  it  possible  to 
dispense  with  medicine  cabinet),  two  or  more  mission 
screens  (white  enamel  equipment  to  be  avoided  when 
possible),  one  small  adjustable  hand-rest  table  with  cen- 
ter drain,  one  or  more  waste  receptacles,  one  or  more 
cuspidors,  one  anaesthetist's  stool,  one  nickel-plated  cop- 
per sterilizer  and  gas  plate  for  same  (an  electric  steril- 
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izer  is  pt-efferable).  The  doctors'  desks,  covered  with 
plate  glass,  economize  space  by  making  it  possible  to  dis- 
t)ense  with  dressing  tables.  We  now  use  thirteen  desks 
in  the  central  station  of  our  relief  department,  including 
the  clerical  force. 

Special  for  Exatninat'wns — Scales,  with  measuring  rod  at- 
tachment ;  Bowie's  stethoscope,  set  eye  cards,  stop  watch  with 
loud  tick,  controlled  by  pressure ;  nasal  speculum,  set  ear 
specula,  cloth  tape  measures,  electric  head  lamp  or  wall  lamp 
with  condenser,  wooden  tongue  depressors.  The  following  arti- 
cles are  desirable,  but  not  essential : — Electric  retinoscope.  blood 
pressure  apparatus,  complete  urine  analysis  outfit,  microscope 
and  accessories.  The  industrial  physician  is  generally  too  busy  to 
conduct  a  clinical  laboratory;  such  occasional  work  is  better  re- 
ferred to  the  laboratory  specialists. 

Surgical  Instruments  and  General  Supplies — Two  electro- 
therms  or  four  hot  water  bottles,  assorted  white  enamel  trays  and 
pus  basins,  white  enamel  wash  basins,  white  enameled  pans  eight 
quarts  for  sterilizing  solutions,  Richter  needle  holder,  assorted 
surgical  needles,  scalpels,  curved  bistuories,  tourniquets,  all 
metal  razor,  razor  strop,  bandage  scissors,  straight  and  curved 
scissors,  eyed  and  blind  probes,  grooved  directors,  eye  spuds 
with  e.xtra  points  for  same,  haemostat  forceps,  splinter  forceps, 
r.ilia  forceps,  tissue  forceps,  dressing  forceps,  Liston  bone- 
cutting  forceps,  eye  speculum,  Berger's  loupe  (Meyrowitz). 
spatula,  assorted  catheters  (approved,  but  in  400000  consecutive 
cases  not  once  required),  drill  holder  and  No.  60  drills  for  same, 
rubber  gloves,  assorted  suture  material,  including  horsehair, 
silkworm  gut.  silk  and  cat  gut  in  tank  packages,  fracture  boxes, 
assorted  splints,  and  lumber  for  same ;  wood  applicators,  tooth- 
picks as  eye  applicators,  operating  gowns,  white  duck  coats, 
medicine  droppers,  glass  funnels,  filter  paper,  hypodermic 
syringes  and  needles,  clinical  thermometers,  white  enamel  oint- 
ment boxes  with  lids,  powder  dusters,  Henry  Troemner  scales. 
emergency  bag.  The  following  we  secure  under  special  con- 
tract : — Red  Cross  gauze  in  five-yard  rolls,  Linton  gauze  band- 
ages, I,  i.s,  2,  3  inch  widths;  2  inch  Z-0  adhesive  on  10  yard 
spools,  cotton  in  half-pound  packages. 

Medical  Supplies — One  and  two  gallon  glass  bottles  for 
stock  solutions,  glass  stoppered  shelf  bottles  for  tablets  and 
standard  solutions,  one-ounce  round  bottles  for  eye  solutions, 
dispensing  bottles, — quarter-ounce  bottles  for  eye  water,  one- 
ounce  bottles  for  chloroform  liniment,  three-ounce  bottles  for 
saturated  solution  boric  acid,  and  other  solutions  for  moist 
dressings. 

Hypodermic  Tablets — Atropin,  strj'chnin,  morphin,  apomor- 
phin. 

Compressed  Tablets  —  Coryza  without  opium,  diarrhoea 
(New  York  Board  of  Health)  formula,  sodium  salicylate, 
migraine,  salol.  Brown  mixture  and  ammonium  chloride,  throat 
mentholated,  compound  cathartic  pills — vegetable,  calomel  and 
sodium  bicarb.,  soda  mints,  etc. 

Liquids — Saturated  solution  magnesium  sulphate,  saturated 
solution  boric  acid,  eye  water  (special  formulaf,  gargle  (special 
formula),  cramp  cure  (special  formula),  ethereal  soap  (special 
formula),  liquor  sedans  (P.  D.  &  Co.),  aromatic  spirit  ammonia, 
elixir  lactated  pepsin,  etc. 

Miscellaneous  —  Gasoline,  tr.  iodine,  turpentine,  kreso, 
Sauibbs'  ether,  chloroform,  bichloride  tablets,  argyrol,  cocam 
crystals,  atropin,  silver  nitrate,  yellow  oxide  of  mercury  oint- 
ment in  collapsible  tubes,  oil  of  cloves,  burnt  alum,  thymol 
iodide,  calomel,  Epsom  salt,  grain  alcohol,  red  color  tablets, 
glycerine,  balsam  of  Peru,  ichthyol  or  pisciol,  scarlet  red  salve, 
unguentine,  antiphlogistine,  20  percent  boric  acid  in  benzoinated 
lard,  Colman's  nmstard,  etc. 

SPECIAL    EQUIPMENT 

High-Power  Electromagnet — No  magnet  on  the  mar- 
ket had  sufficient  drawing  power  to  meet  our  special 
requirements,  such  as  extracting  minute  particles  of 
steel  from  the  fingers  of  workingmen.  Our  engineers 
accordingly  designed,  and  the  company  built  in  this 
plant,  a  more  powerful  magnet.  When  operated  with 
three  kilowatts  of  current,  a  steel  sphere  one-Sixteenth 
inch  iii  diahteter  in  contact  with  the  tip  of  the  mag- 
net exerts  a  maximum  pull  of  200  pounds.  As  t1(ie 
pull  exerted  is  proportional  to  the  mass,  minute  par- 
ticles of  deeply  embedded  steel  are,  nevertheless,  trouble- 


some to  recover.  Larger  particles  of  steel,  though  em- 
bedded ill  the  tissues,  are  easily  located  and  readily 
extracted. 

X-Ray  Oiiifit — A  powerful  75  kilowatt  X-ray  ma- 
chine, which  has  been  added  to  our  equipment  dur- 
ing the  present  year,  is  used  every  day.  The  installa- 
tion has  enabled  us  to  substitute  certainty  for  doubt  in 
the  treatment  of  bone  injuries.  Heretofore  we  relied 
on  a  nearby  hospital  for  X-ray  services.  The  installa- 
tion of  this  superior  equipment  in  our  relief  depart- 
ment is  reflected  in  diminished  periods  of  disability,  and 
in  the  satisfaction  derived  on  the  part  of  both  patients 
and  physicians. 

Electric  Sterilizer  Outfit — We  are  equipped  with  a 
four-unit  outfit,  "American  battleship  type."  Such  peer- 
less equipment  increases  the  confidence  of  the  surgeon. 
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Rest  room  and  operating  room. 
While  the  character  of  the  surgical  work  in  a  works 
dispensary  is  not  absolutely  determined  by  the  facilities 
and  equipment  provided,  yet  the  workman  is  known  by 
his  tools,  and  the  industrial  physician,  of  whom  much  is 
expected,  requires  adequate  equipment  for  his  important 
work. 

DEFINING    "rE.ASONABLE" 

To  standardize  the  equipment  for  works  dispen- 
saries, in  each  group  of  industries,  thereby  defining  the 
elastic  term  "reasonable,"  is  most  difficult.  The  question 
of  equipment  is  being  solved  independently  by  Scdres  of 
industrial  physicians  among  the  numerous  industries 
which  have  already  established,  or  contemplate  estab- 
lishing, works  dispensaries.  What  seems  reasonable  to- 
day miy  be  discarded  or  superseded  by  something  better 
tomorrow. 
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The  great  diversity  of  interpretation  of  the  term 
'"reasonable"  was  particularly  apparent  to  the  writer  of 
this  paper  recently,  when  he  served  as  chairman  of  a 
Committee  for  the  General  Industries  to  suggest  "Rea- 
sonable Equipment  for  a  Works  Dispensary"  under  the 
Compensation  Act  in  Pennsylvania.  Every  physician 
on  the  committee  had  his  own  conception  of  "reason- 
rble."  based  on  his  personal  contact  with  industrial  sur- 


gery and  medicine,  and  suggested  a  somewhat  different 
selection  of  equipment.  It  was  the  consensus  of  opinion 
in  the  committee,  however,  that  the  industrial  physician 
in  charge  in  each  plant  should  have  latitude  in  the  selec- 
tion of  the  required  equipment,  subject  to  the  approval 
of  the  compensation  board,  on  the  grounds  that  what  is 
reasonable  in  one  industry  might  be  excessive  or  inade- 
quate in  another. 
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Chas.  E.  Cole 

Superintendent,  Ohio  &  Western  Pennsylvania  Dock  Company, 

Cleveland,  Ohio 


THE  problem  of  handling  cars  at  plants  where  the 
loading  or  unloading  is  accomplished  with  rapid- 
ity, and  consequently  entails  the  handling  of  a 
great  number  of  cars  in  a  short  space  of  time,  such  as 
prevails  in  the  handling  of  ore  and  coal  on  the  Great 
Lakes,  has  been  successfully  solved  by  two  methods,  one 
of  which  is  "rope 
haulage,"  and  the 
other  by  the  use 
of  electric  locomo- 
tives. 

The  cars  of  ore 
and  coal  at  the 
Lake  Erie  docks 
were  formerly  han- 
(1 1  e  d  entirely  by 
steam  locomotives, 
and  are  today  to  a 
c  o  n  s  i  derable  ex- 
tent. These  cars 
are  handle  d  in 
trains  of  twenty  or 
more  cars  and,  as 
the  individual  cars 
m  u  s  t  be  spottcil 
p  o  .s  i  t  i  vely  at  a 
given  point,  the 
operation  precludes 
the  application  of 
the  air  brake  and, 
as  a  consequence, 
the  steam  locomo- 
tive loses  its  ef- 
ficiency. T  h  e  ca- 
pacity of  the  loading  or  unloading  machinery  is  con- 
tingent upon  the  movement  of  the  cars,  and  efficient 
spotting  is  naturally  essential. 

The  modern  loading  machines  are  electrically  driven, 
and  as  the  cars  pass  directly  under  the  structure  the 
gases  and  smoke  from  the  steam  locomotive  are  not  only 
seriously  detrimental  to  the  electrical  parts,  but  interfere 


riG.    1 — 25    TON    BALDWIN-WESTINGHOUSE    POLING    LOCOMdTIVE 

AdheEive  weight,  50000  pounds.  Each  axle  is  equipped  with  an  independ- 
ently geared  112  horse-power,  250  volt,  384  ampere  motor.  Gauge  of  track,  3 
feet  6.5  inches ;  diameter  of  drive  wheels,  36  inches ;  rigid  wheel  base,  12  feet ; 
length  over  end  frames,  26  feet  8  inches;  width  over  all  (e.xclusive  of  poling 
parts),  5  feet  6.5  inches.  Maximum  momentary  tractive  efifort  with  25  percent 
adhesion,  12  500  pounds ;  tractive  effort  for  one  hour  at  approximately  7.4  miles 
per  hour,  with  250  volts  at  the  motor,  10  800  pounds.  Equipped  with  HL  electro- 
pneumatic  control  and  pneumatically-operated  brake  rigging  with  shoes  on  all 
wheels,  and  also  with  hand  brakes. 


with  the  operator  in  the  discharge  of  his  duties.  Other 
disadvantages  and  expense  are  presented  by  reason  of 
the  fact  that  the  steam  locomotive  operates  on  the  same 
track  with  the  cars. 

Rope  haulage  has  been  in  use  for  a  number  of  years, 
but  was  not  generally  considered  an  entire  success  until 

the  year  191 1,  when 
an  improved  sys- 
tem was  installed 
by  the  Lake  Shore 
&  Michigan  South- 
ern Railway  on  its 
ore  docks  at  Ash- 
tabula H  a  r  b  o  r, 
Ohio.  The  o  r  e  - 
unloading  machin- 
ery on  these  docks 
consists  of  four 
Hulett  solid  -  arm. 
clam  -  shell  buckets 
of  15  tons  capacity 
each,  capable  of 
making  a  round 
trip  per  minute. 
With  the  four  ma- 
chines working  at 
maximum  capacity, 
72  cars  are  loaded 
and  ready  for  road 
movement  in  an 
hour. 

.Seven  steam  lo- 
comotives were  re- 
(|uired  in  this  oper- 
ation prior  to  the  above  installation.  There  are  four 
loading  tracks  beneath  the  unloaders,  or  one  track  for 
each  machine.  A  1.5  inch  steel  cable  is  laid  on  top  of 
the  ground  between  two  of  the  loading  tracks  and  is  held 
in  alignment  by  guide  sheaves  spaced  at  regular  inter- 
vals. This  cable  mOves  at  a  given  speed  of  about  0.6 
miles  per  hour  from  drums  located  in  a  power  house 


THE    ELECTRIC  JOURNAL 


convenient  to  the  stretch  of  loading  tracks.  Grips  with 
a  hook  for  engaging  the  car  are  used  to  transmit  the 
movement  to  the  car.  The  men  operating  these  grips  are 
required  to  let  go  of  the  cable  at  each  guide  sheave  and 
grip  the  cable  again  on  the  other  side.  The  space  in 
which  they  are  required  to  work  must  necessarily  be  a 
narrow  one,  and  the  operation  is  consequently  more  or 
less  dangerous. 

There  is  no  elasticity  to  rope  haulage,  as  all  cars  must 
move  at  the  speed  of  the  cables,  and  the  operators  must 
be  skilled  in  their  manipulation  in  order  to  get  results  in 
proper  spotting.  The  return  of  this  cable  to  the  power 
house  enables  car  movement  to  be  reversed  in  case  a  car 
has  passed  its  point  of  loading.  In  the  four-track  layout 
at  Ashtabula  there  are  two  distinct  cables  used,  each 
serving  two  tracks  and  two  unloaders. 

During  operation  there  is  a  droppage  of  ore  to  the 
dock,  through  which  this  cable  must  run,  increasing  the 
wear  and  enhancing  the  chances  of  breaking  the  cable. 
In  such  an  event  all  four  machines  are  required  to  work 
on  the  two  tracks  until  repair  is  made,  slowing  down  the 
entire  opera  tion 
considerably. 

In  an  endeavor 
to  overcome  some 
of  these  disadvan- 
tages in  providing; 
a  haulage  for  the 
cars  in  connection 
with  the  ore  doci 
of  the  Penns\l 
vania  Company  at 
Cleveland,  the  first 
thought  was  the 
construction  of  a 
narrow-gauge  track 
between  two  loading  tracks,  with  the  cable  running  in  a 
slot  way,  the  grip  being  in  a  suitable  car  to  protect  the 
operator  from  falling  ore  and  weather  conditions.  This 
car  was  to  have  arms  situated  at  a  proper  point  on  each 
side,  controlled  by  air  to  lower  and  raise  arid  thus  en- 
gage the  end  sill  of  the  car. 

Such  an  arrangement,  however,  did  not  seem  to  over- 
come the  main  diiiRculties,  and  the  progression  of 
thought  evolved  the  electric  locomotive,  with  third  rail. 
A  narrow-gauge  track  between  two  loading  tracks,  with 
return  third  rail  covered  by  a  two-board  walk  supported 
on  standards,  gives  a  safe  runway  for  the  locomotives. 
Droppage  of  ore  does  not  crowd  beyond  the  running 
rails  or  interfere  with  the  contact  shoes.  No  labor  is 
required  in  or  about  the  cars,  and  the  operator  conse- 
quently is  not  hampered  in  his  operations.  The  develop- 
ment of  this  thought  was  through  a  committee  of  ex- 
perts, and  the  product  of  their  labors  has  now  been  in 
operation  four  years. 

The  Pennsylvania  Company's  ore  docks  in  Cleveland 
are  equipped  with  four  Hulett  solid-arm  unloaders  of 
the  same  pattern  as  those  located  on  the  Lake  Shore 
docks  at  Ashtabula,  but  of  larger  capacity.    These  ma- 
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\\it!i  iineiimatically-opcrated  poling  device  in  position  for  pushing  car 


chines  have  a  clam-shell  capacity  of  17  tons,  and  con- 
sume from  forty  to  sixty  seconds  on  a  round  trip.  The 
ore  is  hoisted  from  a  vessel  and  deposited  in  a  hopper  of 
75  tons  capacity.  Under  this  hopper  is  located  a  small  car 
on  a  runway  which  covers  the  four  loading  tracks  below. 
This  car  is  equipped  with  a  weighing  hopper  of  fifty 
tons  capacity.  The  operator  draws  the  load  into  this 
hopper  from  the  receiving  hopper  and  weighs  his  load, 
then  runs  his  car  over  any  one  of  the  four  loading  tracks 
on  which  the  railroad  car  is  placed.  This  car  has  been 
carded,  and  as  soon  as  the  load  drops  into  it  and  the 
weight  is  recorded  the  car  is  ready  for  road  movement. 

The  dock  proper  is  900  feet  long  and  the  third-rail 
system  extends  on  the  west  end  in  the  empty  car  yard 
about  500  feet,  and  into  the  loaded  car  yard  on  the  east 
end,  about  150  feet.  Steam  locomotives  place  the  empty 
cars  on  the  four  tracks  to  a  point  where  the  electric  loco- 
motives can  engage  them.  The  loaded  cars  are  shoved 
out  at  the  other  end,  to  where  steam  locomotives  haul  the 
trains  away. 

'{"here  are  three  electric  locomotives  on  this  dock,  but 

only  two  of  them 
are  required  for  the 
work.  The  third  lo- 
comotive is  a  spare. 
it  is  used. to  keep 
the  empty  car  sup- 
|)Iy  shoved  up  to 
the  ])oint  of  load- 
ing but,  as  stated, 
is  not  actually  re- 
quired  in  the 
operation,  as  two 
of  the  electric 
locomotives  will 
keep  the  four  un- 
loaders working  at  their  maximum  capacity. 

Each  electric  locomotive  is  manned  by  an  operator 
and  a  helper,  the  latter  being  of  the  day-labor  class  of 
pay.  The  helper  rides  upon  the  top  of  the  locomotive, 
and  in  this  position  has  a  clear  vision  over  all  the  opera- 
tion and  assists  his  operator  in  the  car  movement.  His 
duties  also  cover  the  coupling  and  uncoupling  of  the 
cars.  The  cars  are  handled  in  strings  of  ten  coupled 
together  in  the  operation  under  the  plant,  but  it  is  fre- 
quently necessary  for  these  locomotives  to  draw  into 
the  clear  as  high  as  35  empty  cars,  and  shove  out  20 
loaded  cars.  The  empty  cars,  as. well  as  the  loaded 
cars,  pass  over  a  curve  of  15  degrees  at  each  end  of  the 
electric  line. 

Two  of  the  best  records  of  unloading  at  this  dock 
were  made  in  July,  191 5,  as  follows: — 

July  2 — Str.  Jas.  A.  Farrell,  II  083  tons,  226  cars  in  3  hrs.  35  min. 
July  23 — Str.  Thos.  F.  Cole,  loSsptons,  220cars  in  3  hrs.  35  min. 
Each  of  these  vessels  spent  three  hours  and  forty 
minutes  at  the  dock  from  the  time  it  tied  up  till  it  cast 
off.  The  electric  locomotives  brought  up  the  empties, 
spotted  them  and  shoved  out  the  loaded  cars — 226  and 
220,  respectively — without  any  assistance. 
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These  locomotives  were  put  into  operation  in  the 
spring  of  1913,  and  the  navigation  season  is  approxi- 
mately eight  months.  In  the  four  seasons  to  date  these 
locomotives  have  handled  322  000  cars  that  were  billed 
out  with  ore,  in  addition  to  a  great  number  of  cars  that 
naturally  pass  through  the  plant  which  cannot  be  loaded, 
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Runs   on   tracks   parallel   to  those  of   the   cars   it  handles   and 

pushes  them  in  either  direction  with  an  arm  which  is  seen 

at  the  side;  this  arm  is  raised  and  lowered  by 

compressed  air  controlled  from  the  cab. 

because  of  bad  condition,  foreign,  etc.,  the  number  of 
which  was  not  kept.  During  this  period  there  has  been 
no  delay  whatever,  due  to  failure  of  the  locomotives,  and 
the  maintenance  has  consisted  only  of  the  usual  over- 
hauling at  the  close  of  each  season.  This  dock  is  in  oper- 
ation 23  hours  per  day  for  six  days  a  week  for  eight 
months. 

The  electric  locomotives  can  bring  35  empty  cars  up 
at  a  speed  of  approximately  ten  miles  per  hour  around 
the  curve,  and  can  attain  the  same  speed  in  pushing  20 
loaded  cars  around  the  curve  at  the  opposite  end.  In 
spotting  cars  they  are  most  efficient.  The  arm  engages 
the  car  at  the  end  sill  and,  with  cars  coupled  together, 
complete  control  is  had  of  the  entire  string.  For  han- 
dling a  single  car  a  cable  with  hook  attachment  is  pro- 
vided. 

The  unloading  machinery  being  overhead,  the  electric 
locomotives  come  into  play  most  advantageously  in  act- 
ing as  a  hoist  for  repair  parts  during  the  closed  season. 

The  operation  of  the  electric  locomotives  in  the  sea- 
son of  navigation  for  one  year  is  given  below.  These 
figures  are  based  upon  the  movement  of  each  loaded  car 
800  feet.  Of  course,  all  cars  are  moved  more  or  less 
beyond  this  figure,  dependent  upon  the  location  of  the 


vessel  at  dock,  and  the  service  of  the  steam  locomotives 
in  placing  empty  cars  and  pulling  away  the  loaded  cars. 
The  number  of  cars  is  the  actual  number  of  cars  billed 
out  with  a  load  and  does  not  account  for  any  unloaded 
cars  which  passed  under  the  machines,  such  cars  being  of 
quite  a  large  number. 

I — Total  number  cars  loaded,  56463. 
2 — Average  load  per  car,  46.5  tons. 
3 — Total  tonnage  placed  in  cars,  2  624  979  tons. 
/Per  car  0.1335   \ 


4-Total  locomotive  cost  (^^^  \^  aoois;) -57538.10. 

Operation, 
Maintenance, 
Insurance, 
Power, 


per  car,  0.0979;  per  ton,  0.0021  —$5528.63 

per  car,  0.0159;  per  ton,  0.00034—    899.59 

per  car,  0.0031 ;  per  ton,  0.00007—     175.16 

per  car,  0.0166;  per  ton,  0.00036 —    934.72 

5 — Average  tonnage  hauled  in  one  day   (20  hrs.),   13  531 
tons. 

6 — .\verage  cars  hauled  in  one  day  (20  hrs.),  291  cars. 

7 — Total  tonnage  hauled  per  mile  in  one  day  (20  hrs.),  2050 
tons. 

8 — Cost  of  power  per  engine  per  day,  $1.75. 

9 — Current  in  line,  1980  amperes  at  250  volts. 
10 — Cost  of  upkeep  per  day  per  engine,  $1.54. 
II— Total  cost  per  ton  hauled,  $0.00287. 
12 — Total  cost  per  ton  per  mile,  $0.0189. 

In  the  item  of  maintenance  has  been  charged  the  idle 
time  of  the  operator  and  his  helper  when  the  electric 
locomotives  are  not  working  and  these  men  are  engaged 
in  looking  over  their  machines.  This  is  not  a  just  charge 
against  maintenance,  but  the  maintenance  figure  includes 
the  complete  overhauling  at  the  close  of  the  season,  as 
well  as  this  item. 

As  compared  with  rope  haulage  it  readily  can  be 
seen  that  the  locomotives  are  much  more  efficient,  the 
elasticity  in  the  movement  alone  accomplishing  this. 
They  have  many  other  advantages,  such  as  the  ability  to 
replace  cars  on  track,  haul  materials,  etc.,  that  place  them 
so  far  ahead  of  rope  haulage  as  to  be  incomparable. 

In  first  cost  the  electric  locomotive  also  leads,  as  in 
rope  haulage  it  is  necessary  to  have  a  distinct  power 
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house  at  practically  a  positive  location.  In  cost  of  oper- 
ation and  matter  of  safety  the  electric  locomotive  also 
excels,  as  can  be  seen  from  the  description  of  the  work 
involved. 
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J.  C.  BtKiscii 

Refrigerating  Engineer, 

The  Westinghouse  Machine  Company 

STRICTLY  speaking,  the  process  of  refrigeration  by     while  its  latent  heat  of  vaporization  is  twice  that  of  the 
the  evaporation  of  water  is  very  old,  and  only  the     latter, 
method  of  producing  and  maintaining  the  required  For  every  pound  of  water  or  aqueous  solution  evap- 

high  vacuum  economically  and  in  a  commercial  way  re-  orated,  about  looo  B.t.u.  are  abstracted  from  the  bulk 
mained  unsolved.  Dr.  William  Cullen,  in  1/55,  sub-  and  carried  away  by  the  condensing  water.  However, 
jected  water  to  a  vacuum  which  he  produced  with  an  air  in  order  to  be  useful  for  refrigeration,  the  evaporation 
pump,  and  increased  evaporation  to  the  extent  of  making  must  take  place  at  low  temperatures,  at  which  the  vapor 
ice,  thus  producing  the  first  ice  machine,  the  principle  of     has  a  very  low  tension  and  large  volume,  as  shown  by 

Fig.  3,  so  that  for  a  given  refrigerating  effect  immense 
volumes  of  vapor  must  be  removed. 

These  physical  properties  of  water-vapor  prevented 
the  economical  use  of  water  as  a  refrigerant,  until  Mr. 

Leblanc  success- 
fully solved  the 
problem  with  his 
high  vacuum-pro- 
ducing and  vapor- 
displacing  devices, 
know  n  as  the 
W  e  s  t  i  n  ghouse- 
Leblanc  steam 
ejector  a  n  d  air 
pump.  With  the 
use  of  these  appli- 
ances, the  refrig- 
erating pro  cess 
consists  simply  of 
the  evaporation  of 
a  part  of  the 
water  c  o  ntained 
in  the  substance 
to  be  cooled  or 
concentrated 
under  a  very  high 
vacuum,  which  is 


which  formed  the  basis  for  all  refrigerating  machines. 
Owing  to  the  great  slippage,  the  cooling  effect  was  very 
small  and,  to  increase  the  latter,  the  vapor  was  absorbed 
by  sulphuric  acid,  which  had  to  be  recovered  by  concen- 
tration,  thus 
compHcating  mat- 
ters greatly.  Har- 
rison   s  u  ggested. 
in   1878,  the  con- 
densation   of    the 
vapor  under   a 
]»rtial  vacuum,  so 
that  only  the  con- 
densate had  to  be 
delivered   to   the 
atmosphere, 
which    proved    to 
be    much    more 
economical. 

Finally,  some 
ten  years  ago, 
Maurice  Leblanc, 
of  France,  s  u  c  ~ 
ceeded  in  solving 
the  problem,  and 
to  him  is  due  the 
credit  of  perfect- 
ing to  a  commercial  usefulness  an  apparatus  for  the  pro- 
duction of  refrigeration  by  the  sole  use  of  water.  In  a 
patent  specification  of  1884  it  was  proposed  to  displace 
and  compress  the  vapor  to  atmospheric  pressure  by  a 
steam  jet,  and  upon  this  method  Mr.  Leblanc  was  labor- 
ing for  years,  until  he  finally  succeeded. 

For  the  evaporation  of  water  (or  any  other  volatile 
fluid)  a  certain  amount  of  heat  is  required,  and  if  this 
heat  is  not  furnished  from  outside  sources  it  is  taken 
from  the  substance  itself,  with  the  result  that  the  re- 
maining bulk  is  reduced  in  temperature.  The  vapor 
carries  the  heat  away  and  transfers  it  to  the  cooling 
water  while  undergoing  condensation. 

Of  several  different  substances,  the  one  requiring  the 
most  heat  for  its  evaporation  per  unit  weight  must  then 
be  the  best  refrigerating  medium,  and  from  Fig.  2  it  is 
evident  that  water  is  in  this  respect  the  ideal  refrigerant. 
Its  liquid  heat  is  nearly  the  same  as  that  of  ammonia. 


FIG.    I — l.liBl,.\XC  REFRU.ER.VTINC   M.^CHtNE 

I-"or  high  and  low  brine  temperatures,  with  motor-driven  pumps. 


produced  by  steam  jets ;  the  condensation  of  the  vapor 
and  working  steam,  and  the  removal  of  the  air  and  con- 
densate from  the  condenser  by  special  pumps. 

THE    .\PPARATUS 

According  to  local  conditions  and  the  special  service 
to  be  performed,  the  arrangement  of  a  complete  ap- 
paratus differs,  while  the  working  principle  is  the  same 
in  all  cases.  Fig.  4  shows  a  typical  arrangement  of  an 
apparatus  for  commercial  use,  whereas  Fig.  5  shows  a 
typical  arrangement  for  marine  service. 

Since  no  chemical  at  all  is  used,  the  cooling  of  rooms 
or  solid  substances  is  naturally  an  indirect  one,  whereas 
the  cooling  of  liquids  is  done  directly  in  the  apparatus. 
In  the  former,  the  cold  carrier,  which  may  be  water  or 
any  other  aqueous  solution,  is  cooled  within  the  ap- 
paratus and  circulated  through  pipes  located  within  the 
space  where  the  secondary  cooling  must  be  done.     For 
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temperature?  above  35  degrees  F.,  as  required  for  air- 
conditioning  plants,  drinking  water  systems,  rubber  rolls, 
and  for  many  chemical  processes,  water  alone  is  used 
as  the  C0I4  carrier ;  but  for  the  production  of  tempera- 
tures below  35  degrees  F.  salt  brine  forms  the  cold  car- 
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FIG.  2 — RELATIVE  LATENT  AND  LIQUID  HEATS  OF  WATER 
AND   AMMONIA 

rier.  The  cold  carrier  pf  either  type  will  be  called 
"brine"  in  the  following  description. 

The  Evaporator,  in  which  the  primary  cooling  takes 
place,  is  a  closed  vessel,  divided  by  a  cylindrical  partition 
into  a  brine  and  vapor  space.  The  former  has  near  the 
top  a  perforated  horizontal  partition,  which  forms  with 
the  cover  of  the  vessel  a  brine-receiving  chamber,  into 
which  the  warm  brine  returning  from  the  cooling  coils, 
together  with  the  makeup  water,  enters.  The  latter  is 
for  replacing  that  portion  of  the  water  which  has  been 
evaporated,  as  presently  explained. 

Passing  through  the  perforations  of  the  horizontal 
partition,  the  warm  brine  and  makeup  water  is  broken 
up  into  a  fine  spray  and,  falling  by  gravity  to  the  bottom 
of  the  vessel,  is  subjected  to  the  high  vacuum  produced 
by  the  steam  jets,  whereby  a  portion  of  it  is  vaporized. 
The  vapor  so  formed  rises  within  the  vapor  space  and  is 
drawn  by  suction  into  the  ejector  located  on  top  of  the 
evaporator. 
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FIG.   3 — RELATION    OF   VOLUME  TO  TENSION   OF   WATER  VAPOR   AT 
VARYING  TEMPERATURES 

The  bulk  of  the  brine,  cooled  by  the  evaporation  of  a 
part  of  its  water  contents,  accumulates  at  the  bottom  of 
the  evaporator  and  is  carried  away  by  the  brine  pump, 
which  forces  the  cold  brine  through  the  coils  and  pipes 


in  the  5?pQndary  coolers,  \yhere  it  take?  up  heat  from  tj^c 
spac^  or  solid  procjucts  to  be  cooled,  and  returns  to  the 
brine  space  as  first  stated.  Thus  the  cold  carrier  has  de- 
liyered  cold  to  wherever  it  was  desired,  or  more  correctly 
statpd,  it  has  left  the  evaporator  at  a  low  temperature  for 


FIG.  4 — TYPICAL  ARRANGEMENT   OF   LEBLANC  REFRIGERATING 
MACHINE 

With  jet  condenser  for  general  application, 
carrying  heat  away  from  the  products  to  be  cooled,  un- 
loading that  heat  in  the  evaporator. 

From  the  foregoing  it  is  evident  that  in  cases  where 
cold  water  alone  is  required,  as  for  many  chemical  pro- 
cesses or  drinking  water  systems,  a  more  direct  cooling 
process  is  inconceivable.  It  is  also  evident  that  as  a  con- 
centrator this  process  has  no  equal,  as  it  requires  only 
the  re-circulation  of  the  substance  to  be  concentrated  for 
a  certain  length  of  time  in  order  to  obtain  any  desired 
concentration.  Since  the  latter  is  going  on  at  a  low  tem- 
perature, and  only  the  water  of  the  fluent  substance  is 
evaporated,  the  ingredients  in  solution  remain  unchanged 
and  well  preserved. 

The  Makeup  Reijnlaior  controls  automatically  the 
amount  of  makeup  water  which  must  replenish  the  water 
lost  by  evaporation.  It  consists  of  a  simple  float  valve, 
perfectly  balanced,  and  operated  by  a  float  at  the  height 
cf  the  liquid  level  within  the  evaporator. 

The  Brine  Pump  is  a  special  type  of  a  highly  efficient 
centrifugal  pump,  capable  of  working  with  an  extremely 


FIC.    5— I)I.\GKAMMATIC   ARRANGEHfENT   OF  REFRIGER.«iTING    MACHINE 
FOR  MARINE  SERVICE' 

low  suction  head  against  any  external  head  required  for 
the  circulation  of  the  cold  brine  through  distantly  lo- 
cated cooling  coils. 

These  few  simple  appliances,  with  the  brine  pump  as 
the  sole  moving  part,  constitute  the  entire  "cold  side"  of 
the  apparatus,  or  the  actual  refrigerator,  the  balance  of 
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the  apparatus  being  the  "hot  side,"  which  produces  the 
high  vacuum  required  and  dispenses  with  the  water 
vapor  and  used-up  working  steam. 

The  Steam  Ejector  is  the  most  important  part  of  the 
apparatus,  for  without  it  the  maintenance  of  the  high 
vacuum  and  the  removal  of  the  enormous  volume  of 
vapor  would  be  impossi- 
ble, as  all  mechanical 
means  tried  so  far  have 
failed  to  accomplish  this, 
and  the  chemical  means 
known  are  unsuitable  for 
a  commercial  applica- 
tion. The  real  working 
part  of  the  ejector  is  the 
well-known  steam  noz- 
zle, shown  by  Fig.  6,  as 
invented  and  originally 
applied  to  steam  turbines 
by  De  Laval. 

Motive  steam  of  any 
pressure  of  from  one  to 
JOG  pounds  gage  enter> 
the  nozzle  and,  passing 
through  the  smallest 
cross  section,  called  the 

FIG.  6 — UE  L.W.M.  STEAM    NOZZLE  ,^   ,  i,         .^     • 

throat,  attams  a  ve 
locity  of  about  1200  feet  per  second,  while  its  pressure 
drops  to  about  one-half  of  its  initial  value.  Then,  pass- 
ing through  the  divergent  cone,  the  steam  expands 
almost  adiabatically  to  a  pressure  corresponding  to  the 
temperature  in  the  evaporator,  and  leaves  the  nozzle  at  a 
velocity  of  from  4000  to  5000  feet  per  second.  This  per- 
formance of  the  nozzle  is  called  the  change  of  potential 
to  kinetic  energy,  or  the  conversion  of  pressure  into 
velocity,  of  which  the  latter  is  used  for  ejecting,  by  suc- 
tion, the  vapor  from,  the  evaporator,  or  in  other  words, 
for  creating  the  high  vacuum  required  for  the  evapora- 
tion of  water  at  low  temperatures.  In  the  nozzle  cham- 
ber the  vapor  sucked  up  from  the  evaporator  is  mixed 
with  the  motive  steam,  and  the  mixture  is  then  com- 
pressed, owing  to  its  high  velocity,  to  the  pressure  exist- 
ing in  the  condenser  and  passes  into  the  latter.  This  last 
performance  takes  place  in  the  so-called  "difTuser," 
which  is  simply  a  reversed  nozzle  of  a  large  size. 

The  proportions  and  functions  of  the  nozzle  are  well 
known  from  its  general  application  to  the  steam  turbine, 
and  its  average  efficiency  is  about  90  percent.  The 
efficiency  of  the  difYuser  is  much  smaller,  ranging  from 
50  to  80  percent,  and  its  design  offers  more  or  less  diffi- 
culties ;  but  upon  its  proportions  and  position  in  relation 
to  the  nozzles  depends  greatly  the  efficiency  of  the  whole 
apparatus.  For  best  results,  Leblanc  divided  the  total 
cross-sectional  area  required  for  a  certain  amount  of 
work  into  a  number  of  small  nozzles,  which  he  arranged 
in  concentric  rings,  as  shown  by  Fig.  7. 

The  steam  issuing  from  these  many  nozzles  in  small 
jets  offers  a  great  surface  for  entraining  the  vapor  from 
the    evaporator    by    friction    and    driving    it    into    the 


diffuser,  in  which  the  remaining  part  of  kinetic  energy, 
or  the  velocity  of  the  mixture  of  motive  steam  and  vapor, 
is  reconverted  into  pressure.  This  reconversion  is  lim- 
ited to  a  pressure  difference  which  corresponds  with  a 
temperature  difference  of  about  65  degrees  F.,  but  the 
practical  working  limit  should  not  exceed  50  degrees  F. 
In  other  words,  an  ejector  cannot  overcome  a  greater 
pressure  difference  than  that  corresponding  with  a  dif- 
ference of  50  degrees  F.  between  the  temperature  in  the 
evaporator  and  the  one  in  the  condenser.  For  instance, 
if  the  temperature  to  be  produced  in  the  evaporator  is 
50  degrees  F.,  the  temperature  of  the  vacuum  in  the  con- 
denser cannot  be  more  than  100  degrees  F.  If  the  tem- 
perature in  the  evaporator  must  be  lower  than  50  degrees 
F.  below  the  one  in  the  condenser,  say  10,  20  or  30  de- 
grees F.,  then  two  ejectors  must  be  used  in  series.  Of 
these  the  first  lifts  and  compresses  the  vapor  into  the 
second,  which  compresses  the  mixture  of  the  first  one, 
^together  with  its  own  working  steam,  and  delivers  the 
whole  into  the  condenser. 

The  Condenser  is  a  steam  condenser  as  commonly 
used  in  connection  with  turbines  and  steam  engines.  For 
industrial  installations  any  one  of  the  well-known  types 
of  steam  condensers  may  be  used,  either  surface,  jet  or 
barometric,  depending  entirely  upon  local  conditions,  as 
well  as  upon  the  quality  of  condensing  water  available. 
For  marine  service,  only  the  surface  condenser  is  suit- 
able. 

The  Air  Pump — Air  enters  a  condenser  by  leaks, 
through  stuffing  boxes,  and  mixed  with  the  steam  and 
condensing  water,  and  wherever  present  it  greatly  re- 
duces and  often  destroys  the  vacimm  if  not  promptly  re- 
moved. This  is  all  the  more  important  with  an  apparatus 
whose  proper  performance  depends  wholly  upon  the 
highest  possible  vacuum. 

The  Leblanc  air  pump,  illustrated  by  Fig.  8,  repre- 
sents the  ideal  construction  of  a  vacuum  pump,  because 


FIG.    7 — NOZZLE    HEAD   OF   THE   EJECTOR 

it  is  free  from  wear  and  tear,  has  no  valves  or  parts  rub- 
bing against  each  other,  and  operates  at  a  high  rate  of 
speed,  which  makes  it  particularly  suitable  for  turbine 
or  motor  drive.  It  consists  of  a  water  turbine  wheel, 
which  is  driven  by  the  prime  mover  and  fed  with  water 


THE    ELECTRIC   JOURNAL 


from  its  inner  circumference.  Passing  the  curved  blades, 
the  water  is  thrown  in  layers  or  pistons  into  the  air  and 
vapor  space  with  a  great  velocity,  whereby  the  air  from 
the  condenser  is  entrained  and  discharged  with  the  water. 
In  small  units  this  air  pump  removes  also  the  con- 
densate,  whereas   in   units  of   larger  capacity   separate 


FIG.  8 — OPER.VriNG  PRINCIPLE  OF  I.EBL.\NC  .\IR  PUMP 

condensate  pumps  of  well-known  construction  are  em- 
ployed. 

Condensing  Water — For  the  circulation  of  the  con- 
densing water  any  kind  of  pump  may  be  used,  but  the 
centrifvigal  pumps  are  best  suited  on  account  of  the  high 
speed  at  which  they  operate,  which  permits  their  coupling 
with  the  air  pump  and  direct  connection  with  the  prime 
mover.  Owing  to  the  great  amount  of  water  required,  a 
cooling  tower  is  indispensable  for  the  economical  opera- 
tion of  a  commercial  apparatus,  except  in  cases  where  an 
abundance  of  cooling  water  can  be  had  at  smaller  pump- 
ing heads  than  that  required  for  a  tower,  as  in  all  marine 
installations.   , 

The  Prime  Mover — While  any  kind  of  drive  for  the 
brine,  air  and  water  pumps  can  be  arranged,  the  electric 
.motor  or  steam  turbine  are  the  most  preferred  appli- 
ances, as  either  one  may  be  connected  directly  to  the 
pumps,  of  which  all  may  be  driven  either  by  a  common 
shaft  or  by  individual  drives.  The  steam  turbine  is  of 
special  advantage,  because  it  can  be  operated  at  a  certain 
back  pressure  and  the  exhaust  used  in  the  ejectors,  as  is 
mostly  done  in  marine  installations. 

ATTEND.'^NCE,  S.AFETY,  SILENCE  AND  MAINTENANCE 

The  entire  absence  of  chemicals,  the  practically  auto- 
piatic  operation,  and  the  limitation  of  the  moving  parts 
to  a  few  centrifugal  pumps,  place  this  apparatus  in  the 
class  requiring  very  little  attention.  Its  operation  under 
no  higher  pressure  than  that  of  the  atmosphere,  except- 
ing the  motive  steam,  eliminates  the  danger  of  explo- 
sions and,  as  nothing  exists  in  connection  with  it  that 
can  produce  obnoxious  odors  or  suffocating  fumes,  this 
type  of  refrigerating  apparatus  is  the  safest  in  existence. 
It  is  also  the  most  silent  one,  as  no  reciprocating  move- 
ment takes  place,  and  by  the  use  of  the  centrifugal 
pumps  the  circulation  of  the  cold  carrier  and  cooling 
water  is  performed  without  the  least  water-hammer  or 
pounding. 

The  cost  of  maintenance  is  reduced  to  the  very  mini- 
mum by  the  elimination  of  all  wearing  parts,  save  the 


few  pump  bearings,  and  the  refrigerant  being  nothing 
but  water,  no  expense  for  charging  and  recharging,  leak- 
age or  blow-outs  can  ever  occur. 

In  units  of  medium  and  large  capacity  less  space  is 
occupied  than  with  any  other  type  and,  since  it  forms 
one  interconnected  unit  confined  to  the  same  space  and 
level,  this  apparatus  is  self-contained  and  requires  no 
special  foundation  or  expensive  housing. 

COST  OF  PRODUCTION 

Motive  steam,  power  and  water,  being  the  require- 
ments for  the  production  of  refrigeration,  and  the  latter 
being  in  itself  a  great  variable,  there  are  six  variable 
quantities  to  deal  with  in  the  computation  of  the  cost  of 
production  or  relative  economy.    These  are : — 

I— The  temperature  to  be  produced,  which  may  vary  froui 
10  to  60  degrees  F. 

2 — The  pressure  of  the  motive  steam,  varying  from  i  to  200 
lbs.  per  sq.  in. 

3— The  temperature  of  the  cooling  water,  varying  from  60 
to  95  degrees  F. 

4— The  temperature  in  the  condenser,  varying  from  80  to 
no  degrees  F. 

5— The  working  heads  for  the  brine  and  water  pumps,  whicli 
may  be  anything  from  a  few  to  several  hundred  feet. 

6— The  efficiency  of  the  pumps  and  prime  mover,  varviu" 
from  30  to  85  percent. 

Some  average  condition  must  therefore  be  assumed 
for  a  few  of  these  variables  in  order  to  determine  the 
consumption  of  the  others,  the  cost  of  each  being  de- 
pendent upon  local  condition.  The  following  assump- 
tions  will  therefore   be   made: — Motive   steam   of    120 


-IM 

-ISO 

1  „ 

\\ 

T 

«.  E, 

zton 

* 

* 

E.,^ 

- 

J-, 

J-oj; 

i\ 

^ 

UOC 

■' 

1^ 

in 

r^ 

r 

\« 

■05. 

■^ 

0  ' 

O.M.I1.S0  — 
0.41-0.S6- 

o.«-o.6:'| 
Mr-o.(i«rl 

OJO-0.74— 

1 

0.53-0.80.- 

W 

^ 

i/ 

«»? 

y 

u 

^ 

/l 

^ 

.6—10 

\\ 

/ 

1 

/ 

/ 

A 

/ 

I 

/ 

K 

\, 

^ 

5 

sj 

\ 

T 

S 

- 

/ 

\, 

/ 

\ 

/ 

s/ 

\/ 

o^M..  1 

i 

1 

\ 

/^ 

»     «     ■" 

""^■"^ 

1  " 

5.10 
l-s. 

- 

[^ 

) 

^ 

\ 

:::.4 

(LM-1.I0— 

^\i 

\ 

N 

^ 

^ 

\ 

\ 

/ 

X 

s 

k: 

k\ 

^ 

s 

— , 

1 

I 

4~- 

"-<?""' 

"- 1 

1 

FIG.    9 — STEAM    CONSUMPTION,   CONDENSING    WATER    AND 
HORSE-POWER 

At  different  condenser  temperatures, 
pounds  gage  pressure;  cooling  water  of  70  degrees  F. ; 
pumping  heads  of  40  feet ;  a  pump  efficiency  of  50  per- 
cent, and  a  temperature  difference  of  five  degrees  F.  for 
the  brine  circulated.  Fig.  9  shows  then  the  relative  con- 
sumption of  steam,  power  and  water  for  the  production 
of  one  ton  of  refrigeration  at  different  temperatures,  and 
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also  under  what  condition  one  or  two  ejectors  are  re- 
quired. The  use  of  the  curves  is  best  explained  by  two 
examples : — 

I — Required  the  production  of  brine  of  20  degrees,  with  a 

condenser  temperature  of  90  degrees. 

The  temperature  difference  being  70  degrees,  two 
ejectors  are  required.  The  intersection  of  the  20  degree 
ordinate  with  the  90  degree  steam  and  water  curves,  gives 
the  answer: — iii  pounds  of  steam  per  hour,  17  gallons  of 
water  per  minute,  and  0.71  horse-power  per  ton  of  refrig- 
eration. 
2 — Required  the  cooling  of  drinking  water  to  50  degrees  F., 

with  a  condenser  temperature  of  100  degrees  F. 

The  temperature  difference  being  SO  degrees,  only  one 
ejector  is  required.  The  intersection  of  the  50  degree  ordi- 
nate with  the  100  degree  steam  and  water  curves  gives  32 
pounds  of  steam  per  hour,  3.7  gallons  of  water  per  minute 
and  0.31  horse-power  per  ton  of  refrigeration,  correspond- 
ing with  the  cooling  of  about  50  gallons  of  drinking  water 
per  hour. 

From  this  it  is  evident  that  one  ton  of  refrigeration 
at  low  temperatures,  with  the  use  of  two  ejectors,  con- 
sumes about  four  times  as  much  steam  and  water  and 
about  2.5  times  as  much  power  as  the  same  refrigeration 
at  high  temperatures  with  only  one  ejector,  a  character- 
istic which  is  common  with  all  types  of  refrigerating 
systems. 

The  actual  commercial  cost  of  refrigeration  by  this 
system  is  best  shown  by  the  following  test  results,  fur- 
nished by  the  owners  of  a  60  ton  Westinghouse-Leblanc 
refrigerating  machine  at  a  rubber  plant  in  Wisconsin : — 


No. 
Test 

Date 

Water 
Temperature 

Gallons 

per 
Minute 

B.t.u. 
H^o^- 

Tons 
Day 

Cost 

Cost     i 
Day     j 

Cold 

Warm 

3 

6-4-16 
6-5-16 

S6.8 
56. S 

68.9 
68.3 

156.25 
145  63 

045  JI2 
839  217 

79 

72 

So. 304 
$0,334 

$24.00 
$24.00 

Cost  of  operation  per  hour : — 

Ejectors,  2600  pounds  of  steam,  at  $0.20  per  M $0.52 

Motors,  19.9  kw,  at  $0,093  per  kw 0.185 

Net  loss  of  water  in  cooling  tower 0.02 

Power  for  fans  of  cooling  tower 0.07 

Fixed  charges  0.105 

Attendance  o.io 

Total  per  hour $100 

or  $24.00  per  day. 

With  the  use  of  exhaust  steam  for  the  ejectors  the 
total  cost  of  operation  is  greatly  reduced,  but  not  in  a 
direct  proportion  with  the  elimination  of  the  cost  of 
steam,  as  exhaust  steam  has  only  about  60  percent  of  the 
kinetic  energy  of  live  steam  at  120  pounds  gage.  More 
steam  is  therefore  required,  and  consequently  also  more 
water  and  power  than  for  live  steam. 

,\DAPT  ABILITY 

As  any  kind  of  apparatus  has  its  special  application, 
and  none  is  equally  well  adapted  for  all  purposes  and 
under  all  conditions,  so  this  type  of  refrigerating  ma- 
chine is  only  suitable  for  special  work,  for  which  other 
types  are  either  less  suitable  or  entirely  unfit.  It  would 
be  absurd  to  claim  that  this  type  can  replace  in  all  cases 
the  ammonia  or  any  other  standard  refrigerating  ma- 
chine ;  equally  absurd  would  it  be  to  claim  for  the  latter 
the  special  features  of  the  former,  because  the  steam  jet 


machine  has  some  advantages  which  cannot  be  found  in 
other  types,  and  it  has  still  other  advantages  which  place 
it  in  a  class  by  itself. 

In  Fig.  9  is  shown  at  a  glance  under  what  condition 
the  performance  of  this  machine  is  comparable  with 
other  types  for  commercial  or  industrial  purposes.  Its 
usefulness  begins  here  with  temperatures  of  from  45  to 
50  degrees  F.,  that  is,  with  the  use  of  one  ejector  or, 
according  to  capacity,  of  any  number  of  ejectors  in  par- 
allel. From  this  it  follows  that  icemaking,  cold  storage, ' 
brewery  and  packing  house  refrigeration  cannot  be  con- 
sidered, because  for  such  lower  temperatures  two 
ejectors  in  series  would  be  rc(iuired,  and  the  operation 
would  be  too  expensive. 

For  refrigeration  in  dairies,  chemical  works,  rubber 
factories  and  for  drinking  water  systems,  for  which 
lower  temperatures  than  50  degrees  F.  are  not  required, 
this  system  is  just  as  economical,  and  in  units  of  from 
200  to  1000  and  more  tons  capacity  even  more  econom- 
ical than  the  ammonia  system.  Such  larger  units  are,  on 
the  other  hand,  very  much  cheaper  in  first  cost  than  an 
ammonia  machine ;  they  take  less  space,  are  perfectly 
safe,  do  not  require  especially  skilled  attendance,  and 
may  be  operated,  in  part  or  as  a  whole,  with  exhaust 
steam.  For  units  of  a  few  tons  capacity,  or  for  domestic 
purposes,  this  type  is  unsuitable  and  too  expensive  in 
tirst  cost  as  well  as  operation,  because  the  constructive 
limits  of  the  vacuum-producing  devices  do  not  allow 
such  great  reductions. 

Considerations  like  "Safety  first"  or  "Machines  using 
intensely  suflfocating,  poisonous  or  inflammable  gases  or 
liquids  as  the  cooling  agent  will  not  be  approved,"  as 
specified  by  the  U.  S.  Navy,  make  this  type  of  machine 
the  most  economical  of  all,  because  no  other  than  the  air 
machine  can  be  considered,  and  the  latter  is  notoriously 
troublesome  and  uneconomical. 

For  the  combined  cooling  and  concentration  of 
liquids,  as  in  dairies,  chemical  and  sugar  works,  this  ma- 
chine has  no  eqtial  and  is  the  only  system  in  existence  by 
which  this  can  be  accomplished.  However,  its  ideal 
adaptability,  with  the  exclusion  of  all  others,  is  for  ma- 
rine service,  for  which  it  is  far  superior  and  more  eco- 
nomical than  the  air  machine,  even  when  operated  with 
two  ejectors  in  series,  for  temperatures  as  low  as  10  de- 
grees F.  and  for  any  purpose  whatever.  Under  the  latter 
condition  a  machine  of  equal  capacity  weighs  only  about 
one-half,  and  consumes  one-third  less  steam  than  an  air 
machine.  The  much  larger  consumption  of  water  does 
not  come  into  play,  as  the  ocean  furnishes  any  quantity 
free  of  charge ;  the  pumping  heads  are  eliminated,  and 
the  ejectors  are  worked  with  the  exhaust  steam  of  the 
turbine  driving  the  pumps.  The  specifications  of  the 
U.  S.  Navy,  that  "the  cooling  agent  must  be  one  that  can 
be  obtained  in  all  the  principal  seaports  of  the  world," 
are  most  perfectly  met  without  carrying  any  stock,  be- 
cause water,  and  nothing  but  water,  is  the  working  me- 
dium and  cooling  agent. 
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Fred  H.  Rindge,  Jr. 
Secretar}-,  Industrial  Service  Movement 


AT  THE  head  of  many  of  our  great  industries  are 
those  who,  because  of  American  birth  and  train- 
ing, were  made  custodians  of  American  ideals 
and  should  have  made  those  ideals  pervasive.  We  are 
confronted  with  the  fact  that  in  some  instances  they  have 
failed  to  do  so.  In  the  pursuit  of  economic  advantage — 
the  dollar — too  many  have  neglected  the  social  responsi- 
bility— the  men.  If  the  emphasis  in  the  past  has  been 
upon  the  economic,  it  is  not  to  be  wondered  at  that  the 
problems  of  the  present  are  emphatically  social. 

The  practical  is  never  safe  unless  it  is  woven 
through  with  the  ideal.  If  thousands  of  workers  are 
gathered  by  the  forces  of  industry,  corresponding  social- 
izing forces  must  be  set  in  motion.  Safety,  if  nothing 
else,  demands  this.  Many  clear-visioned  industrial 
leaders  see  and  act  upon  this,  while  others  fail ;  and  their 
failure  penalizes  all.  The  two  types  are  illustrated  by 
two  officers  of  a  western  plant  employing  many  for- 
eigners. The  president,  who  had  some  knowledge  of  a 
plan  of  welfare  work,  said  to  the  manager: — "We  ought 
to  do  some  betterment  work  in  our  plants.  This  plan 
looks  good  to  me.  What  do  you  say  to  trying  it  out?" 
The  manager  answered : — "Oh,  the  first  thing  they  will 
do  will  be  to  teach  the  foreigners  English,  and  then  they 
will  get  together  and  make  trouble." 

Experience  proves  that  such  work  will  not  cause 
trouble.  As  a  matter  of  fact,  this  kind  of  betterment 
brings  only  happiness,  ideals  and  efficiency,  output  and 
earnings.  More  than  that,  it  lessens  some  things,  includ- 
ing drinking,  vice  and  the  cost  of  production.  This  has 
been  demonstrated  again  and  again  by  different  com- 
panies. 

MAN    EFFICIENCY 

The  genius  in  industry  which  has  given  to  the  world 
the  wonders  of  machine  efficiency  is  beginning  to  address 
itself  to  the  more  important  and  more  difficult  subject  of 
mat^i  efficiency.  This  marks  the  dawning  of  industry's 
brightest  day.  But  just  as  formerly  it  was  difficult  to 
induce  conservative  management  to  see  the  wisdom  of 
discarding  old  machines  for  new,  so  with  the  methods  of 
dealing  with  the  human  factor.  Progress  has  been  made, 
however;  witness  the  new  standards  of  factory  construc- 
tion, the  sanitation,  the  safety  devices,  etc.,  and  the  new 
types  of  industrial  towns,  housing,  education,  etc. 

It  is  still  very  easy  for  factory  management  to  give 
the  major  regard  to  material  and  machinery  and  to  scan 
with  special  care  proposed  expenditures  for  the  welfare 
of  the  workers.  A  manufacturer  who  was  interviewed 
recently  regarding  some  welfare  work  which  he  favored, 
but  which  would  involve  a  cost  of  $8000  for  permanent 
equipment  and  $1500  a  year  for  maintenance,  said  :— 


"That  would  require  special  consideration  by  the  di- 
rectors and  certain  of  our  stockholders,  and  I  know  they 
will  not  approve  it."  On  his  desk  lay  an  order  to  discard 
$18  000  worth  of  machinery  and  install  $40  000  worth  of 
new.  He  had  no  trouble  getting  approval  and  quick 
action  on  scrapping  old  machinery,  but  when  the  question 
of  scrapping  old  methods  of  dealing  with  men  arose  the 
case  was  difterent. 

SIGNS  OF  PROMISE 

Observation  leads  to  the  conviction  that  the  hearts  of 
employers  and  employees  beat  more  nearly  in  unison 
than  the  strikes,  lockouts,  dynamitings  and  court  actions 
would  indicate.  The  pressure  of  rapid  industrial  devel- 
opment and  the  desire  for  personal  gain  have  obscured 
some  of  the  finer  things.  The  economic  has  been  empha- 
sized at  the  expense  of  the  social.  But  the  emphasis 
upon  the  human  factor  is  fast  becoming  more  general 
and  more  sincere,  more  intelligent  and  more  unselfish. 
The  new  appreciation  of  character  as  an  economic  asset 
and  the  spirit  of  good  will  welcoming  reasonable  self- 
expression  along  mutually  helpful  lines— these  are 
among  the  signs  that  appear  upon  the  horizon  at  this  the 
dawn  of  a  new  day  in  industry. 

The  avoidance  of  waste  is  of  increasing  importance 
in  industry,  and  this  ought  to  be  so,  for  we  are  guiUy  of 
awful  waste — of  timber,  of  coal,  of  water  power,  etc. 
We  do  well  to  be  concerned  about  these  things,  but  it  is 
noticeable  that  the  growing  theme  is  human  conservation 
and  the  changing  emphasis  is  from  materials  to  men. 
There  are  few  meetings  of  manufacturers  or  of  working- 
men  where  this  subject  is  not  to  the  fore.  The  avoidance 
of  waste,  of  life  and  limb  and  of  human  capacity  is  re- 
garded as  of  more  importance  than  the  waste  of  timber 
and  coal  and  water  power. 

SELF-EXPRESSION    OF   THE   WORKER 

Closer  attention  to  the  human  factor  will  show  not 
only  the  value  of  socializing  and  character-making  influ- 
ences, but  it  will  reveal  what  some  employers  are  loath  to 
see,  but  what  an  increasing  number  of  others  are  glad  to 
recognize,  that  the  workers  must  have  larger  self- 
expression. 

The  instinct  of  self-expression  is  the  human  attribute 
that  accompanies  human  progress;  indeed,  it  makes 
human  progress.  The  ground  swell  of  industrial  unrest 
that  is  on  throughout  the  world,  notably  in  the  Chris- 
tianized world,  makes  progress.  It  is  a  movement  from 
within  outward  and  upward ;  one  which  cannot  be  con- 
fined without  peril  of  explosion,  but  may  be  released 
and  directed  so  that  what  might  be  destructive  and  a 
calamity  will  become  productive  and  a  blessing.    There 
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is  no  need  to  fear  this  demand  for  self-expression  if 
there  is  the  right  kind  of  guidance.  Hence  the  wisdom 
of  first  looking  well  to  character-forming  influences,  and 
then  opening  the  channels  for  safe  and  satisfying  self- 
expression. 

No  increase  of  wages  or  decrease  of  hours  will  alone 
satisfy  a  worker.  Every  man  wants  to  run  something. 
If  he  hasn't  anything  of  his  own  he  will  want  to  run 
something  that  belongs  to  somebody  else  and  to  run  it 
his  own  way.  The  genius  of  industry  is  discovering  this 
and  is  giving  the  more  intelligent  workers  a  proprietor- 
ship in  more  of  the  things  that  concern  them.  A  worker 
who  may  not  own  his  tools  or  his  handiwork,  his  home 
or  his  job,  ought  to  be  helped  to  find  something  that  he 
can  own  and  run.  Too  often  modern  industry  gives  men 
nothing  but  wages,  and  men  will  not  be  content  with 
wages  only. 

THE   BIG   PROBLEM HANDLING    MEN 

After  all,  it  is  largely  a  matter  of  handling  men  in 
the  right  way.  In  spite  of  seeming  exceptions,  in  spite 
of  the  influence  of  "outside  agitators,"  the  men,  as  a  rule, 
respond  quickly  to  right  treatment.  The  big  leaders  of 
industry  never  lose  faith  in  this  fundamental  idea.  For 
•  example,  Mr.  E.  M.  Herr,  president  of  the  Westinghouse 
Electric  &  Mfg.  Company,  in  a  paper  before  the  Amer- 
ican Institute  of  Electrical  Engineers  some  time  ago  said 
these  very  significant  things : — 

"In  the  management  of  men,  the  engineer  is  usually  trained, 
has  his  severest  test.  Many  engineers,  remarkable  for  their 
judgment,  skill  and  intelligence,  fail  dismally  in  handling  men. 
The  very  nature  of  the  training  of  the  engineer  tends  to  unfit 
him  in  directing  and  controlling  the  rank  and  file  of  the  work- 
men. The  exact  and  uncompromising  methods  so  necessary  in 
engineering  training  cannot  be  applied  in  dealing  with  men. 
Fairness  and  justice  are  the  cardinal  principles  to  be  used 
always,  but  in  addition,  in  dealing  with  people  one  must  know 
how  to  bring  the  human  element  into  all  such  relations.  When 
this  is  properly  done,  the  workman  is  inspired,  stimulated  and 
led  into  obedience  and  loyalty  to  which  no  severity  or  rigid  rules 
could  drive  him." 

And  again  :^ — • 

"There  is  a  great  difiference  in  the  effect  upon  an  employee 
of  the  way  an  order  or  decision  is  given.  You  all  have  prob- 
ably at  some  time  dealt  with  those  in  authority  from  whom  you 
would  rather  receive  a  refusal  than  an  acquiescence  from  an- 
other. An  adverse  decision  would  be  received  from  the  former 
superior  and  carried  out  with  a  feeling  of  loyalty  and  willing- 
ness, but  with  an  unavoidable  feeling  of  grudging  obedience  and 
almost  revolt  from  the  latter.  The  different  effect  upon  the  em- 
ployee was  caused  by  the  employer's  knowledge  of  and  due 
regard  for  one  phase  of  the  human  element  in  dealing  with  the 
employee." 

This  problem  of  handling  men  raises  the  vital  ques- 
tion of  "Where  can  industry  secure  the  right  type  of  men 
to  handle  other  men?"  Some  industrial  concerns  are 
giving  time,  study  and  money  to  training  up  such  men 
from  the  ranks.  Other  concerns  look  largely  to  the 
graduates  of  our  engineering  schools.  These  engineer- 
ing graduates  are  often  skilled  in  technical  knowledge, 
but  weak  in  experience  in  dealing  with  men.  In  final 
analysis  then,  it  is  a  problem  of  training  the  undergrad- 
uate, of  giving  him  instruction  in  the  human  as  well  as 
the  technical  side  of  his  profession,  and  of  affording  him 
contact  with  industrial  workers.    If  this  can  be  done  he 


will  graduate  much  better  equipped  for  his  chosen  pro- 
fession. The  engineer  in  reality  stands  between  capital 
and  labor  and  must  appreciate  the  viewpoint  of  both. 
How  can  he  be  helped  (as  an  undergraduate  if  possible) 
to  be  equal  to  his  task  ? 

SOLVING  THE  PROBLEM 

For  the  last  eight  years  the  Industrial  Service  Move- 
ment has  been  answering  this  question  by  a  practical  pro- 
gram which  commands  the  admiration  and  enthusiasm 
of  all  who  have  heard  of  it.  In  co-operation  with  both 
employer  and  employee  this  movement  has  enlisted  thou- 
sands of  engineering  students  and  others  in  meeting  in- 
dustrial workers — foreigners,  working  boys,  skilled  me- 
chanics, trades  unionists  and  others — in  some  practical 
service,  and  this  has  given  these  young  engineers  new 
visions  of  the  workers  and  of  their  needs.  It  has  in- 
spired them  with  a  desire  to  promote  better  industrial 
conditions,  and  already  where  such  students  have  be- 
come engineers  the  effect  of  their  training  is  seen  in  bet- 
ter treatment  of  men  and  a  better  understanding  between 
the  workers  and  employers.  The  man  who  handles  men 
intelligently  is  at  the  focus  of  the  whole  industrial  situ- 
ation. The  Industrial  Service  Movement  develops  this 
type  of  man.  The  far-reaching  effect  of  this  work  ap- 
pears already  in  many  quarters,  and  the  years  just  ahead 
should  yield  far  greater  results.  The  national  engineer- 
ing societies  are  joining  heartily  in  the  effort.  Papers 
on  this  subject  have  been  read  before  the  annual  meet- 
ings of  these  influential  organizations,  and  sent  to  their 
members — over  25  000  business  men  and  engineers. 
Human  engineering*  is  finding  a  place  in  the  required 
course  of  colleges  and  upon  convention  programs. 

Special  lecturers  on  these  topics  are  secured  for  the 
colleges.  Among  these  men  are  some  of  the  real  leaders 
of  industry,  who  are  willing  to  take  time  from  their  busy 
life  to  help  promote  the  human  engineering  idea  and 
ideal.  Observation  trips  are  planned  to  give  college  men 
a  knowledge  of  existing  conditions,  how  these  conditions 
are  being  improved  by  the  various  agencies,  and  the  in- 
dustrial betterment  work  of  various  companies.  Special 
libraries  and  bulletin  boards  of  up-to-date  material  on 
industrial  and  social  problems  are  promoted  in  the  engi- 
neering schools. 

Most  important  of  all,  during  the  past  year  4500 
students  from  250  colleges  were  engaged  regularly  in 
industrial  service,  thereby  reaching  100  000  working  men 
and  boys.  They  taught  English  to  foreigners,  mechanics 
to  American  men,  right  living  to  boys  and  a  score  of 
other  worth-while  things.  Three  thousand  graduates  are 
already  active  in  industrial  betterment  largely  as  a  result 
of  interest  acquired  at  college.  These  volunteer  workers 
do  not  go  down  to  help  others,  nor  ask  others  to  come  up 
and  be  helped,  but  rather  go  with  them  in  a  spirit  of 
common-sense  brotherhood.  The  task,  in  a  word,  is  to 
get  workingmen  educated  and  educated  men  to  work. 


*Copy  of  the  proposed  course  for  engineering  schools  on 
"The  Human  Side  of  Engineering"  can  be  secured  on  request 
from  the  author,  124  East  Twenty-eighth  Street,  New  York. 
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The  movement  yields  most  desirable  and  lasting  results 
to  those  who  are  being  served  by  the  students,  to  the 
students  themselves,  to  the  whole  of  industry  (as  em- 
ployer, employee  and  stockholder  profit  from  the  in- 
creased good  will)  and  to  society,  because  it  begets 
better  understanding  and  makes  society  safer.  In  the 
words  of  J.  Parke  Channing,  famous  mining  engi- 
neer : — 

"The  whole  plan  seems  sane,  practical  and  convincing.  It 
helps  the  coming  engineer  to  get  a  broader  perspective  while 
an  undergraduate.  It  enlarges  the  worth  of  the  workers 
through  the  service  of  the  students.  It  affords  an  instrument 
for  all-round  welfare  work,  wherever  the  engineer  may  go.  *  * 
Think  of  what  it  will  mean  to  industry  to  have  a  thousand  or 
more  men  eacli  year  entering  upon  their  work  with  this  splendid 
spirit,  and  with  the  ability  to  inspire  confidence,  good  will  and 
loyalty.  What  will  this  mean  to  the  industrial  leadership  of  the 
future?" 

This  whole  movement  has  been  initiated  and  pro- 
moted on  the  broadest  kind  of  a  basis  by  the  interna- 
tional, state  and  local  branches  of  the  Young  Men's 
Christian  Association,  in  co-operation  with  other  agen- 
cies, and  especially  with  the  two  great  forces  in  industry. 
It  has  been  backed  by  industrial  leaders,  who  have 
realized  the  strategic  importance  of  just  this  sort  of 
thing. 

Beside  this  special  drive  at  this  special  problem,  a 
most  comprehensive  plan  of  welfare  has  been  developed 
in  connection  with  manufacturing  interests,  electrical 
and  otherwise,  and  with  the  cotton,  coal,  lumber  and 
other  industries.  Mr.  Herman  H.  Westinghouse  has  on 
several  occasions  declared  his  approval  of  the  masterly 


way  in  which  the  welfare  program  has  been  handled.  A 
splendid  illustration  of  this  work  exists  at  Wilmerding, 
Pa.  Mr.  John  F.  Miller,  president  of  the  Westinghouse 
Air  Brake  Company,  says : — 

"The  part  of  our  welfare  work  which  is  administered 
through  the  agency  of  the  Y.M.C..'\.  has  been  an  unqualified  suc- 
cess due,  we  believe,  to  the  altruistic  spirit  underlying  all  asso- 
ciation work,  able  local  management  and  the  helpful  co-opera- 
tion of  the  larger  organization  in  state  and  nation." 

MUTUALITY  RATHER  THAN  NEUTRALITY 

All  such  work  is  helping  industry  to  shift  its  em- 
phasis from  materials  to  men,  where  it  belongs.  Many 
mistakes  have  been  made  in  so-called  "welfare  work;" 
often  the  men  resent  the  company  doing  anything  for 
them.  That  is  one  reason  why  some  employers  of  labor 
and  influential  engineers  invite  the  Y.M.C.A.  to  run  the 
welfare  work.  It  is  a  neutral,  or  rather  a  mutual  agency, 
and  is  therefore  not  under  suspicion.  Furthermore,  it 
develops  that  self-expression  of  the  worker,  the  need  of 
which  has  already  been  noted,  for  it  enlists  him  in  com- 
mittee service,  shows  him  how  to  serve  others,  and  in 
reality  makes  him  feel  that  he  and  his  fellows  are  "run- 
ning the  thing  themselves." 

The  greatest  forces  in  industry  are  like  the  electric 
current — unseen.  Integrity,  stability,  intelligence,  good 
will,  loyalty,  these  are  unseen,  but  the  eilfects  of  such 
qualities  in  workingmen  are  seen  on  every  hand  and,  in 
the  last  analysis,  determine  success.  Industry  is  realiz- 
ing this  more  and  more  every  day,  and  that  is  why  its 
emphasis  is  shifting  from  materials  to  men. 
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THE  complete  performance  of  a  synchronous  ma- 
chine is  determined  commercially  from  tests  which 
are  comparatively  simple  and  easy  to  make.  The 
results  derived  from  these  tests  are  recognized  as  being 
fully  as  reliable  as  results  which  would  be  obtained  by 
operating  the  machine  under  actual  load  conditions.  To 
secure  complete  performance  data,  tests  are  made  to  de- 
termine the  efficiency,  regulation,  temperature,  field  cur- 
rent and  voltage,  short-circuit  current  and,  in  the  case  of 
motors,  starting  and  pull-in  torque  and  starting  current 
and  voltage. 

The  tests  which  are  necessary  are : — Resistance  of 
the  field  and  the  armature,  no-load  saturation  and  core 
loss,  short-circuit  saturation  and  loss,  friction  and  wind- 
age loss,  full-load  zero  percent  power-factor  saturation, 
and  one  or  more  temperature  runs.  If  the  machine  is  to 
operate  as  a  motor,  locked  saturation,  pull-in  and  start- 
ing tests  must  also  be  made. 

SATURATION,  LOSSES  AND  RESISTANCE 

The  resistance  of  the  armature  and  of  the  field  are 
measured  while  the  windings  are  at  room  temperature. 
Due   to   the    fact   that   the   resistance   varies    with   the 


temperature  it  is  necessary  to  note  the  room  temperature 
and  correct  the  resistance*  for  any  deviation  from  the 
standard  temperature,  which  is  usually  taken  as  40  de- 
grees C. 

The  no-load  or  open-circuit  saturation  and  the  open- 
circuit  core  loss  are  taken  at  one  time.  The  machine  is 
driven  at  normal  speed  by  a  separate  driving  motor  and 
the  field  excitation  varied.  At  each  value  of  field  am- 
peres, the  terminal  voltage  of  the  alternating-current  ma- 
chine and  the  power  input  of  the  driving  motor  are 
noted.  The  different  values  of  voltage  plotted  against 
corresponding  values  of  field  current  give  the  no-load 
saturation  curve.  The  power  taken  by  the  driving  motor 
at  each  point  minus  the  power  required  to  drive  the. 
alternating-current  machine  when  it  is  not  excited  gives 
the  core  loss  at  that  voltage.  This  loss  is  plotted  against 
voltage,  as  shown  in  Fig.  i. 


*The  resistance  of  a  winding  at  any  temperature  may  be 
found  from  the  resistance  at  any  other  temperature  by  means 
of  the  following  formula : — 

„         it.  +  ^34-5)  ,  ,    „ 
^^-  (t,  +  234-5)  X  ^' 
where  i?,  =  resistance  at  a  temperature  of  t^  degrees  C. 
and  i?2  =  resistance  at  a  temperature  of  tn  degrees  C. 
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The  short-circuit  saturation  and  short-circuit  loss  are 
taken  by  driving  the  machine  with  a  separate  motor,  as 
in  the  open-circuit  test.  The  terminals  of  the  machine 
are  short-circuited  and  the  field  current  is  gradually  ni- 
creased  and  readings  of  armature  current  are  taken. 
The  loss  in  the  machine  at  each  point  is  determined  from 
the  driving  motor  input  and  is  the  sum  of  the  PR^  loss 
in  the  armature  copper  and  the  so-called  "load  loss." 

The  friction  and  windage  loss  is  found  by  driving 
the  machine  at  rated  speed  with  zero  current  in  its  field 
circuit.  The  beh  is  then  removed  and  the  driving  motor 
is  run  alone  at  the  same  speed  as  before.  The  difference 
in  driving  motor  input  in  the  two  cases  is  the  power  nec- 
essary to  overcome  friction  and  windage  in  the  machine 
under  test. 

In  order  to  obtain  the  zero  percent  power-factor  sat- 
uration curve,  the  machine  is  paralleled  with  another 
alternating-current  machine  and  operated  as  a  synchro- 
nous motor.  The  field  excitation  of  the  machine  under 
test  is  then  increased  and  the  field  of  the  other  machine 

decreased  until  full- 
load  current  circu- 
lates between  the 
armatures.  B  y  in- 
creasing the  excita- 
tion of  one  machine 
and  decreasing  that 
of  the  other,  t  h  c 
voltage  of  the  system 
may  be  held  up  to  its 
normal  value  or 
higher  if  desired. 
Then  by  lowering 
both  the  fields,  the 
voltage  may  be 
brought  down  to  any 
desired  value,  while 
the  current  circulat- 
ing between  the  ma- 
chines   remains    the 


FIG.    1— CHAR.\CTERISTIC    CURVES   OP 
SYNCHRONOUS    MACHINES 


same.  The  sum  of  the  field  ampere-turns  of  both  ma- 
chines determines  the  voltage ;  the  dift'erence  between  the 
ampere-turns  of  one  machine  and  that  of  the  other  de- 
termines the  current  that  will  flow  in  the  armatures. 
During  this  test  the  current  and  voltage  will  be  nearly 
90  degrees  out  of  phase,  giving  a  power-factor  of  ap- 
proximately zero. 

The  in-phase  or  power  component  of  the  current 
multiplied  by  the  voltage  is  the  power  necessary  to  sup- 
ply the  losses.  This  component  of  the  current  is  small, 
so  that  the  total  current  may  be  considered  as  being  at 
right  angles  with  the  voltage  so  far  as  its  effect  on  the 
results  of  the  test  is  concerned.  By  adjusting  the  fields, 
readings  of  voltage  and  corresponding  field  current  on 
the  machine  under  test  are  taken  at  several  different 
points,  the  armature  current  being  held  constant.  These 
readings  are  plotted  as  shown  in  Fig.  i.  It  is  impossible 
to  lower  the  voltage  beyond  a  certain  point  and  still  ob- 


tain satisfactory  readings,  due  to  the  tendency  of  the 
machine  to  become  unstable  and  to  fall  out  of  step. 
However,  the  zero  voltage  point  on  this  curve  may  be 
found  from  the  short-circuit  saturation  curve  by  consid- 
ering that  when  the  machine  is  short-circuited,  it  is  oper- 
ating at  zero  voltage  and  is  supplying  a  circuit  of  practi- 
cally zero  percent  power-factor.  Therefore,  the  field 
current  necessary  to  circulate  full-load  current  on  short- 
circuit  is  also  the  field  current  at  which  the  zero  percent 
power-factor  curve  reaches  zero.  The  lower  part  of  the 
curve  in  Fig.  i  is  drawn  parallel  to  the  no-load  satura- 
tion curve  and  through  the  zero  point  found  as  explained 
above. 

It  is  interesting  to  note  that  the  full-load  saturation 
curve  for  100  percent  power-factor  or  for  any  other 
power-factor  coincides  with  the  zero  percent  power- 
factor  curve  at  the  zero-voltage  point.  The  reason  for 
this  becomes  obvious  when  it  is  considered  that  the  sat- 
uration curves  are  taken  or  calculated  for  a  given  exter- 
nal power-factor  and  not  for  the  internal  power-factor. 
If  the  power-factor  of  a  load  is  held  at  100  percent  and 
the  voltage  is  lowered  until  the  internal  drops  are  large 
compared  with  the  external  drop,  the  power- factor  of 
the  total  circuit,  including  the  generator  itself,  becomes 
less  than  100  percent.  At  the  zero-voltage  point,  the  ma- 
chine is  short-circuited  and  there  is  no  external  load,  so 
that  the  internal  power-factor  is  then  dependent  only 
upon  the  resistance  and  reactance  of  the  generator  and 
is  approximately  zero. 

SATUR.\TI0N  CURVES  AT  VARIOUS  LOADS 

To  maintain  normal  voltage  when  the  machine  is 
loaded,  a  higher  value  of  field  current  is  necessary  than 
at  no-load;  or,  with  the  same  excitation,  the  voltage 
drops  off  as  load  is  added.  This  drop  in  voltage  has  two ' 
causes,— first,  the  drop  due  to  the  resistance  and  react- 
ance of  the  windings,  and  second,  the  demagnetizing 
effect  of  the  armature  current. 

The  reactance  drop  is  best  thought  of  as  a  voltage 
induced  in  the  winding  by  the  leakage  flux  in  the  arma- 
ture—that flux  which  links  with  the  armature  conductors 
only  and  does  not  pass  through  the  main  magnetic  cir- 
cuit. This  leakage  flux,  being  in  phase  with  the  arma- 
ture current  by  which  it  is  set  up,  induces  a  voltage— the 
reactance  drop— which  is  at  right  angles  with  the  arma- 
ture current.  This  drop  must  be  subtracted  vectorially 
from  the  voltage  which  is  generated  by  the  main  flux  m 
order  to  obtain  the  terminal  voltage. 

The  other  cause  of  the  decrease  in  vohage  is  the  de- 
magnetizing effect  of  the  armature  current.  The  arma- 
ture currents  set  up  a  field  which,  as  in  an  induction 
motor  primary,  travels  over  the  armature  at  synchronous 
speed  and  is,  therefore,  stationary  with  respect  to  the 
poles.  The  strength  of  this  field  varies  with  the  current, 
and  its  position  under  the  pole  varies  with  the  power- 
factor  at  which  the  machine  is  operating.  At  100  per- 
cent power-factor  the  magnetomotive  force  of  the  arma- 
ture is  a  maximum  between  the  poles  and  has  little  or 
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no  effect  on  the  main  field  other  than  to  distort  it.  At 
zero  percent  power-factor  it  is  a  maximum  directly 
under  the  center  of  the  pole  and  greatly  reduces  the 
main-field  flux.  Consequently,  there  is  a  reduction  in 
generated  voltage  unless  the  main  flux  is  increased. 
Therefore,  the  demagnetizing  effect  is  dependent  upon 
the  current  and  power-factor  and,  regardless  of  the 
voltage  at  which  the  machine  is  operating,  approxi- 
mately the  same  increase  in  field  current  is  necessary  to 
compensate  for  the  effect  of  a  given  current  and  power- 
factor. 

With  the  no-load  saturation  ciu've  it  is  possible  to 
obtain  the  saturation  curve  at  any  load  and  power-factor 
by  taking  both  of  these  actions  into  consideration.  Re- 
ferring to  Fig.  2,  the  no-load  saturation  curve  OLB  is 
given,  while  a  saturation  curve  at  full-load  zero  percent 
power-factor  is  desired.  Neglecting  the  resistance  drop, 
which  has  very  little  effect  at  low  power- factors,  this 
may  be  found  as  follows: — From  AB,  the  voltage  from 
the  no-load  saturation  curve  at  field  current  OA,  sub- 
tract the  reactance  drop.  Since  at  zero  percent  power- 
factor  the  reactance  drop  is  in  phase  with  the  voltage, 
the  subtraction  may  be 
made  directly  from  AD. 
Let  EC  represent  the  re- 
actance drop  ;  then  AC  'n 
the  terminal  voltage.  It  is 
now  necessary  to  add  to 
the  field  amperes  a  suf- 
ficient amount,  CD,  to 
compensate  for  the  de- 
magnetizing action ;  D  is 
therefore  a  point  on  the 
saturation  curve  at  full- 
load,  zero  percent  power- 
factor.  Other  points  can 
be  found  in  a  similar 
manner  and  the  complete 
curve  drawn  in. 
This  is  all  on  the  assumption  that  the  no-load  satur- 
ation curve  only  is  known  and  that  the  reactance  and  de- 
magnetizing action  have  been  calculated  or  assumed.  If, 
however,  the  full-load,  zero  percent  power-factor  satura- 
tion curve  is  known  also,  then  this  method  may  be  used 
to  check  the  calcvflated  values  of  reactance  drop  and  de- 
magnetizing action.  Referring  again  to  Fig.  2,  lay  off  a 
distance  equal  to  OM  (the  distance  from  the  origin  to 
the  zero  percent  power-factor  curve)  along  the  normal 
voltage  line  from  N ,  giving  the  point  K.  Draw  KL  par- 
allel to  the  straight  part  of  the  no-load  curve.  Where 
this  intersects  the  no-load  curve  draw  a  line  to  A''.  Then 
LP  represents  the  drop  in  the  machine  and  PN  repre- 
sents the  field  amperes  necessary  to  compensate  for  the 
demagnetizing  action  when  full-load  current  at  zero  per- 
cent power-factor  flows.  The  distance  between  the 
curves,  measured  along  lines  parallel  to  LN,  should  be 
the  same  everywhere  along  the  curve,  provided  the  test 
results  are  accurate. 
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FIG.  2 — METHOD  OF  OBTAINING  S.\T- 

URATION   CURVES   AT   DIFKERENT 

LOADS  AND  POWER-FACTORS 


Points  on  the  saturation  curve  for  full  load  and 
any  other  power-factor  may  be  found  by  subtracting  the 
reactance  drop  from  the  no-load  voltage  (vectorially,  at 
the  proper  angle)  and  adding  to  the  field  amperes  a  suf- 
ficient amount  to  compensate  for  the  demagnetizing 
effect  at  that  power-factor.  This  quantity  is  found  by 
multiplying  the  field  amperes  necessary  to  compensate 
for  the  demagnetizing  action  at  zero  percent  power- 
factor  by  the  sine  of  the  phase  angle  between  voltage  and 
current. 

The  total  decrease  in  voltage  which  occurs  when  a 
machine  is  loaded,  and  which  is  caused  by  the  reactance 
drop  and  demagnetizing  eft'ect  of  the  armature  current, 
may  be  considered  as  all  due  to  the  reactance  in  the  wind- 
ings. Since  the  effect  of  the  true  reactance  drop  in  de- 
creasing the  terminal  voltage  varies  approximately  with 
the  sine  of  the  angle  between  voltage  and  current,  and 
the  decrease  in  voltage  due  to  the  demagnetizing  action 
varies  approximately  with  the  sine  of  the  same  angle,  the 
total  drop  in  voltage  will  vary  approximately  as  if  it 
v/ere  all  caused  by  an  increased  reactance  in  the  wind- 
ing. This  fictitious  reactance  which  is  assumed  to  cause 
the  entire  decrease  in  voltage  is  called  the  synchronous 
reactance  of  a  machine. 


!         1 

'HTr^ 

/ 

xV[ 

^  A'^\ 

1/ 

7 

/?^v      i        i 

» 

\f 

i 

B 

^ 

\ 

/i 

1    /!  ; 

0           i            1         A 
\                F.tljl  Amp 

„„ 

FIG.   3 — METHOD   OP   DETERMINING    EXCITATION    AT   ANY    LOAD 

The  following  method  for  finding  the  excitation  at 
any  load  is  based  on  a  consideration  of  synchronous 
reactance.  With  the  saturation  curves  for  no-load  and 
for  full-load  zero  percent  power-factor  given,  the  field 
current  for  any  voltage  at  any  load  can  be  determined 
as  follows: — Suppose  that  the  field  current  at  normal 
voltage  with  full-load  80  percent  power-factor  is  desired. 
Lay  off  the  lines  MN  and  MK,  as  shown  in  Fig.  3,  in- 
definite in  length  and  so  that  the  angle  6  is  that  angle 
whose  cosine  is  0.80.  Then  lay  oft'  a  distance  equal  to 
EC  from  M  along  MN,  giving  the  poinf  P.  From  P  lay 
off  a  distance  equal  to  AC,  so  as  to  give  the  point  Q  on 
the  line  MK.  Then  lay  off  a  distance  equal  to  MQ  from 
A  along  AC,  giving  the  point  S.  This  point  then  is  a 
point  on  the  saturation  curve  at  full-load  80  percent 
power-factor.  Points  are  determined  for  two  or  three 
field  currents  in  a  similar  manner  and  a  section  of  the 
curve  is  drawn  in.  The  field  current  necessary  at  nor- 
mal voltage  can  be  determined  from  the  intersection  of 
this  curve  with  the  normal  voltage  line.  The  procedure 
for  determining  the  field  current  at  full  load  and  any 
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other  power- factor  is  the  same,  except  that  the  angle  d 
is  made  such  that  its  cosine  is  the  given  power-factor. 

If  the  excitation  is  desired  at  any  other  load,  a  zero 
percent  power-factor  curve  at  that  load  is  first  deter- 
mined. This  is  done  by  locating  points  between  the  no- 
load  and  full-load  curves,  such  that  their  distances  from 
the  no-load  curve  are  in  the  same  ratio  to  the  distance  be- 
tween curves  as  the  required  load  is  to  full  load,  these 
distances  being  measured  along  lines  parallel  to  XY. 
With  the  zero  percent  power- factor  curve  at  the  given 
load  plotted,  the  determination  of  the  curves  for  that 
load  and  any  other  power-factor  is  the  same  as  is  given 
above  for  the  full-load  curves. 

SHORT-CIRCUIT    CURRENT 

When  a  generator  is  short-circuited  the  first  rush  of 
current  is  always  of  a  higher  value  than  the  final  steady 
current  which  flows  after  the  first  few  cycles.  The  mag- 
nitude of  the  first  few  waves  is  usually  of  greater  inter- 
est, since  upon  it  depends  the  mechanical  shock  to  which 
the  windings  are  subjected.  The  value  to  which  the  first 
current  wave  will  rise  can  be  determined  only  from  oscil- 
lograph tests  taken  during  an  actual  short-circuit.  If  the 
generator  is  known  to  be  able  to  stand  the  effect  of  the 
first  rush  of  current  it  may  be  of  interest  then  to  know 
the  value  of  the  sustained  or  final  current  which  will 
flow  on  short-circuit,  for  it  is  this  current  which  will 
determine  the  heating  of  the  machine  if  the  short-circuit 
exists  for  any  appreciable  length  of  time.  The  value  of 
this  current,  for  a  given  machine,  depends  upon  the  ex- 
citation only  and  can  be  found  from  the  short-circuit 
saturation  curve  at  the  point  corresponding  to  the  value 
of  field  current  flowing  when  the  machine  is  short- 
circuited. 

TEMPER.\TURE   TESTS 

There  are  a  number  of  methods  of  loading  an  alter- 
nating-current machine  for  temperature  tests,  the  ideal 
way  being  to  load  it  under  the  same  conditions  as  those 
under  which  it  is  to  operate  when  in  actual  service.  In 
many  cases  this  necessitates  an  expenditure  of  full-load 
power  for  several  hours,  which  is  a  considerable  item 
of  expense  in  testing  large  generators.  Moreover,  the 
necessary  equipment  for  handling  the  load  may  not  be 
available.  For  these  reasons  a  compromise  test  is  usually 
made,  the  one  most  generally  used  being  the  zero  percent 
power-factor  test.  For  this  test  the  machine  is  operated 
in  parallel  with  another  alternating-current  machine,  as 
in  taking  the  zero  percent  power-factor  saturation,  and 
the  fields  are  adjusted  until  full-load  current  at  approxi- 
mately zero  percent  power-factor  flows  in  the  armatures, 
the  voltage  being  held  at  its  normal  value.  The  machine 
under  test  should  be  the  one  that  is  over-excited.  The 
power  expended  during  this  test  is  that  which  is  needed 
to  supply  the  losses  of  the  machines  only. 

The  temperatures  of  the  core  and  armature  copper 
under  these  conditions  are  practically  the  same  as  when 
the  machine  is  operating  under  normal  conditions,  while 
the  field  copper  temperature  is  somewhat  higher  due  to 


the  increased  field  current.  The  temperature  of  the  field 
winding  under  normal  conditions  can  be  determined  ap- 
proximately from  the  results  of  this  test,  assuming  that 
the  heating  varies  as  the  loss  in  the  field.  This  loss 
depends  upon  the  square  of  the  current  and  upon  the 
resistance,  but  the  resistance  changes  with  change  in 
temperature.  These  facts  are  taken  into  account  in 
formula  (i)  : — 
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ti  =  temperature  rise,  in  degrees  C,  of  field  above  a  room  tem- 
perature of  *,  degrees  C,  corresponding  to  a  field  cur- 
rent /j. 
?j  =  temperature  rise,  in  degrees  C,  of  field  above  a  room  tem- 
perature of  ^3  degrees  C,  corresponding  to  a  field  cur- 
rent   /;. 

REGULATION 

If  the  load  is  removed  from  an  alternating-current 
generator  and  the  field  current  is  not  changed,  the  volt- 
age will  rise  to  some  definite  value.  This  increase  in 
voltage  expressed  as  a  percent  of  normal  voltage  is  the 
regulation  of  the  generator  at  that  load.  To  determine 
this  quantity  it  is  necessary  to  work  out  the  field  current 
required  for  the  given  load.  Then,  from  the  no-load  sat- 
uration curve,  the  open-circuit  voltage  corresponding  to 
that  field  current  can  be  found.  The  difference  between 
the  latter  voltage  and  the  normal  voltage  expressed  as  a 
percent  of  normal  voltage  is  the  regulation.  It  is  ap- 
parent that  a  generator  has  a  different  regulation  under 
each  condition  of  load  and  power-factor. 

EFFICIENCY 

The  accepted  method  of  obtaining  efficiencies  is  by 
the  separate  loss  method;  that  is,  the  different  losses  in 
the  machine  are  measured  or  calculated  and  added  to  the 
specified  output  to  give  the  input,  instead  of  taking 
actual  readings  of  power  put  in  and  power  taken  out 
while  the  machine  is  in  operation  and  carrying  load.  The 
separate  loss  method  gives  results  which  are  more  ac- 
curate than  those  obtained  by  input  and  output  readings, 
since  the  quantities  measured  in  taking  loss  tests  are 
small  and,  with  a  certain  percent  error  in  readings,  the 
error  in  efficiency  is  much  less  than  if  the  total  input  and 
output  were  measured.  The  losses  to  be  taken  into  ac- 
count are  armature  PR,  field  PR,  rheostat  loss,  core  loss, 
load  loss  and  friction  and  windage  loss,  which  are  deter- 
mined as  follows : — 

Armature  PR  =  (current  per  terminal)'  X  resistance  be- 
tween terminals  at  75  degrees  C.  X  number  of  phases  X  K. 

(where  K  =  0-5  for  three-phase,  K  ^  I  for  two-phase 
or  single  phase.) 

Field  PR  -j-  rheostat  loss  =;  exciter  voltage  X  field  current. 

Core  loss  is  taken  from  the  core  loss  curve  at  normal 
voltage. 

Load  loss  is  the  difference  between  the  total  short-circuit 
loss  at  the  given  armature  current  and  the  armature  PR  loss. 

Friction  and  ivindage  loss  is  measured  as  previously  ex- 
plained. 

Total  loss  =;  the  sum  of  all  the  losses. 
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Kilowatt  output  =  k.v.a.  load  X  power-factor. 

Kilowatt  input  =:  kilowatt  output  +  total  losses. 

100  X  kilowatt  output 

Percent  efficiency  ^=  TT 7r~- 1 

■"  •  kilowatt  uiput 

STARTING    TORQUE 

The  Starting  torque  of  a  synchronous  motor  is  deter- 
mined from  the  results  of  the  locked  saturation  test. 
With  the  rotor  locked  in  position,  a  low  voltage  is  ap- 
plied to  the  armature  winding  and  the  current  and  the 
power  input  are  rneasured.  Similar  readings  are  taken 
at  a  number  of  different  voltages,  the  highest  voltage 
being  such  that  it  will  not  cause  an  unduly  large  current 
to  flow  and  overheat  the  winding.  The  results  of  this 
test  are  plotted  in  the  form  of  curves,  as  shown  in  Fig.  4. 
During  starting,  the  synchronous  motor  acts  as  an 
induction  motor  and  is  subject  to  the  laws  under  which 
the  induction  motor  operates.  The  armature  forms  the 
primary  and  the  squirrel-cage  winding  in  the  pole  faces 
acts  as  the  secondary.  To  determine  the  starting  torque 
it  is  necessary  to  con- 
sider a  few  fundamental 
relations.  First,  power 
is  equal  to  the  product  of 
torque  and  speed.  When 
power  is  put  into  the  pri- 
mary a  certain  amount 
of  that  power  is  trans- 
mitted to  the  secondary 
through  the  magnetic 
field,  which  is  revolving 
at  synchronous  speed 
and  exerts  a  certain 
torque  upon  the  rotor. 
The  product  of  this 
torque  and  the  speed  at  which  the  field  rotates,  that 
IS,  synchronous  speed,  is  the  power  put  into  the  sec- 
ondary. Now  if  the  rotor  is  revolving  at  some  lower 
speed,  it  is  giving  out  an  amount  of  power  which  is  the 
product  of  the  torque  and  the  rotor  speed.  The  differ- 
ence between  the  power  put  in  and  the  power  given  out 
is  therefore  the  product  of  the  torque  and  the  slip  or 
difference  between  synchronous  speed  and  rotor  speed. 
This  part  of  the  power  is  converted  into  heat  in  the 
rotor.  When  the  rotor  is  locked  there  is  no  output,  since 
there  is  no  speed,  and  consequently  all  the  power  taken 
into  the  secondary  is  converted  into  heat.  However,  the 
field  still  exerts  a  torque  upon  the  rotor,  and  it  is  this 
torque  that  must  be  determined. 

As  pointed  out  above,  the  injiut  to  the  secondary  is 
equal  to  the  product  of  the  speed  of  the  magnetic  field 
(which  is  constant)  and  the  torque  exerted  by  it  upon 
the  rotor.  In  other  words,  the  secondary  input  is  always 
proportional  to  the  torque,  which  is  obtained  by  finding 
the  power  that  is  put  into  the  secondary  and  then  divid- 
ing that  power  by  the  synchronous  speed. 
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FIG.   4 — LOCKED    S.^TURATION 
CURVES 


The  values  of  current  and  kilowatt  input  correspond- 
ing to  the  voltage  which  is  to  be  applied  to  the  motor  in 
starting  are  taken  from  the  locked  saturation  curves. 
The  PR  loss  in  the  primary  is  then  calculated  from  the 
known  current  and  resistance.  This  loss  and  the  small 
core  loss  at  that  voltage  are  then  subtracted  from  the 
total  kilowatt  input,  giving  the  amount  of  power  that  is 
transmitted  to  the  secondary.  Then  knowing  the  sec- 
ondary input,  the  torque  can  be  determined  from  the 
equation : — 

Kw    ^  _  52S0 
0.746 


Torque  =: 


X 


{expressed  in  lbs.  at  i  ft.  radius) 


Syn.  speed 

This  is  often  expressed  as  a  certain  percent  of  full- 
load  torque,  in  which  case  the  following  relation  is 
used : — 

Kiv  X  100 
Percent  starting  torque  =0,7^6  x  hp  (rating  of  motor) 

The  method  given  for  finding  the  starting  torque  at  a 
certain  voltage  may  be  used  to  find  the  necessary  starting 
voltage  to  obtain  a  given  torque.  This  starting  voltage  is 
of  interest  when  starting  transformers  are  being  ap- 
plied. It  is  often  desirable  to  know  the  starting  voltage 
which  must  be  applied  to  a  motor  which  is  to  start  with- 
out load.  This  can  be  determined  by  applying  a  low 
voltage  to  the  armature  and  gradually  increasing  it  until 
the  motor  starts.  This  test  should  be  taken  for  a  number 
of  different  positions  of  the  rotor  with  respect  to  the 
stator  so  as  to  locate  any  dead  points  or  points  of  low 
torque,  if  such  exist.  The  current  at  starting  is  also 
measured,  as  it  must  be  known  in  order  to  apply  the 
proper  starting  transformer. 

PULL-IN    TORQUE 

The  pull-in  torque  of  a  synchronous  motor  is  a  meas- 
ure of  the  load  which  can  be  handled  by  the  motor  dur- 
ing the  period  at  which  it  locks  into  step.  The  motor  is 
run  as  an  induction  motor  and  is  belted  to  a  direct- 
current  generator.  With  a  certain  voltage  on  the  motor, 
the  generator  is  loaded  vmtil  a  point  is  foimd  at  which 
the  motor  is  just  able  to  pull  into  step  when  its  field  is 
excited.  Several  trials  are  necessary,  the  load  being  in- 
creased until  the  motor  cannot  pull  into  step,  and  then 
slightly  lowered  to  find  the  exact  load  at  which  it  will 
just  pull  in.  Readings  are  taken  at  several  different 
voltages.  The  actual  output  of  the  motor  is  then  found 
by  adding  the  direct-current  generator  output  and  the 
generator  losses.  From  this  motor  output  the  torque  is 
found  from  the  formula  : — 

Kzv  X  5250 
Pull-m  torque  =  g.-^^  ^  r.p.m  {before  pull-in) 

(where  kw  is  the  output  of  the  motor  when  carrying  the 
largest  load  which  it  is  able  to  pull  in  at  a  given  voltage) . 
This   may   be   expressed   as   a  percent   of    full-load 
torque  by  using  the  following  formula  : — 

Kiv  X  synchronous  speed 


Percent  pull-in  torque 


tip  X  0.746  X  r.p.m.  (before  pull-in) 
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IN  THE  manufacture  of  armature  coils  in  large  quan- 
tities a  simple,  accurate  and  cheap  method  of  con- 
struction should  be  used.  It  is  also  important  that  the 
tools  for  duplicating  coils  already  in  service  be  kept,  in 
order  that  repair  coils  may  be  supplied.  The  repairing 
of  a  motor  or  generator  with  damaged  windings  is,  as  a 
rule,  made  by  the  customer  in  his  own  repair  shop  or  in 
some  nearby  service  station.  It  is  desirable,  therefore, 
that  the  process  of  rewinding  be  made  as  simple  as  pos- 
sible. The  coils  should  be  made  so  that  they  can  be 
wound  readily  into  the  core  before  the  machine  is  deliv- 
ered. There  should  then  be  no  difficulty  in  repairing 
damaged  windings,  for  duplicate  coils  can  be  obtained 
from  the  factory. 

There  are  three  general  methods  of  making  coils  for 
commercial  use,  namely,  on  a  mould,  on  a  former  or 
on  a  puller.  The  term  "mould  coils"  is  commonly  used 
to  include  coils  made  over  a  form  which  can  be  rotated 
on  a  lathe,  but  turning  only  about  one-quarter  of  a  revo- 
lution at  a  time,  all  necessary  shaping  being  done  witli 
very  little  pounding  of  the  conductors.  The  term 
"formed  coils"  is  usually  meant  to  include  those  coils 
made  over  a  stationary  form,  all  necessary  bends  being 
made  by  the  use  of  levers  and  mallets  and,  in  general, 
considerable  force  must  be  applied  to  make  the  coils  take 
the  required  shape.  The  term  "pulled  coils"  include.^ 
those  coils  which  are  first  wound  on  a  shuttle  fastened 
to  a  lathe,  and  then  pulled  on  a  coil  puller  to  the  shape 
required  for  winding  into  the  slots. 

In  comparing  the  different  methods  of  winding  coils 
it  will  not  be  necessary  to  consider  the  insulation,*  as  thi.s 
makes  very  little  difference  in  the  method  employed  in 
making  the  coil.  The  general  method  of  designing  coils 
is  also  the  same  for  any  type.+  However,  on  account  of 
the  fact  that  a  more  accurate  coil  can  be  made  on  a 
former  than  on  a  puller,  the  formed  coil  is  laid  out  with 
the  intention  of  having  all  parts  of  the  coil  wind  tiic 
same;  that  is,  to  have  the  top  side  of  the  coil  wind  as 
tight  as  the  bottom  side.  This  is  impossible  with  a 
pulled  coil.  The  top  side,  or  side  away  from  the  air-gap, 
always  winds  looser  than  the  bottom  side,  or  the  side 
nearest  the  air-gap. 

MOULDED  OK   FORMED  COILS 

Moulds  are  made  of  wood  and  fiber.  These  ma- 
terials are  cheap  and  are  easily  worked  into  the  right 
shape  and  the  fiber  is  tough  enough  to  stand  the  wear  at 
the  bends.  The  frame  or  body  of  the  mould  is  made  of 
wood.  The  wire  space,  or  the  grooves  into  which  the 
coil  is  wound,  is  cut  into  the  wood  or,  as  is  the  case  at 
bends,  it  is  built  up  of  fiber  plates  or  strips.    This  wire 

*The  insulating  of  coils  has  been  covered  by  Mr.  J  L 
Rylander  in  the  Journ.\i.  for  Dec,  '15,  p.  558. 

tFor  information  regarding  the  design  of  coils  see  article 
by  Mr.  G.  E.  Miller  in  the  Journ.m,  for  Jan.,  '11,  p.  94. 


space  is  made  so  that  the  coil  wound  in  it  will  have  the 
correct  shape.  The  moulds  when  in  use  are  bolted  on  to 
the  face  plate  of  a  lathe  so  that  they  can  be  rotated,  thus 
winding  up  the  coil.  The  moulds  for  one-coil-per-slot 
windings,  for  concentric  windings  and  for  diamond-type  • 
coils  wound  with  a  loose  formation,  (so-called  "basket 
coils")  are  made  so  that  the  coil  can  be  wound  up  with- 
out cutting  the  wire,  the  wire  space  on  these  moulds 
being  made  of  such  a  size  as  to  give  the  finished  coil  a 
dimension  that  will  permit  its  being  wound  readily  into 
the  slot. 

The  moulds  for  diamond-type  coils,  where  a  certain 
definite  formation  of  the  conductors  in  the  slots  is  re- 
quired, are  made  different  from  the  above  type  of 
moulds.  In  the  latter  case  the  coils  are  wound  in  layers 
and  turns.  If  the  wire  space  were  made  the  size  of  the 
finished  coil  it  would  be  a  very  difficult  operation  to  keep 
each  wire  in  its  proper  place  while  winding  the  coil,  as 
the  bends  place  the  strain  first  on  one  side  of  the  wire 
space  and  then  on  the  other.  To  avoid  this  the  moulds 
are  made  for  only  one  wire  in  width  at  a  time,  and  the 
coil  is  then  wound  up  into  sections,  each  having  the 
same  number  of  turns.  The  wire  is  cut  after  each  sec- 
tion is  wound  and  lied ;  the  mould  is  opened  and  the  sec- 
tion is  removed,  the  moulds  being  made  so  that  the  sec- 
tions can  be  removed  without  distorting  them.  After 
winding  the  required  number  of  sections  these  are  as- 
sembled and  connected  to  form  a  complete  coil.  This 
method  often  necessitates  having  a  number  of  soldered 
joints  in  the  coil,  which  is  an  objectionable  feature,  but 
it  is  one  that  cannot  be  avoided  on  the  mould. 

Round  wire  is  the  only  shape  that  can  be  used  under 
all  conditions  on  a  mould  with  any  degree  of  safety.  The 
shar])  bends  that  are  made  cause  square  wire  or  ribbon  to 
turn  up  on  edge  and  the  insulation  on  the  wire  is  cut 
through,  causing  a  short-circuit  in  the  coil. 

The  chief  disadvantage  in  connection  with  the  use 
of  moulds  is  the  space  required  for  storage.  A  new 
mould  has  to  be  made  for  each  new  coil,  and  these 
moulds  must  be  kept  to  supply  repair  coils.  This  means 
that  storage  must  be  found  for  all  these  moulds.  It 
therefore  soon  becomes  a  very  great  problem  to  find 
room  for  the  vast  number  of  moulds  that  are  the  results 
of  an  ever-increasing  demand  for  new  motors,  each  re- 
quiring some  slightly  different  coil. 

Formers  have  to  be  made  very  much  stronger  than 
moulds  as  a  rule,  because  the  coils  are  pounded  to  shape 
on  them.  For  heavy  strap  where  great  force  is  required 
the  formers  are  made  of  iron,  which  increases  their  cost 
very  materially.  In  order  to  avoid  this  expense,  where 
possible,  wooden  formers  are  used  which  are  strength- 
ened at  the  bends  with  pieces  of  iron.  In  this  way  a 
very  durable  former  can  be  made,  and  one  that  can  be 
changed  more  easily  in  case  such  a  change  is  necessary  to 
give  a  better  coil. 
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The  strap  or  ribbon  to  be  wound  on  the  former  is 
cut  to  the  required  length  and  then  bent  around  a  pin  the 
size  of  which  is  governed  by  the  size  of  the  copper  and 
also  the  voltage.  In  most  cases  this  is  the  only  bend  that 
is  made  in  the  copper  before  being  placed  on  the  formers. 
However,  in  some  cases  where  very  heavy  strap  is 
used  and  the  bends  are  comparatively  sharp,  the  strap  is 
bent  to  the  general  shape  before  being  placed  on  the  for- 
mer, and  then  by  means  of  levers  and  a  mallet  the  strap 
is  forced  to  take  the  shape  of  the  former. 

Very  accurate  coils  can  be  made  on  the  former.  In 
the  first  place  the  coils  have  been  laid  out  on  a  drawing 
board,  and  in  this  way  the  dimensions  are  obtained  for 
the  best  coil  for  the  conditions.  With  a  former  made  to 
these  dimensions,  all  coils  in  the  set  will  be  correct  if  a 
reasonable  amount  of  care  is  taken  in  forming  them. 

A  formed  coil  has  the  advantage  of  having  a  very 
short  coil  extension  because  of  the  fact  that  all  parts  of 
the  coil  are  formed  so  as  to  use  the  minimum  length  of 
copper.  By  coil  extension  is  meant  the  distance  between 
the  ends  of  the  coils  and  the  core.  As  the  overall  dimen- 
sions of  the  machine  are  very  materially  efifected  by  this 
extension,  it  is  sometimes  worth  the  difference  in  ex- 
pense to  use  a  formed  coil,  when  another  type  of  coil 
would  have  otherwise  met  the  requirements. 

PULLED    COILS 

The  first  operation  in  making  pulled  coils  is  the  wind- 
ing of  the  coils  on  the  shuttle.  A  shuttle  is  made  of 
wood  and  fiber.  The  center  block  around  which  the  coil 
is  to  be  wound  is  made  the  length  of  the  straight  coil. 
The  width  is  determined  by  the  diameter  of  the  fiber 
pins  at  each  end.  The  diameter  of  these  pins  depends 
upon  the  voltage,  the  size  of  the  conductor,  and  upon 
general  conditions  encountered  in  winding.  The  thick- 
ness of  the  center  block  depends  upon  the  width  of  the 
coil. 

The  sides  of  the  shuttle  are  cut  longer  and  wider  than 
the  center  block,  so  that  when  assembled  it  leaves  a  slot 
into  which  the  coil  may  be  wound.  The  center  block  is 
fastened  on  one  of  the  wooden  side  pieces,  which  is  se- 
cured to  the  lathe.  The  other  side  is  secured  by  the  fiber 
pins  at  the  end  of  the  center  block  and  by  a  steel  pin  on 
the  face  plate  which  extends  out  through  the  removable 
side.  This  center  pin  has  a  slot  into  which  a  wedge- 
shaped  key  is  driven,  holding  the  side  up  tight.  These 
shuttles  are  very  cheap  as  compared  with  the  cost  of  a 
mould  or  a  former.  They  can  easily  be  adjusted  for  a 
new  coil  by  adding  a  new  center  block  and,  because  thev 
are  cheap  and  can  be  used  on  different  jobs,  it  is  not 
necessary  to  store  them  after  the  coils  are  wound,  except 
for  standard  coils. 

The  use  of  the  shuttle  and  puller  eliminates  most  of 
the  soldered  joints  that  are  made  on  mould  coils.  Since 
the  coil  is  wound  on  the  straight  shuttle  and  pulled  after- 
wards, the  coil  can  be  wound  hit  or  miss,  or  in  layers 
and  turns,  without  cutting  the  wire. 

The  puller  gets  its  name  from  the  operation  which  it 
performs.    It  is  a  machine  so  designed  that  the  coils  taken 


from  the  shuttle  can  be  pulled  to  the  required  shape.  The 
straight  parts  of  the  coil  are  pulled  to  the  required 
angle  of  throw,  and  at  the  same  time  are  given  the  cor- 
rect bevel  for  winding  into  the  slot.  The  diamond  ends 
of  the  coil  are  kicked  up  to  the  required  height  to  give 
the  correct  winding  angle.  A  skilled  operator  can  pull  a 
small  coil  in  two  minutes  or  less.  About  the  same  time 
is  required  to  tie  the  leads.  The  actual  time  required 
to  wind  the  coil  on  the  shuttle  and  then  pull  it  is  very 
much  less  than  that  required  to  wind  the  same  coil  on  a 
mould.  Take  for  example  a  coil  of  4  by  5  wires  per 
coil,  4  by  I  in  parallel.  This  means  that  the  coil  is  four 
wires  wide  by  five  wires  deep,  and  that  there  are  four 
wires  per  coil  in  parallel,  or  in  other  words,  that  it  is  a 
five-turn  coil.  On  a  mould  this  coil  would  be  wound  in 
four  sections  of  i  by  5  wires  per  section.  The  time  re- 
quired for  winding  one  of  these  sections  is  about  five 
minutes,  making  a  total  of  20  minutes  for  winding  the 
complete  coil,  since  there  are  four  sections  per  coil.  The 
time  required  for  assembling  and  tying  these  sections  is 
seven  minutes,  giving  a  total  of  27  minutes  for  winding 
the  complete  coil.  With  a  puller,  the  coil  will  be  wound 
on  a  shuttle  with  five  turns  of  four  wires,  five  minutes 
being  required  for  this  operation.  The  coil  is  then 
pulled  and  the  leads  tied  in  three  minutes.  This  makes 
a  total  of  eight  minutes  for  the  pulled  coil  against  the  27 
minutes  required  for  the  same  coil  on  a  mould. 

The  pulling  machine  is  also  adjustable  for  various 
sizes  of  coils.  By  simply  loosening  a  few  nuts  and  mak- 
ing a  few  adjustments  the  machine  is  ready  for  another 
job.  No  time  is  required  for  making  a  new  tool  and  no 
space  is  required  for  storing  the  tool  used  on  the  last  job. 
Within  certain  limits,  fixed  only  by  the  size  of  the  puller 
itself,  its  application  is  unlimited. 

CONCLUSION 

The  cost  of  coils  is  reduced  by  the  use  of  the  puller, 
first,  in  the  saving  in  time  and  material  required  for 
making  the  moulds  and  formers ;  second,  in  the  cost  of 
labor,  due  to  the  fact  that  less  time  is  required  to  make 
the  coils.  Shorter  delivery  dates  are  possible  because  of 
the  time  saved  in  the  development  and  manufacture  of 
moulds  and  formers  in  addition  to  the  time  saved  on  the 
coils.  The  puller  permits  the  use  of  shapes  of  con- 
ductors that  are  impractical  on  the  moulds  and  formers. 
Soldered  joints  inside  the  coils  may  be  avoided  in  many 
cases  by  the  use  of  the  pulling  machine.  Coils  can  be 
made  by  service  stations  without  having  to  have  moulds 
made  up  for  their  use,  and  in  this  way  save  much  time 
and  expense. 

On  the  other  hand,  the  former  gives  a  more  accurate 
coil,  requiring  a  slightly  shorter  mean  length  of  turn, 
thereby  saving  in  copper.  Irregular-shaped  coils  can  be 
made  on  a  former  that  would  be  impossible  on  the  puller. 

The  mould  must  be  used  for  one-coil-per-slot  wind- 
ings and  for  concentric  windings.  It  is  also  used  to  an 
advantage  on  very  small  coils  for  small  motors.  It  is 
generally  advantageous  to  use  a  former  or  a  puller  for 
all  other  cases. 
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CENTRAL  stations  with  polyphase  equipment  are 
often  called  upon  to  supply  single-phase  loads  in 
small  quantities.  In  general,  this  is  attended  with 
no  difficulty,  as  a  combination  of  a  large  number  of  small 
loads  ordinarily  results  in  a  fairly  balanced  total  load. 
When,  however,  the  individual  single-phase  loads  be- 
come relatively  large,  compared  with  the  total  capacity 
of  the  station,  both  the  voltage  and  current  unbalance 
of  the  system  resulting,  may  cause  serious  inconvenience 
and  it  becomes  necessary  to  provide  special  means  for 
handling  these  loads. 

SINGLE-PHASE   LOADS   SUPPLIED   DIRECTLY    FROM    A 
POLYPHASE    SYSTEM 

The  terminal  voltage  of  any  phase  of  a  generator 
when  carrying  load  is  the  resultant  of  the  induced  volt- 
age and  the  e.m.f.  necessary  to  force  the  current  against 
the  impedance  of  the  phase  winding.  It  is  evident,  there- 
fore, that  if  equal  currents  of  the  same  displacement 
flow  in  all  phases,  the  terminal  voltage  diagram  is  sim- 
ilar to  the  no-load  voltage  diagram,  with  all  e.m.f.'s 
rotated  through  the  same  angle ;  balanced  voltages  are 
therefore  maintained,  as  shown  in  Fig.  i.  If,  however, 
a  single-phase  load  is  applied,  the  terminal  voltages  of 
two  phases  only  are  affected  by  the  load  current  and  the 
resultant  triangle  of  terminal  voltages  is  distorted  from 
an  equilateral  or  balanced  triangle,  as  shown  in  Fig.  2. 

The  distortion  of  the  e.m.f.  diagrams  must  be  the 
same  for  all  generators  connected  to  common  bus-bars, 
and  for  all  feeders  leaving  these  bus-bars,  therefore,  the 
magnitude  of  the  impedance  drop  in  the  machines  is 
identical  for  all  units.  In  other  words,  the  unbalance  in 
load  distributes  itself  between  all  machines  connected  to 
the  system  inversely  in  proportion  to  the  impedance  of 
the  machine  plus  the  impedance  of  the  line  circuit  up  to 
the  point  of  application  of  the  unbalanced  load.  The  mag- 
nitude of  the  voltage  unbalancing  in  any  system  will  de- 
pend, therefore,  upon  the  relative  amount  of  balanced 
load  as  compared  with  the  unbalanced  portion.  Sym- 
metrical polyphase  machinery,  such  as  synchronous 
motors,  synchronous  converters  or  induction  motors,  will 
have  a  pronounced  balancing  elTect  on  a  system. 

In  addition  to  the  voltage  unbalance,  single-phase 
loads  on  polyphase  systems  may  produce  undesirable 
temperatures  in  certain  portions  of  the  polyphase  ap- 
paratus unless  such  apparatus  is  designed  to  carry  un- 
balanced loads.  When  the  heating  of  polyphase  ma- 
chines, due  to  unbalanced  conditions,  becomes  excessive, 
some  other  means  must  be  considered  for  supplying  the 
unbalanced  loads.    Two  means  are  the  use  of  separate 
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single-phase  generators,   or   the   use   of   auxiliary   ap- 
paratus to  restore  the  balance. 

SINGLE-PHASE   LOADS   SUPPLIED   FROM    SINGLE-PHASE 
GENERATORS 

The  generators  may  be  driven  by  motor,  if  the  load 
is  a  small  percentage  of  the  total  station  capacity ;  or 
they  may  be  steam  driven,  if  the  generators  are  of  suf- 
ficient output  to  warrant  it.  Choice  of  the  drive  is  largely 
to  be  determined  by  the  cost  of  the  plant  and  the  econ- 
omy of  operation.  The  main  advantage  in  the  use  of 
steam  drive  is  that  the  single-phase  load  of  the  station 
is  entirely  independent  of  the  main  system.  The  single- 
phase  generator,  as  ordinarily  built,  is  essentially  a 
three-phase  machine,  except  that  the  rotor  is  provided 
with  a  damper  or  a  squirrel-cage  winding  in  the  pole 
faces. 

The' first  requisite  of  any  constant-potential  machine 
is  that  the  magnetomotive  force  of  the  load  circuit  must 


FIG.    I  I-IG.   2 

fic.s.  I  and  2 — variations  in  voltace  triangle  due  to  balanced 

AND  TO  SINGLE-PHASE  LOADS 

not  change  the  main  flux  of  the  machine  so  long  as  the 
load  is  constant.  In  single-phase  generators,  therefore, 
where  the  m.m.f.  of  the  load  circuit  is  pulsating,  that  is, 
variable  in  magnitude  from  one  instant  to  the  next,  and 
is  also  variable  in  position,  with  respect  to  the  exciting 
circuit,  from  one  instant  to  the  next,  it  is  obvious  that 
>ome  other  m.m.f.  exists  of  such  value  at  all  instants 
as  to  produce,  in  combination  with  the  load  reaction,  a 
m.m.f.  of  constant  value  and  fixed  in  position  with  re- 
spect to  the  main  poles.  This  m.m.f.  is  supplied  by  cur- 
rents which  are  induced  in  the  damper  winding. 

To  illustrate  the  underlying  principle,  use  may  be 
made  of  the  well-known  mathematical  theorem  that  two 
vectors  of  equal  value,  rotating  in  opposite  direction  at 
equal  angular  velocity,  produce  a  sine  wave.  The  dia- 
grams shown  in  Fig.  3  are  drawn  under  the  assumption 
that  the  m.m.f.  distribution  of  the  armature  winding  is 
a  sine  wave.  A  little  consideration  will  show  that  if 
these  damper  currents  are  not  of  sufficient  magnitude  to 
completely  neutralize  the  pulsating  component  of  the 
armature,  the  main  flux  must  pulsate  at  doul)le  fre- 
quency.   Also,  that  if  the  resistance  to  the  flow  of  these 
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currents  is  high,  excessive  losses  may  occur  in  the  pole 
faces  of  the  machine.  This  latter  phenomenon  explains 
the  temperature  rise  which  occurs  in  polyphase  machines 
without  dampers  when  carrying  unbalanced  loads. 

There  are  some  advantages  in  considering  the  single- 
phase  generator  from  the  point  of  view  of  a  polyphase 
machine  having  an  unbalanced  load.  It  will  be  neces- 
sary, first  of  all,  to  accept  the  following  theorem,  the 
mathematical  proof  of  which  is  given  in  the  appendix 
and  a  graphical  proof  in  the  portion  of  this  article  de- 
voted to  phase  balancing. 

Any  unbalanced  three-phase  system  of  currents  or 
e.m.f.'s,  the  sum  of  whose  instantaneous  values  is  zero, 
may  be  resolved  into  two  component  balanced  polyphase 
systems,  one  of  zvhich  has  the  same  phase  rotation  as  the 
unbalanced  system  and  the  other  has  opposite  phase 
relation. 


FIG.   3 — MAGNETOMOTIVE   FORCE   DISTRIBUTION   DUE  TO   LOAD 
CURRENT    (A) 

B  and  C  are  vector  components  of  A  of  opposite  rotation. 
The  single-phase  load  may  be  considered  as  an  un- 
balanced three-phase  load  having  the  following  values  :— 
/,  =  0;  4  =  /;  73  =  — /;  h,  h  and  I^  being  the  vector 
values  of  the  line  currents  of  the  three-phase  system, 
and  I  being  the  vector  value  of  the  single-phase  load  cur- 
rent. This  system  of  currents  may  be  resolved,  as  shown 
in  vector  diagram  Fig.  9,  into  two  balanced  three-phase 
systems  of  currents  of  equal  amplitude,  one  of  which 
has  the  same  phase  rotation  as  the  generator  and  the 
other  has  opposite  phase  rotation. 

The  three-phase  component  of  normal  phase  rotation 
sets  up  a  synchronous  rotating  m.m.f .  in  the  main  wind- 
ing opposite  to  the  direction  of  rotation  of  the  main 
winding  relative  to  the  damper  winding  and  which  is, 
therefore,  stationary  relative  to  the  latter.    On  the  other 


hand,  the  counter-phase  rotational  component  sets  up  a 
synchronous  rotating  m.m.f.  which  has  the  same  direc- 
tion of  rotation  as  that  of  the  main  winding  relative  to 
the  damper  winding  and,  therefore,  the  field  set  up  by  it 
cuts  the  latter  at  double  synchronous  speed,  and  induces 
in  it  double-frequency  polyphase  currents,  which  produce 
a  rotating  counter  m.m.f.  approximate  in  value  to  the 
m.m.f.  set  up  by  the  counter-phase  rotational  component 
of  current  in  the  main  winding ;  the  degree  of  approxi- 
mation being  proportionate  to  the  closeness  of  magnetic 
coupling  between  the  two  windings.  If  it  were  possible 
to  make  the  magnetic  coupling  perfect,  and  if  the  damper 
resistance  were  zero,  no  magnetic  flux  would  be  set  up 
by  the  counter-phase  rotational  component  and,  there- 
fore, the  unbalancing  in  the  terminal  e.m.f.  would  be 
due  only  to  the  IR  drop  in  the  main  windings. 

If  the  dampers  were  perfect,  the  exciting  field  wind- 
ing and  the  pole  faces  would  have  no  currents  induced  in 
them,  but  since  this  is  not  possible,  a  minute  amount  of 
double- frequency  current  will  be  set  up  in  the  pole  faces 
and  exciting  circuit.  In  machines  without  dampers  these 
circuits,  since  they  are  not  symmetrical  polyphase  cir- 
cuits, will  react  on  the  main  windings  in  an  undesirable 
manner  when  the  machines  are  carrying  unbalanced 
loads.  For  example,  a  counter-phase  rotational  m.m.f. 
induces  in  the  field  winding  a  double-frequency  single- 
phase  current,  the  m.m.f.  set  up  by  which  in  the  main 
field  windings  may  be  resolved  into  those  due  to  two 
equivalent  balanced  three-phase  systems  of  currents,  one 
of  which  reacts  so  as  to  reduce  the  resultant  m.m.f., 
while  the  other  sets  up  a  rotating  m.m.f.  of  double  syn- 
chronous speed  in  the  opposite  direction  to  that  of  the 
field  relative  to  the  main  windings.  The  latter,  there- 
fore, induces  triple-frequency  balanced  three-phase  cur- 
rents in  the  main  windings  of  the  same  phase  rotation  as 
the  fundamental.  These  currents  in  turn  react  on  the 
exciting  circuit  to  set  up  quadruple-frequency  currents, 
which  in  turn  will  react  on  the  main  windings  to  produce 
three-phase  quintuple- frequency  currents,  and  so  on. 
The  result  is  a  complete  train  of  three-phase  odd  har- 
monics of  the  same  phase  rotation  as  the  fundamental 
and  of  diminishing  amplitude  in  the  e.m.f.  of  the  main 
winding  of  the  machine.  One  particular  set  of  these  odd 
harmonics,  namely,  the  multiples  of  three,  because  they 
are  in  three-phase  relation  in  a  three-phase  system,  will 
produce  unequal  wave  forms  on  the  three  phases. 

From  the  foregoing  analysis  of  a  single-phase  gener- 
ator, it  appears  that  the  single-phase  impedance  is  made 
up  of  two  elements,  namely,  the  effective  impedance  of 
the  generator  considered  as  a  polyphase  machine  to  the 
symmetrical  three-phase  positive  rotational  component 
of  the  load,  and  its  effective  impedance  to  the  negative 
rotational  component  of  the  load.  The  former  is  the 
impedance  of  the  machine  to  a  symmetrical  polyphase 
current  of  positive  phase  rotation  (the  positive  rotation 
being  assumed  to  be  that  of  the  generator)  when  the 
machine  is  running  in  the  normal  direction  at  synchro- 
nous speed  with  zero  excitation.     The  latter  is  the  im- 
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pedance  of  the  machine  to  a  symmetrical  polyphase  cur- 
rent of  negative  phase  rotation  when  the  machine  is  run- 
ning in  the  normal  direction  at  synchronous  speed  with 
zero  excitation.  The  former  of  these  quantities  when 
used  in  calculation  of  voltage  is  afifected  by  the  saturation 
of  the  magnetic  circuit,  but  corrections  can  be  made  from 
the  no-load  saturation  curves  of  a  machine  for  any  de- 
sired degree  of  approximation.  The  latter  value  is  only 
slightly  affected  by  saturation,  especially  where  the 
damper  design  is  effective.  The  single-phase  impedance 
is  the  sum  of  the  two  impedances  between  neutral  point 
and  terminals,  combined  as  complex  quantities. 

The  effect  of  the  dampers  on  short-circuit  is  not  to 
increase  the  transient  value,  but  to  sustain  it.  Therefore, 
the  severity  of  a  short-circuit  on  a  machine  provided 
with  dampers  is  not  increased,  from  the  magnetic  stand- 
point, but  the  action  continues  for  a  longer  period. 

It  is  obvious  from  the  preceding  discussion  that  the 
single-phase  generator  may  also  be  used  as  a  polyphase 
generator,  if  so  designed,  and  will  be  of  superior  type 
to  the  standard  polyphase  machine,  especially  where  the 
polyphase  load  is  liable  to  be  unbalanced.  When  install- 
ing single-phase  steam-driven  generators,  the  possibility 
of  using  them  as  auxiliaries  for  the  polyphase  system 
may  be  worthy  of  consideration.  This  would  be  particu- 
larly the  case  if  the  peaks  of  the  single-phase  and  poly- 
phase systems  occur  at  different  periods. 

SINGLE-PH.^SE  LOADS  SUPPLIED  FROM   POLYPHASE  SYSTEM 
DIRECTLY,  BUT  THE  BALANCE  OF  THE  SYSTEM  MAIN- 
TAINED BY  MEANS  OF  AUXILIARY  APPARATUS 

As  Stated,  unbalanced  single-phase  loads  will  be  dis- 
tributed among  the  various  machines  connected  to  the 
system  in  inverse  ratio  to  the  impedance  of  the  machine 
and  the  circuit  up  to  the  point  of  unbalance.  If  a  ma- 
chine of  zero  impedance  were  connected  to  the  system, 
all  of  the  unbalanced  load  would  be  assumed  by  this 
unit.  Therefore,  to  produce  a  balancer,  it  is  only  neces- 
sary to  neutralize  the  impedance  drop  due  to  the  unbal- 
anced load.  It  is  possible  to  produce  the  equivalent  of 
zero  impedance  by  introducing  one  or  more  single-phase 
boosters  supplying  a  voltage  of  the  proper  magnitude 
and  phase  position  so  that  the  distorted  triangle  of  volt- 
ages will  be  restored  to  a  balanced  or  equilateral  triangle. 

It  is  evident  that  if  a  motor,  having  balanced  sym- 
metrical counter  e.m.f.,  is  connected  to  a  balanced  three- 
phase  system  it  will  absorb  balanced  load  from  the  sys- 
tem. If  all  unbalanced  loads  were  isolated  and  carried 
by  one  generator,  it  is  obvious,  as  explained  before,  that 
the  voltage  of  this  generator  would  become  unbalanced, 
as  shown  by  ABC,  Fig.  4.  The  problem  now  is  how  to 
connect  this  unit  to  the  balanced  system  without  permit- 
ting any  of  the  unbalanced  load  to  be  carried  from  the 
main  generator.  It  is  evident  that  by  adjusting  the  ex- 
citation of  this  generator,  so  that  the  terminal  e.m.f.  of 
any  phase,  for  example  AB,  is  equal  to  that  of  the  poly- 
phase system,  and  if,  in  series  with  the  terminal  C,  a 
single-phase  booster  be  connected  giving  an  e.m.f.  equal 


to  CD  and  of  the  direction  shown,  a  balanced  voltage  tri- 
angle can  be  produced  equal  to  that  of  the  main  system 
and,  if  this  machine  be  paralleled  with  the  main  system, 
no  redistribution  of  load  will  occur.  If  this  generator 
and  booster  were  driven  from  the  same  shaft,  it  would 
be  possible  to  remove  the  driving  power,  and  the  com- 
bined unit  would  act  as  a  motor-generator,  taking  bal- 
anced polyphase  power  from  the  system  and  delivering 
single-phase  energy  as  a  generator.  A  balancer  has, ' 
therefore,  been  produced  which  will  function  properly  so 
long  as  the  unbalanced  load  remains  fixed  in  magnitude 
and  phase.  If  the  phase  of  the  single-phase  load  sliould 
change  it  is  necessary  to  change  the  phase  of  the  booster 
with  respect  to  the  balancer,  and  if  the  magnitude  of  the 
load  should  change  it  will  be  necessary  to  change  the 
amount  of  boost  in  proportion.  The  resultant  single- 
phase  load  is  carried  across  terminals  AC,  Fig.  4,  and 
if  the  load  should  be  transferred  to  terminals  AB,  or 
BC,  the  booster  would  have  to  be  shifted  in  direction  120 
degrees  and  240  degrees,  respectively. 

It  is  also  possible  to  start  from  any  other  side  of  the 
triangle  and,  by  constructing  equilateral  triangles  with 
these  sides  as  a  base,  two  other  boosts  are  obtained, 
which  can  also  produce  the  necessary  balance.    It  is  evi- 


riG.  4  FIG.  5 

riGs.  4  and  5 — unb.-m.anced  voltage  triangle  ABC  changed  to 

A  BALANCED  TRIANGLE 

dent,  therefore,  that  in  place  of  any  one  of  these  three 
boosts,  such  for  example  as  CD,  two  boosts  of  equal 
voltage  and  180  degrees  phase  displacement  can  be  used 
if  these  boosters  are  connected  to  points  A  and  B  of  the 
triangle,  as  shown  in  Fig.  5.  Or  three  boosters  can  be 
used,  one  connected  to  each  corner  of  the  original  tri- 
angle. From  Fig.  4  it  will  be  seen  that  triangles  CDB 
and  ABB' are  similar  and  equal  and,  since  by  construc- 
tion the  sides  CB  and  EB  are  60  degrees  apart,  the  sides 
CD  and  AE  are  60  degrees  apart  and  the  e.m.f.'s  CD, 
AE  and  (by  a  similar  proof)  FB  are  120  degrees  apart 
and  all  equal  in  magnitude.  If  any  of  these  values  be 
reversed,  all  three  boosts  can  be  employed  to  produce  a 
balanced  triangle.  It  would  then  be  possible  to  combine 
all  three  booster  windings  on  a  single  armature,  which 
would  be  wound  e.xactly  like  a  three-phase  machine  ex- 
cept that  the  phase  displacement  of  the  terminal  voltages 
would  be  60  degrees  in  place  of  120  degrees. 

If  starting  out  with  the  triangle  ABC,  Fig.  6,  an  equi- 
lateral triangle  can  be  constructed  with  AC  as  a  base, 
the  boost  BD  can  be  replaced  by  two  boosts  AF  and  CE. 
and  the  equivalent  equilateral  triangle  BEF  will  be  ob- 
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tained.  If  from  point  £  a  line  £G  be  drawn  at  30  de- 
grees to  the  line  CE,  and  from  point  F  the  line  FH  be 
drawn  at  30  degrees,  it  is  apparent  from  the  figure  that 
with  B  as  an  apex  a  series  of  equilateral  triangles  can 
be  formed  by  measuring  equal  distances  from  points  E 
and  F,  respectively,  along 
the  lines  GE  and  FH. 

One  case,  which  is  of 
particular  interest,  is  when 
the  two  boosts  which  are 
determined  as  above  be- 
come parallel,  as  shown  in 
Fig.  6  by  ^/  and  CJ.  In 
this  case  the  boosts  are  at 
right  angles  to  the  line 
DB,  and  this  at  once  sug- 
gests the  possibility  of  re- 
placing them  by  a  balanced 
three-phase  system,  as  in- 
dicated by  the  triangle 
AIK.  It  has  been  shown 
by  the  construction  that  triangle  BU  is  equilateral,  and  it 
is  self-evident  that  if  10,  AO  and  KO  be  combined  suc- 
cessively with  IB,  I J  and  JB  that  an  equilateral  triangle 
would  be  obtained,  as  shown  by  OLM,  Fig.  7.  Also, 
the  construction  shows  that  AO,  CM  and  LB  drawn 
from  points  A,  B  and  C  produce  the  same  triangle. 

It  is  to  be  noted  that  AO,  CM  and  LB  are  all  respec- 
tively equal  to  one-third  of  the  length  BD.  Also  that 
these  three  boosts  form  a  balanced  three-phase  system, 
and  combine  with  AB,  EC  and  CA  to  produce  an  equi- 
lateral triangle  with  opposite  phase  rotations. 

It  has  been  shown  graphically,  step  by  step,  how  any 
unbalanced  triangle  of  voltages  can  be  forced  to  a  bal- 
anced triangle  by  various  combinations  of  single-phase 
boosters  using  one,  two  or  three  boosters  to  accomplish 
this  purpose.  The  solution  shown  in  Fig.  7  is  the  most 
general  for  the  three-phase  system,  and  can  be  stated  as 


fairly  balanced  polyphase  loads  at  the  central  station  bus- 
bars, the  voltage  at  the  ends  of  individual  feeders  may 
be  considerably  unbalanced.  It  is  proven  in  the  Appendix 
that  an  unbalanced  three-phase  e.m.f.  can  be  resolved 
into   two   balanced   three-phase   e.m.f. 's,   one   of   which 


FIG.   6— BALANCED   RESULTANT 
TRL^NGLE 

Obtained  from  unbalanced  volt- 
age triangle  ABC  by  resolv- 
ing boost  BD  into  two 
components. 


FIG.   9— SINGLE-PHASE  LOAD   ON    PHASES   A,  B    AND    C, 
RESPECTIVELY 

Resolved  into  two  balanced  three-phase  components  of  positive 
and  negative  phase  rotation. 

is  of  opposite  phase  rotation  to  that  of  the  system.  If, 
therefore,  at  a  distributing  point,  a  polyphase  booster  be 
connected  in  series  in  the  feeder  lines,  with  phases  in 
opposite  rotation  to  that  of  the  system,  and  if  provision 
be  made  for  changing  the  phase  position  and  magnitude 
of  the  booster  e.m.f.,  the  unbalanced  e.m.f.'s  at  this  point 
may  be  boosted  into  a  balanced  system.  Fig.  10  shows 
graphically  how  to  obtain  the  booster  e.m.f.  required  to 
balance  a  distorted  system.  Means  must  be  provided  to 
control  the  voltage  and  phase  angle  of  the  booster  ac- 
cording to  the  balancing  requirements.  This  may  be 
accomplished  by  special  regulators,  the  arrangement  of 
which  will  depend  upon  the  methods  used  to  adjust 
phase  and  voltage  in  the  booster. 

Where  both  current  and  voltage  are  seriously  unbal- 
anced, the  auxiliary  apparatus  must  be  such  as  to  supply 
the  elements  necessary  to  produce  balance  in  both  volt- 
age and  current.  It  has  already  been  pointed  out  that 
when  an  unbalanced  load  is  supplied  from  a  polyphase 
svstem,  all  the  polyphase  rotating  machinery  connected 


FIG.   7  FIG.  8 

FIGS.  7  and  8 — resultant  balanced  triangles  of  voltages 
Obtained  by  typical  combinations  of  boosters. 

follows : — Any  unbalanced  triangle  of  voltages  in  a 
three-phase  system  can  be  replaced  by  two  balanced 
systems  of  the  proper  magnitude  and  combined  at  the 
correct  phase  angle.  The  graphic  solution  of  a  given 
unbalanced  triangle  is  shown  in  Fig.  8. 

In  an  extensive  polyphase  system  it  frequently  hap- 
pens that,  while  the  aggregate  single-phase  loads  produce 


^<'c. 


FIG.    10 — UNBALANCED    THREE-PHASE    SYSTEM 

Resolved  graphically  into  two  balanced  systems  of  positive  and 
negative  phase  rotation. 

to  the  system  tends  to  keep  the  voltages  in  balance  and 
supply  current  in  such  a  manner  as  to  approach  a  condi- 
tion of  balance  at  the  bus-bars.  The  particular  element 
of  an  unbalanced  load  that  must  be  supplied  in  order  to 
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maintain  a  balanced  load  at  the  bus-bars  is  the  counter- 
phase  rotational  symmetrical  polyphase  component  of 
the  load. 

The  impedance  of  a  dynamoelectric  machine  to 
counter-phase  rotational  symmetrical  polyphase  currents 
may  be  made  extremely  low  by  the  addition  of  carefully 
designed  polyphase  dampers  or  squirrel-cage  windings. 
If,  in  addition,  auxiliary  means  be  provided,  externally, 
or  internally,  to  assist  the  natural  action  of  the  machine 
as  a  balancer,  its  admittance  to  the  counter-phase  rota- 
tional currents  may  be  made  infinite,  so  that  the  terminal 
e.m.f.  of  the  machine  will  be  absolutely  balanced  no 
matter  how  much  counter-rotational  current  it  may  be 
called  upon  to  supply. 

The  ability  of  an  unassisted  dynamoelectric  machine 
to  act  as  a  balancer  is  measured  by  its  impedance  to  the 
counter- phase  rotational  component  of  the  unbalanced 
load.  The  action  of  such  a  machine,  when  connected  to 
an  unbalanced  system,  is  to  supply  such  an  amount  of 
this  counter-phase  rotational  component  as  will  be  nec- 
essary to  pull  the  system  and  the  machine  into  the  same 
degree  of  unbalance.  The  voltage  balance  of  the  system 
is  thereby  improved  at  the  expense  of  the  voltage  balance 
of  the  machine.  The  voltages  that  cause  unbalance  al 
the  machine  terminals  are  the  impedance  drops  due  to  the 
counter-phase  rotational  current  supplied  by  the  ma- 
chine, and  are,  therefore,  counter-phase  rotational  and 
symmetrical.  One  way,  therefore,  of  assisting  the  ma- 
chine to  maintain  a  balance  is  to  supply  an  equal  and 
opposite  counter-phase  rotational  e.m.f.  in  series  with 
the  windings  by  means  of  a  booster,  and  this  will  render 
the  effective  impedance  of  the  machine  to  these  current 
zero. 

Since  with  varying  degrees  and  phases  of  unbalance 
the  impedance  e.m.f.  will  vary  in  degree  and  phase  posi- 
tion, the  external  source  of  e.m.f.  must  be  provided  with 
similar  adjustment  in  voltage  and  phase  position,  and  the 
apparatus  provided  to  control  these  adjustments  must 
respond  to  the  variations  of  unbalance  in  the  proper  de- 
gree. The  means  of  adjustment  for  an  auxiliary  ma- 
chine connected  rigidly  to  the  main  machine  may  consist 
of  two  field  windings  in  quadrature  relation,  connected 
to  separate  exciters.  This  will  permit  of  adjustment 
both  in  magnitude  and  phase  position  of  the  auxiliary 
machine  in  respect  to  the  main  machine. 

The  control  of  the  adjustment  of  the  auxiliary  ma- 
chine, with  various  degrees  and  phases  of  unbalancing,  is 
not  a  simple  problem  and,  until  it  has  been  satisfactorily 
solved,  a  perfect  phase  balancer  cannot  be  considered  as 
an  accomplished  fact.  The  essential  requirements  of  the 
regulating  apparatus  are : — 

/ — That  it  be  extremely  sensitive  to  voltage  differences. 
^— That  it  be  capable  of  adjustment  so  that  there  will  be 
no  hunting  between  the  control  elements. 

Whether  these  conditions  have  been  obtained  in  any 
installation  of  balancers,  up  to  the  present  time,  is  open 
to  question. 


Since  a  single-phase  e.m.f.  may  be  resolved  into  two_ 
balanced  polyphase  e.m.f. 's  of  opposite  phase  rotation, 
perfect  balance  may  be  obtained  by  one  single-phase 
booster  in  connection  with  the  main  machine.  One  com- 
ponent of  this  single-phase  voltage  must  be  the  coum^r- 
l)hase  rotational  component  required  to  balance  up  the 
terminal  voltages  of  the  main  machine.  The  other  com- 
ponent, which  is  of  the  same  phase  as  the  system,  is  pro- 
vided for  by  the  excitation  of  the  main  machine.  The 
single-phase  machine  may  be  arranged  so  that  its  mid- 
dle point  is  connected  to  the  neutral  of  all  hut  two  of  the 
windi'v-  '^  ';c  .:,...,  machine,  its  terminal  being  con- 
nected to  the  ends  of  the  two  remaining  windings  of  the 
main  machine,  which  would  otherwise  be  connected  to 
the  common  point,  and  it  should  be  mounted  on  the  same 
shaft  as  the  main  machine  and  be  provided  with  means 
for  changing  voltage  and  phase  with  respect  thereto. 

The  defect  of  such  a  system  lies  in  the  difficulty  of 
control  since,  with  the  changing  phase  of  unbalancing, 
the  excitation  of  the  main  machine  must  be  changed,  as 
well  as  that  of  the  au.Kiliary  single-phase  booster. 

A  modified  form  of  the  same  scheme  would  require 
a  number  of  single-phase  machines  of  the  same  phase, 
connected  between  the  neutral  point  and  each  phase  of 
the  main  machine,  the  complete  set  of  machines  being 
capable  of  simultaneous  phase  shifting,  and  each  ma- 
chine separately  having  full  voltage  control.  As  a  corol- 
lary, it  may  be  stated  that  any  system  of  unbalanced 
polyphase  e.m.f.'s  may  be  used  as  an  auxiliary  means  of 
producing  perfect  phase  balancing.  While  some  of  the 
schemes  outlined  may,  with  restricted  phases  of  unbal- 
ancing, offer  a  satisfactory  solution,  the  use  of  a  poly- 
phase main  machine  combined  with  a  polyphase  au.xil- 
iary  machine  is  the  simplest  solution  for  the  problem  of 
general  balancing,  and  all  practical  balancers  will  be 
based  upon  this  feature. 

A  convenient  way  of  regarding  the  phase  balancer  is 
to  consider  it  as  a  motor  taking  power  symmetrically 
from  the  polyphase  system  and  delivering  it  to  the  same 
system  as  single-phase  current.  The  motor  and  gener- 
ator actions  tend  to  counteract  one  another  in  any  poly- 
phase machine  provided  with  dampers,  and  when  the 
auxiliary  booster  is  added  the  annulment  is  complete 
after  the  auxiliary  tias  become  adjusted,  and  the  result- 
ant current  in  the  machine  is  the  sum  of  the  motor  and 
generator  currents  and  is  of  opposite  phase  rotation  to 
the  former. 

The  action  of  a  balancer  under  short-circuit  condi- 
tion will  depend  on  the  range  of  excitation  of  the  aux- 
iliary. For  the  initial  condition,  until  the  auxiliary  has 
had  time  to  adjust  itself,  the  main  machine  will  feed  into 
the  short-circuit  in  much  the  same  manner  as  any  other 
synchronous  machine  provided  with  dampers.  For  the 
steady  condition,  if  the  auxiliary  had  a  range  sufficient  to 
give  complete  balance  under  short-circuit,  the  full  poly- 
phase capacity  of  the  system  would  be  concentrated  in 
the  short-circuit  and  the  phase  balancer  would  neces- 
sarily  carry   a   counter-phase   rotational   load   of  equal 
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value.  In  other  words,  the  current  delivered  by  a  perfect 
balancer  under  short-circuit  condition  is  limited  only  by 
the  current  that  the  system  on  which  it  is  operating  can 
deliver  to  a  symmetrical  short-circuit. 

Practically  the  short-circuit  conditions  are  not  so  bad 
as  indicated,  because  the  limitation  in  voltage  of  the  aux- 
iliary machine  permits  of  perfect  balancing  only  up  to  a 
certain  point.  The  short-circuit  stresses  in  the  balancer 
will,  nevertheless,  be  much  more  severe  than  such  as 
would  be  obtained  in  a  generator  or  synchronous  con- 
denser of  the  same  size  operating  on  the  system. 

CONCLUSION 

\\'here  the  unbalanced  load  fluctuates  between  the 
different  phases  and  is  of  sufficient  magnitude  to  cause 
trouble,  a  phase  balancer  is  clearly  the  proper  solution 
of  the  problem. 

When  a  single-phase  load  is  to  be  carried  on  a  par- 
ticular phase  the  problem  becomes  one  of  relative  econ- 
omy and  reliability  in  service  of  the  balancer,  as  com- 
pared with  the  single-phase  generator.  The  main  ma- 
chine of  the  balancer  set  must  have  the  same  polyphase 
output  as  the  alternative  single-phase  machine,  and  must 
also  be  provided  with  dampers  of  equal  rating;  but  it 
must  also  be  capable  of  withstanding  the  more  severe 
short-circuit  conditions  due  to  its  balancing  action.  In 
the  balancer  there  is  very  little  torque  on  the  shaft  and, 
therefore,  the  mechanical  design  may  be  cheapened  and 
the  operating  speed  increased.  It  is  doubtful,  however,  if 
the  main  machine  of  the  balancer  set  can  be  made  much 
cheaper  than  a  single-phase  machine  of  the  same  output. 

The  auxiliary  machine  will  necessarily  be  costly  on 
account  of  the  double  set  of  poles  and  the  wide  range  of 
excitation  required.  Its  exciters  must  be  relatively  large 
in  capacity  so  as  to  provide  rapid  change  in  excitation 
from  full  positive  to  full  negative.  In  addition  there  will 
be  the  control  system,  which  is  complicated  and  costly. 
It  is  questionable  whether  this  portion  of  the  balancer 
set  can  be  made  for  much  less  cost  than  the  motor  re- 
quired for  the  equivalent  single-phase  machine. 

From  an  operating  standpoint,  there  is  much  to  be 
said  in  favor  of  single-phase  generation.  In  the  first 
place,  it  is  isolated  to  a  large  extent,  or  if  steam  driven, 
completely,  from  the  main  polyphase  system.  This  is  of 
distinct  advantage  if  the  single-phase  load  is  subject  to 
frequent  and  violent  interruptions.  In  the  second  place, 
the  short-circuit  condition  resulting  from  the  use  of  the 
single-phase  machine  will  be,  in  general,  much  less  severe 
and,  therefore,  less  apt  to  cause  trouble  and  prolonged 
interruptions  in  service  than  when  a  balancer  is  used. 

From  the  point  of  view  of  economy  of  operation, 
there  is  little  to  be  said  in  favor  of  one  over  the  other; 
the  balance  is  probably  in  favor  of  the  phase  balancer 
when  compared  with  the  motor-generator  set,  and  in 
favor  of  the  generator  when  it  is  steam  driven. 


An  unbalanced  three-phase  system,  in  which  the  sum  of  the 
mstantaneous  values   of   the  elements   is  zero,  can  be  resolved 


into  two  balanced  systems  of  .positive  and  negative  phase  rota- 
tion. 

In  a  three-phase  system  let  the  positive  and  negative  phase 
rotational  systems  be, — 


£i    =  El 
En   =   wEi 
£3    =    co»£i 


£1'    =  £1' 
£2'    =    u-  £/ 
£3'    =    CO  £i' 


Then 


Where  co  is  one  of  the  imaginary  cube  roots  of  unit\ 

if  Ea,  Eb  and  £c  be  the  unbalanced  e.m.f .  such  that,— 

£0  =  £1  -I-  £,' 

£6  =  £,  -h  £2' 

£<:   =   £3   -f  £3' 

With  the  condition,  Ea  +  Eb  +  Ec  =  o,  this  set  of  equations 
is  determinant  and  the  symmetrical  solutions  for  tlie  balanced 
components  are  as  follows, — 

r„  ^  Eb  +  ui'-  Ec  +  0)  Ea 
3 


El'-- 


Ea 

+   U-Eb  +   03  Ec, 

Ec 

3 

+  (j3-  Ec  +  03  Eb 

Ea 

3 

+   03  Eb  +   03^  Ec 

£, 

3 

:  +  03  Ea  +  03-  Eh 

Eb  -i-  03  Ec  +   0)2  Ea 


Applying  these  to  a  single-phase  load-  on  a  tliree-phase  sys- 
tem, if  L  he  the  value  of  the  current, — 


la  = 
lb  = 
Ic    = 


and,  therefore,- 


Ii     = 


Ii' 


+  7 


V3 


iVs' 


jVi 


6 

+  j  Vi 


/o 


Ea 

=    Ea        1 

Eb     =  Eb      \ 

Ec 

hbi 

=    03^-Ea\{l) 

Ec2     =     03'-Eb'f{2) 

Ea. 

Ec 

=    CO    Ea] 

Eai    =    CO  £6j 

Eb, 

Fig.  9  shows  in  a  vector  diagram  the  positive  and  negative 
phase  rotational  components  of  a  single-phase  load  of  equal 
magnitude  and  power-factor  on  each  phase  of  a  three-phase 
system.  The  component  of  the  same  phase  rotation  as  the  sys- 
tem remains  constant,  while  the  counter-phase  rotational  com- 
ponent changes  in  phase  through  120  degrees  with  each  change 
in  load  position. 

The  formulae  given  above  may  be  interpreted  as  follows  :— 
The  negative  phase  rotational  system  is  the  mean  of  the 
three  symmetrical  systems  obtained  by  taking  each  of  the  e.ra.f.'s 
Ea,  Eb  and  Ec  of  the  original  system  and  considering  it  as  a 
member  of  a  balanced  system.  This  results  in  the  three  sys- 
tems : — ■ 

Ec       I 
co=£cK3) 
CO  Ec] 

From  which  the  negative  phase  rotational  component  is 
obtained  by  taking  the  mean  of  the  three  quantities  in  the  three 
groups  having  the  same  sub-letter. 

Similarly   the   positive   phase    rotational   component   is   ob- 
tained by  taking  the  mean  of  three  symmetrical  systems  of  posi- 
tive rotation,  formed  from  the  elements  Ea,  Eb  and  Ec  of  the  un- 
balanced systems.    These  are  as  follows, — • 
£a     =  £a       1  Eb     =   Eb       \  Ec     ^   Ec 

Ebi    =    CO  £a[(4)  Ea    =    03  Eb\(s)  Eai    =   03  Ec\(6) 

Ea    =    co=  Ea]  Eai    =   03"-  Eb]  Ebi    =    co=  Ec] 

Then,  as  before,  each  element  of  the  component  of  positive 
phase  rotation  is  obtained  by  taking  out  of  each  group  the  ele- 
ments having  the  same  sub-letter  and  finding  their  mean  value. 

Fig.  10  illustrates  the  graphical  construction  required  to 
carry  out  the  operations  indicated  above.  Tlie  triangle  ABC 
represents  the  unbalanced  polyphase  system,  which  may  also 
be  represented  by  the  vectors  OA,  OB  and  OC  drawn  from 
the  centroid  O  of  the  triangle  ABC.  Two  circles  are  de- 
scribed with  O  as  center,  namely,  ACiC,  having  OA  as  radius, 
and  BC,C,  having  OB  as  radius.  In  the  circle  AC,C,.  OC  is 
taken  120  degrees  in  advance  of  OA  and,  therefore,  corresponds 
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to  OC  in  the  symmetrical  system  based  on  OA,  having  negative 
phase  rotation.  In  the  circle  BC^C,.  OC,  lags  120  degrees  be- 
hind OB  and,  therefore,  corresponds  to  the  vector  OC  in  the 
symmetrical  system  of  negative  phase  rotation  based  on  OB. 
The  corresponding  vector  Oj  of  the  symmetrical  negative  phase 
rotational  component  is  the  mean  between  the  vectors  OC,  OC^ 
and  OC2  and  is  obtained  by  drawing  a  line  from  O  to  the 
centroid  of  the  triangle  CC^C,,  that  is,  0$-  By  describing  a 
circle  with  radius  O3  and  center  O,  and  taking  points  /  and  2, 
respectively,  120  degrees  and  240  degrees  lagging  behind  3,  the 
complete  symmetrical  negative  phase  rotational  component  /, 
2  and  3  is  obtained. 


The  positive  phase  rotational  component  is  obtained  in  a 
similar  manner,  OC3  and  OCt  having  their  vectors  corresponding 
to  OC  in  symmetrical  positive  phase  rotational  systems  based 
on  OA  and  OB,  respectively.  The  vector  O3'  of  the  positive 
phase  rotational  system  corresponding  to  O3'  in  the  negative 
phase  rotational  system  is  the  mean  of  the  vector  OC,  OC,  and 
OC  and  is  obtained  by  drawing  a  line  from  O  to  /,  where  3'  is 
the  centroid  of  the  triangle  CC3C..  The  triangle  representing 
the  symmetrical  positive  phase  rotational  component  is  obtained 
by  drawing  the  circle  J,  2  3  with  O  as  center  and  O3  as  radius, 
the  points  /  and  .'  being  taken  respectively  120  and  240  degrees 
in  advance  of  3. 


II.  D.  J.\.Mi:s 

THE  following  article  represents  the  introduction  to  a  series  of  articles  on  "Industrial  Controllers"  which 
are  planned  for  the  coming  year.  Succeeding  articles  will  discuss  the  general  characteristics  and  funda- 
mental operating  principles  upon  which  all  controller  and  motor  operation  is  based ;  and  these  will  be  followed 
by  specific  examples  of  the  application  of  these  principles  to  controllers  for  various  kimh  nf  industrial 
work. —  [Ed.] 


PROPER  understanding  of  an  electric  controller  re- 
quires that  it  be  considered  as  a  part  of  the  motor ; 
the  controller  should  be  designed  to  take  care  of 
the  functions  not  incorporated  in  the  motor  design,  in 
order  to  enable  the  latter  to  operate  under  the  specified 
conditions  of  load.  Every  motor  has  certain  inherent 
characteristics  which  enable  it  to  adapt  itself  to  some  of 
the  conditions  encountered  in  practice.  In  many  cases, 
however,  the  motor  would  be  very  expensive  and  also 
very  inefificient  if  it  were  given  the  necessary  character- 
istics to  prevent  its  being  injured  or  to  prevent  injury 
to  the  load  during  the  cycle  of  operation.  The  func- 
tions usually  supphed  by  the  controller  are  as  follows : — 

TO  LIMIT  THE  CURRENT  DURING  THE  ACCELERATION 
OF  THE  MOTOR 

The  ohmic  resistance  of  a  motor  is  very  low,  so  that 
when  it  is  at  rest  a  very  large  current  would  be  drawn 
from  the  line  if  external  resistance  were  not  used  to  limit 
this  current.  As  the  motor  accelerates  it  develops  a 
counter  e.m.f.,  which  reduces  the  voltage  available  for 
causing  a  current  to  flow.  The  current  at  any  instant 
can  be  calculated  by  subtracting  the  counter  e.m.f.  from 
the  line  voltage,  and  dividing  the  result  by  the  ohmic  re- 
sistance in  circuit.  It  is  evident  from  the  above  that  as 
the  motor  increases  in  speed  the  starting  resistance 
should  be  reduced,  until  the  motor  is  finally  connected  to 
the  line  without  any  external  resistance.  The  short- 
circuiting  of  this  starting  resistance  can  be  done  in  sev- 
eral different  ways. 

Some  direct-current  motors  are  designed  to  be  accel- 
erated from  rest,  without  the  use  of  external  starting 
resistance ;  these  motors  are,  however,  for  use  in  partic- 
ular applications.  The  squirrel-cage  induction  motor,  in 
small  sizes,  can  also  be  started  by  connecting  it  directly 
to  the  line. 

TO  LIMIT  THE  TORQUE  DURING  ACCELERATION 

The  torque  of  a  motor  is  proportional  to  the  current 
multiplied  by  the  field  strength.     It  is  often  desirable  to 


start  a  motor  with  a  gradually  mcreasing  torque  ;  this  can 
easily  be  done  with  a  shunt  motor  by  starting  it  with  zero 
field  strength.  The  shunt  field  of  the  motor  is  connected 
to  the  line  at  the  same  time  as  the  armature.  Since  it 
takes  an  appreciable  time  for  the  field  to  build  tip  to  full 
strength,  the  torque  will  increase  gradually  and  give  an 
easy  start.  In  this  way  a  shunt  motor  can  be.  started 
with  twice  full-load  current,  or  even  greater  current,  and 
riOt  cause  a  shock,  or  jar,  to  the  motor  or  apparatus  to 
which  the  motor  is  connected.  A  series  or  compound 
motor,  started  in  the  same  way,  will  build  up  its  torque 
much  faster.  The  induction  motor  also  builds  up  its 
torque  rapidly.  No  motor,  however,  will  build  up  its 
field  strength  instantly,  so  that  it  is  not  likely  that  any 
type  of  motor  will  give  a  hard  shock  to  the  machinery  if 
it  is  started  with  zero  field  strength. 

TO  CHANGE  THE  DIRECTION  OF  ROTATION  OF  THE  MOTOR 

In  many  classes  of  service  the  motor  is  required  to 
reverse  its  direction  of  rotation  repeatedly.  It  is  a  well- 
known  fact  that  the  direct-current  motor  can  be  reversed 
in  rotation,  by  reversing  the  current  through  the  arma- 
ture, and  keeping  the  field  in  the  same  direction.  The 
induction  motor  can  be  reversed  by  reversing  one  of  the 
phases,  and  this  is  usually  done  by  interchanging  any 
two  leads  on  a  three-phase  motor,  or  interchanging  the 
two  leads  in  one  phase  of  a  two-phase  motor.  Where  the 
motor  operates  continuously  in  one  direction,  these  con- 
nections can  be  adjusted  at  the  time  of  installing  the 
motor,  but  where  the  reversal  of  rotation  occurs  fre- 
quently, some  substantial  form  of  reversing  switch 
should  be  included  in  the  controller. 

TO  LIMIT  THE  LOAD  ON  THE  MOTOR 

This  is  usually  done  by  means  of  fuses,  or  a  circuit 
breaker.  Where  the  main  line  switches  are  operated  by 
magnets,  an  overload  relay  is  used  to  de-energize  the 
magfnet  and  allow  the  switch  to  open.  All  overload  de- 
vices should  be  provided  with  some  form  of  time  element 
attachment,  usually  a  dash  pot.  This  will  allow  the  motor 
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to  take  a  short  peak  load  of  pei-haps  a  second's  chiration 
without  disconnecting  itself  from  the  line.  This  is  very 
desirable,  as  such  short-time  peaks  occur  during  accelera- 
tion, and  often  during  the  normal  operation  of  the  motor. 
Sometimes  an  overload  relay  is  provided  for  inserting 
the  starting  resistance  in  the  motor  circuit  in  case  of  over- 
load. This  arrangement  is  required  in  special  cases  where 
it  is  undesirable  to  have  the  motor  torque  entirely  cease. 
Such  relays  are  sometimes  called  "jamming  relays." 

TO  DISCONNECT  THE  MOTOR  UPON  FAILURE  OF  VOLTAGE 

The  voltage  supply  sometimes  fails,  and  a  serious 
injury  might  result  upon  the  re-establishment  of  voltage 
if  the  motor  were  left  connected  to  the  Hne  without  the 
starting  resistance.  Manually-operated  starters  and  con- 
trollers are  provided  with  a  latch,  held  in  place  by  a 
shunt  magnet.  This  latch  retains  the  controller  in  the 
running  position.  Upon  failure  of  line  voltage,  the  catch 
is  released  and  the  controller  is  mechanically  returned  to 
the  starting  or  oflf  position. 

Magnetic  contactor  control  automatically  returns  to 
the  off  position  upon  failure  of  line  voltage,  as  the  mag- 
nets are  de-energized  under  such  conditions.  The  con- 
troller can  be  connected  so  that  it  will  automatically  start 
the  motor  again  upon  return  of  voltage  to  the  line,  in 
which  case  the  device  is  known  as  "low  voltage  release." 
Where  it  is  necessary  for  the  operator  to  perform  some 
function,  such  as  pushing  a  button  after  failure  of  volt- 
age, the  device  is  known  as  "low  voltage  protection." 
This  latter  device  is  usually  required,  as  an  operator  may 
be  working  on  the  machinery,  and  there  is  danger  of  its 
being  started  automatically  and  injuring  him  upon  re- 
turn of  voltage. 

TO  REGULATE  THE  SPEED  OF  ROTATION 

Frequently  a  motor  is  connected  to  a  load  requiring 
dififerent  operating  speeds.  This  speed  change  can  be 
effected  in  several  different  ways,  the  common  ways 
being : — • 

Armature  Control — This  consists  in  putting  resist- 
ance in  series  with  the  motor.  Direct-current  motors 
have  this  resistance  in  the  armature  circuit,  and  the  volt- 
age across  the  motor  brushes  is  less  than  the  line  voltage, 
due  to  the  drop  through  this  external  resistance.  Wound 
secondary  induction  motors  are  controlled  in  a  similar 
way,  by  connecting  the  resistance  in  the  secondary  cir- 
cuit. The  drop  in  speed  is  in  this  case  a  little  more  com- 
plicated to  calculate ;  the  reduction  in  speed  is  propor- 
tional, however,  to  the  voltage  drop  through  resistance. 
Motors  controlled  in  this  way  are  called  "variable  speed 
motors."  The  speed  at  which  the  motor  operates  de- 
pends directly  upon  the  torque  required  by  the  driven 
load.  A  change  in  torque  causes  a  corresponding  change 
in  current,  and  the  drop  through  the  external  resistance 
is  equal  to  the  current  multiplied  by  the  ohms. 

Changing  the  Field  Strength  of  direct-current  shunt 
motors  varies  their  speed.  This  is  usually  done  by  con- 
necting a  rheostat  in  series  with  the  shunt  field  winding 
of  the  motor.    Such  motors  are  called  "adjustable  speed 


motors,"  since  the  speed  remains  practically  constant 
under  all  conditions  of  loading.  Commercial  motors  of 
this  type  are  built  with  speed  ranges  as  high  as  four  to 
one.  At  present  no  alternating-current  motors  of  this 
class  are  in  commercial  use. 

Changing  the  Voltage  of  the  Supply  Circuit  also 
varies  the  speed  of  a  motor.  This  is  usually  done  by 
supplying  each  motor  from  a  separate  generator.  This 
system  of  control  is  used  only  for  large  motors,  and  at 
];resent  is  applied  principally  to  mine  hoists  and  revers- 
ing'steel  mill  motors. 

TO  START  AND  STOP  THE  MOTOR  AT  FIXED  POINTS  IN 
THE  CYCLE  OF  OPERATION,  OR  AT  THE  LIMIT 
OF  TRAVEL  OF  THE  LOAD 

This  feature  can  be  obtained  by  the  use  of  limit 
switches,  which  are  operated  by  the  machinery  to  which 
the  motor  is  connected.  They  usually  interrupt  only  a 
small  circuit,  thereby  opening  magnetic  contactors  which, 
ii;  turn,  disconnect  the  main  motor  circuit.  These  limit 
switches  may  be  connected  by  gearing  to  the  driven  ma- 
chinery, in  which  case  they  are  called  "geared  limit 
switches."  Where  the  limit  switch  is  mounted  along 
the  runway,  and  operated  by  the  machinery  striking  the 
switch,  they  are  called  "track"  or  "hatchway  limit 
switches." 

TO  STOP  THE  MOTOR 

The  motor  can  be  brought  to  rest  by  either  mechan- 
ical or  dynamic  braking. 

Mechanical  Braking  is  accomplished  by  a  friction 
brake,  which  is  usually  applied  by  a  heavy  spring  and  re- 
leased by  a  magnet  in  series  with  the  main  circuit  of  the 
motor.  In  this  case  the  brake  is  set  whenever  there  is 
no  current  in  the  motor,  and  consequently  no  special 
arrangement  is  necessary  on  the  controller  to  apply  the 
brakes. 

Dynamic  Braking  requires  at  least  one  additional 
switch  on  the  controller.  It  is  accomplished  by  discon- 
necting the  armature  from  the  line  and  short-circuiting 
it  on  itself  through  a  resistance  with  full  field  strength, 
the  energy  stored  in  the  rotating  parts  being  dissipated 
in  heating  the  resistance. 

TO    PROTECT   THE   OPERATOR    FROM    INJURY 

It  is  very  important  to  insure  the  operator  who  uses 
the  machinery  from  injury  either  during  the  starting  of 
the  motor  or  during  the  subsequent  operation  of  the  ma- 
chinery. This  requires  the  control  apparatus  to  be  prop- 
erly protected,  so  that  there  is  little  danger  of  the  oper- 
ator receiving  a  shock,  or  being  burnt  by  an  arc,  in 
starting  or  during  the  operation  of  the  machinery.  Acci- 
dents may  occur  which  require  quick  stopping  of  the 
machinery.  To  effect  this  result,  safety  stop  devices  are 
frequently  placed  around  the  machinery,  which  are 
either  operated  automatically  or  manually,  depending 
upon  conditions.  These  devices  must  be  adapted  to 
each  particular  application,  but  are  very  important,  and 
should  be  carefully  considered  by  engineers  in  specifying 
the  electric  drive. 


.A  l/Ott^)!*  to  My  5on 


Walter  V.  Turner 

Assistant  Manager, 

Westinghouse  Air  Brake  Company 

PROBABLY  no  recent  article  of  the  inspirational  type  has  caused  more  general  and  more  favorable  comment 
than  the  "Letter  Written  to  Urban,"  which  was  published  in  the  Journal  for  November,  1913.  This  letter 
gave  some  very  useful  advice  to  the  author's  son  and  through  its  publication  its  influence  was  extended  to  the 
entire  Journal  family.  We  now  have  another  letter  to  Urban  which,  while  written  in  an  entirely  different 
vein,  will,  we  believe,  be  as  thoroughly  appreciated  as  was  its  predecessor.  The  somewhat  ironical  comments 
on  present-day  tendencies  in  the  use  of  time  are  particularly  to  the  point  and  have  a  broader  application  than 
a  literal  reading  might  indicate.  Thus  golf  and  the  movies  are  merely  typical  of  numerous  other  ways  of 
spending  time  which  may  be  used  as  excuses  for  stepping  off  the  main   trail   to  the   ultimate  ideal. — [Ed.] 


MY  DEAR  SON  :— 
We  were  very  glad  to  hear  from  you,  and  particu- 
larly pleased  to  learn  that  you  were  well  and  doing 
nicely,— also  that  you  are  taking  the  long  walks  you  mention. 
Thus  you  can  get  the  proper  exercise  without  unnecessarily 
losing  time.  These  will  do  you  good,  I  know,— in  fact,  I  am 
seriously  thinking  of  taking  long  walks  myself,  as  I  seem  to  be 
getting  into  the  same  tired  condition  you  were.  Strange,  isn't 
it,  that  sooner  or  later  we  all  have  to  let  up  on  our  strenuosity. 
I  lasted  much  longer  than  you,  but  am  afraid  I  am  approaching 
the  period  of  needing  to  look  after  my  condition.  I  hope  it 
will  do  me  as  much  good  in  bringing  me  back  to  life  as  it 
seems  to  be  doing  for  you.  Of  course,  I  am  not  so  far  gone 
that  I  need  to  start  at  once,  but  I  may  have  to  in  a  year  or  two. 

I  know  a  lot  of  friends  who  have  felt  the  need  (or  thouglit 
they  did)  of  exercise  and  gymnastics,  etc.,  and  they  started  in, 
but  as  far  as  I  can  see  they  are  just  as  lazy  as  they  ever  were. 
They  leave  their  vim  with  the  golf  sticks  in  the  bag.  The  truth 
is,  they  were  looking  for  an  excuse  for  doing  anything  but  what 
it  was  their  duty  to  do  or  what  would  benefit  them  most  in  the 
long  run. 

They  are  hurt  in  body,  soul  and  spirit  by  things  that  are 
compulsory.  Health  and  condition  (whatever  this  may  mean) 
lie  for  them  always  in  things  of  their  own  choice.  You  find  this 
kind  of  people  scattered  all  along  the  road  to  failure, — some  get 
all  the  way  there,  but  most  of  them  manage  to  stick  along  the 
road  between  nothing  and  nowhere.  If  some  of  them  (most 
of  them  are  hopeless  anyway)  would  devote  one-half  their  time 
to  things  disagreeable— as  they  regard  them— that  they  do  to 
agreeable  pursuits  (which  will  continue  pleasant  only  until  they 
become  as  tired  of  these  things  as  of  work)  they  would  be  worth 
something  in  life,  not  only  to  themselves,  but  to  the  community. 

Of  course,  doing  things  of  one's  own  choice  has  one  advan- 
tage ;  they  may  be  dropped  as  soon  as  they  become  irksome,  and 
some  other  fad  adopted — adopted  with  the  subconscious  reserva- 
tion that  it,  too,  may  be  thrown  overboard  as  soon  as  ennui  sets 
in.  Yes,  I  think  I  shall  take  up  some  fad  that  will  give  me  a 
rest  for  fear  I  become  tired.  Still,  boy,— half-joking  aside— I 
think  you  are  very  wise  in  taking  a  long  walk,  particularly  as  it 
is  as  good  an  exercise  as  any  and  offers,  in  addition,  a  fine 
chance  for  meditation  and  reflection,  if  alone,  and  if  with  others, 
conversation  may,  aiid  should,  help  both  you  and  your  com- 
panions. 

What  I  am  still  harping  on  is  that,  other  things  being  equal, 
your  success  and  contentment  in  life  hinge  upon  the  use  you 
make  of  your  time — since  this  is  the  stuff  life  is  made  of.  The 
chief  thing  is  to  have  a  beneficial  purpose  in  all  you  do — even 
fun  and  frolic  are  in  this  category — as  long  as  they  are  a  means 
and  not  an  end ;  a  proportional  part  and  not  the  whole.  By 
"beneficial  purpose"  I  mean  something  contributory  to  your 
main  object  in  life.  Any  time  taken  away  for  other  things  is 
just  that  much  lost,  and  handicaps  or  puts  you  behind  in  the 
race  to  just  that  extent. 


"Art  is  long  and  time  is  fleeting."  Never  was  art  (science, 
etc.)  so  long  as  today,  and  consequently,  never  was  time  so  short 
in  which  to  master  it.  Any  proposition  is  a  very  large  one  to- 
day. For  this  we  have  both  the  advantage  and  the  disadvantage 
of  having  had  others  live  before  us.  The  accumulation  of 
knowledge  and  unsolved  problems  they  have  left  us  is  a  heritage 
that  taxes  our  highest  powers  and  calls  for  strenuous  efforts  to 
assimilate  and  digest.  It  must  be  a  continuous  process  if  we  are 
to  surpass  those  who  have  gone  before.  Some  will  pay — and  are 
pa>'ing  the  price,  and  will  become  supermen,  comparable  to  those 
who  brought  art  and  science  and  achievement  to  their  present 
level  or  state.  I  want  you  to  become  one  of  them.  You  have  all 
the  opportunities  they  had  and  more  than  most  of  them  had : — 
Then  whj'  not  ? 

Purpose  and  time — all  time — intelligently  employed  to  the 
attainment  of  this  purpose  are  the  fundamentals  of  success. 
They  are  the  chief  elements  of  it,  and  I  hope  you  have  already 
realized  this.  Then,  knowing  that  a  man  will  be  just  as  lazy  as 
his  purpose  will  let  him  be,  let  your  desire,  your  ambition  to 
attain  success,  be  so  great;  your  ideal  so  high,  that  you  will  not 
dare  to  be  lazy.  Most  men,  like  the  hare,  think  they  are  running 
too  fast,  and  stop  to  rest ;  and  so  a  plodder  like  the  slow-poke  of 
a  tortoise,  goes  by  them  and  sets  the  mark  in  art  and  science  for 
a  future  superman  to  pass. 

Re-creation  is  important,  but  it  was  not  intended  to  mean 
Cas  it  often  does  today)  wasting  time.  It  meant,  and  does  mean, 
required  rest,  exercise  and  diet — not  an  excuse  to  go  to  sleep  (as 
far  as  attainment  is  concerned)  by  the  wayside.  The  greatest 
men  of  history,  the  benefactors  of  the  human  race,  the  men  to 
whom  we  owe  the  comforts  and  other  blessings  of  our  present 
state,  were  men  who  kept  everlastingly  at  it : — 

Milton  — blind  as  he  was. 

Abelard  — persecuted  as  he  was. 

Shakespeare  —handicapped  by  poverty. 
Livingstone    — in  the  terrible  interior  of  Africa. 
Columbus      — as  he  traversed  the  unknown  seas. 
Lincoln  —as   he   struggled   with   the  most   serious 

crisis  of  our  country. 
IVashington  —as.    half-starved    and    half-clothed,    he 

courageously  fought  on  in  an  apparently 

hopeless  cause. 
Wellington     —as  he  prepared  to  face  the  unconquerable 

Napoleon. 
Cromwell       —as,  with  a  price  on  his  head,  he  fought  to 

preserve  the  measure  of  human  liberty 

attained  at  his  time. 
Burke  —who  strove  incessantly  to  persuade  Eng- 

land so  to  legislate  as  to  preserve  to  her 

the  colonies. 

These  occur  to  me  among  a  hundred  others,  such  as  Frank- 
lin, Scott,  Marlborough,  Hoe,  Cartwright,  Jacques,  Lister,  Pas- 
teur, Turner,  Angelo,  Leonardo,  Bessemer,  Bell,  Morse,  Damien 
and  others.    These  men  used  their  time  to  advantage  and  gave 
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but  little  of  it  to  the  golf  course  or  moving  picture  show,  or  any 
other  equally  plausible  excuse  for  leaving  their  purpose  in  the 
cupboard,  as  Mother  Hubbard  did  the  bone,  and  with  the  same 
result. 

Make  time  count  for  your  purpose,  boy — it's  the  only  thing 
that  will  count — it  is  the  pivot  upon  which  the  value  of  your 
future  turns.  It  is  the  tortoise  upon  which  Atlas  stands  as  he 
supports  the  world.  Dollars  and  other  things  may  help,  but  as  a 
matter  of  fact  they  only  help  one  make  a  greater  use  of  time  if 
so  disposed.  One  may  do  more,  advance  more,  in  a  given  time, 
but  nothing  can  become  a  substitute  for  time,  any  more  than 
another's  attainments  will  make  you  wise  by  pro.xy. 

Nature  (human)  may  need  a  rest,  but  nothing  makes  most 
men  feel  they  need  a  rest,  like  laziness — doing  nothing — watch- 
ing the  clock  go  round.  My !  How  good  a  vacation  sounds  to 
these  fellows ! 

"Keep  everlasting  at  it,"  "Be  Johnnie-on-the-Spot"  are  good 
maxims.  What  your  purpose  is  and  how  much  it  is  worth  to 
you  will  necessarily  determine  tlie  use  you  make  of  your  time. 


If  you  prefer  fun  and  frolic  to  fame  and  fortune,  then  time  is 
elastic  and  your  servant.  If  you  prefer  realization  of  things 
worth  while,  then  you  must  become  the  servant  of  time— submit 
to  the  inexorable  necessity  of  making  each  moment  count.  Time 
wasted  is  time  lost.    So,  if  you  would  live  long,  conserve  time. 

Now  don't  go  ofl  at  a  tangent,  and  think  I  would  have  you 
get  no  more  joy  or  fun  out  of  life  than  a  miser  does  good  out  of 
his  hoarded  dollars,  for  I  would  not.  Quite  the  contrary;  in 
the  first  place,  there  is  no  joy  in  life,  no  happiness  so  great  as 
devotion  to  a  laudable  purpose.  In  the  second  place,  no  diver- 
sion can  give  such  pleasure  and  delight  as  "time  out"  for  earned 
and  needed  re-creation.  In  the  third  place,  you  will  find  that 
enough  "light  opera"  will  force  itself  upon  you  to  keep  you  more 
tlian  satisfied. 

Moral: — Work  to  a  purpose — golf  will  take  care  of  itself. 

.Advice  is  cheap,  but  your  mother  has  sent  you  a  check  for 
$100.    We  are  all  well  and  send  love. 

Your  affectionate 

Father. 


T 


Conducted  by  R.  H.  WILLARD 
m — To  connect  theory  and  practice 


Strap  Field  Windings 

Copper  strap  is  often  used  for  winding  fields  of  large  cur- 
rent capacity.  Where  the  strap  is  so  thin  that  it  is  not  rigid 
enough  to  support  itself,  it  is  wound  flat  and  insulated  between 
turns  with  asbestos  tape,  as  illustrated  in 
Fig.  I.  This  is  a  rugged  construction  me- 
chanically, making  it  good  for  applications 
such   as   railway  motors,   where  vibration 

and    mechanical   service   are   very   severe. 
FIG.  I  _,  .  .      . 

This    coil    IS    practically    heat-proof,    but 

it  does  not  radiate  heat  as  well  as  the  edge-wound  coil  shown 

in  Fig.  2.    In  this  coil  the  strap  is  wound  on  edge  and  insulated 

with  asbestos  strips  cut  to  shape  and  cemented  in  place  with 


shellac.     After  the  coil  is  completely  wound  it  is  pressed  down 
in  a  steel  frame  and  all  the  inflammable  material  burnt  out  with 
a  gas  flame  at  a  considerable  temperature,  leaving  a  coil  which 
is  almost  indestructible 
by  heat.   Since  the  edges 
of  the   strap   are   bare, 
this   type   of   coil   radi- 
ates heat  well.    In  large 
machines    where    the 
series    field    is    quit  e 
heavy,    strap    may    be 
wound    on    edge    witli 

simply  an  air  space  be-  '"^'^  ^ 

tween  turns  for  insulation.  The  turns  are  separated  at  intervals 
by  wooden  or  fiber  separators  bound  in  place.  In  this  type  of 
coil  the  copper  is  entirely  exposed  to  the  air,  thus  securing  the 
maximum  heat  radiation,  as  shown  in  Fig.  3. 


Field  Connections  for  Self-Starting  Converters 

When  a  rotary  converter  is  started  from  the  alternating- 
current  side,  a  strong  alternating  flux  is  set  up,  part  of  which 
links  with  the  field  coils  and,  since  these  have  a  large  number 
of  turns,  induces  a  liigh  voltage  in  them,  which  is  liable  to  cause 
an  insulation  failure.  One  way  of  protecting  the  insulation  is 
to  mount  a  "field  break-up"  switch  on  the  converter  frame. 
When  starting  the  converter  this  switch  is  opened,  thus  discon- 
necting the  field  coils  from  each  other  and  preventing  the  volt- 
ages generated  in  the  separate  coils  from  adding  in  series.  The 
connections  for  this  scheme  are  shown  in  Fig.  i. 


Another  scheme  of  connections  for  starting  is  shown  in 
I'ig.  2.  The  field  switch  is  a  plain  double-pole,  reversing  field, 
discharge  switch.  The  switch  is  closed  in  the  normal  position 
for  starting.  There  are  two  voltages  acting  on  the  field  coils — 
one  due  to  the  transformer  action  of  the  armature  flux,  as  in 
the  previous  case;  the  other,  the  armature  e.m.f.  which  is  ap- 
plied to  the  field  coil  terminals  through  the  direct-current 
brushes.  The  latter  voltage  varies  from  line  frequency  at  stand- 
still to  zero  frequency  at  synchronous  speed,  and  its  maximum 
value  is  the  converter  ratio  times  the  alternating  voltage  ap- 
plied. Since  the  resistance  of  the  armature  is  small  compared 
to  its  reactance,  the  reactance  voltage  will  be  of  nearly  the  same 
magnitude  as  the  applied  voltage.  The  reactance  voltage  is  gen- 
erated by  the  same  flux  that  induces  voltage  in  the  field  coils,  so 
the  ratio  of  the  induced  field  voltage  to  the  armature  voltage 
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(which  is  nearly  the  same  as  the  reactance  voltage)  will  be 
approximately  the  ratio  of  shunt  field  turns  to  armature  turns. 
Consequently  the  induced  field  voltage  is  much  greater  than  the 
armature  voltage,  so  that  no  matter  what  phase  relation  these 
two  voltages  have,  even  if  they  are  opposed,  the  field  voltage 
will  send  current  through  the  circuit  composed  of  shunt  field, 
field  rheostat,  direct-current  brushes  and  armature.  This  cur- 
rent will  neutralize  part  of  the  flux  through  the  field  coils  and 
reduce  the  voltage  induced  in  them.  The  action  is  similar  to 
that  of  a  series  transformer ; — the  armature  corresponds  to  the 
primary,  the  shunt  field  to  the  secondary.  Since  the  armature 
current  is  practically  independent  of  the  shunt  field  current,  the 
mutual  flux  will  decrease  as  the  field  current  increases,  thus 
decreasing  the  voltage  generated  in  the  field.  This  scheme  elim- 
inates the  complicated  break-up  switch  and  extra  field  wiring  on 
the  converter  and  affords  satisfactory  protection  from  high 
field  voltage. 


What  is  a  Horse- Power? 

I — Energy  Definition 

Energy  is  the  capacity  for  doing  work.  Power  is  the  rate 
of  expenditure  of  energy  or  rate  of  doing  work.  If  a  hod- 
carrier  carries  a  hod  of  mortar  to  the  tenth  floor  of  a  building 
he  expends  the  same  amount  of  energy  on  the  hod  as  a  steam 
hoist  would;  but  since  he  takes  about  ten  minutes  instead  of  the 
ten  seconds  in  which  the  hoist  would  do  the  work,  his  rate  of 
expenditure  of  energy — his  power  output — is  only  one-sixtieth 
that  of  the  hoist. 

Force  is  that  which  tends  to  produce  a  change  of  motion  in 
a  given  mass.  A  force  may  be  exerted  without  expending  or 
storing  energy,  if  no  motion  is  produced.  For  example,  a  lever 
may  be  wedged  under  a  rock  and  a  weight  applied  at  its  end 
but,  unless  motion  results,  no  energy  will  be  expended  nor  work 
performed.    Energy  may  thus  he  said  to  be  force  in  motion. 

In  the  C.G.S.  system,  which  is  commonly  used  in  physical 
work,  the  unit  of  force  is  the  dyne,  or  that   force   which.  Ii\ 


acting  on  a  free  gram  during  one  second,  creates  therein  a 
velocity  of  one  centimeter  per  second.  It  is  approximately  the 
force  exerted  by  a  weight  of  one  milligram.  In  engineering 
work  the  unit  force  is  that  required  to  support  a  weight  of  one 
pound  against  the  force  of  gravity.  The  unit  of  energy  in  the 
C.G.S.  system  is  the  erg,  or  dyne-centimeter.  In  commercial 
engineering  work  the  customary  unit  is  the  foot-pound  ;  that  is, 
the  energj'  required  to  lift  one  pound  one  foot  against  the  force 
of  gravity.  The  unit  of  power  in  the  C.G.S.  system  is  the  erg 
per  second,  lo'  ergs  per  second  equaling  one  watt.  The  cus- 
tomary unit  in  engineering  work  is  the  foot-pound  per  second, 
550  of  which  equal  one  horse-power. 

A  pound  of  good  Pennsylvania  coal  has  stored  within  it 
13500  British  thermal  units,  corresponding  to  an  energy  of  5.3 
horse-power-hours.  A  pound  of  40  percent  dynamite  has  stored 
within  it  2200  B.t.u.,  corresponding  to  an  energy  of  0.865  horse- 
power-hours. If  burned  in  an  average  power  plant  the  pound 
of  coal  will  burn  in  0.54  hours;  if  fired  as  a  stick  one  pound  of 
dynamite  will  burn  in  0.0000786  seconds.  The  coal  contains  6.1 
times  as  much  energy  as  the  dynamite  but,  due  to  the  different 
rate  of  expenditure  of  the  energy,  the  dynamite  develop.^  for  a 
brief  interval  of  time  3960000  times  as  much  power  as  the  coal. 
For  equal  energj'  the  dynamite  develops  over  24000000  times  as 
much  power.  One  reason  for  the  relatively  small  amount  of 
energy  contained  in  the  dynamite  is  that  the  dynamite  contains 
all  of  the  oxygen  required  for  its  combustion,  whereas  the 
oxygen  required  to  burn  the  coal  must  be  obtained  from  the  air. 

Energy  may  be  manifested  as  latent  chemical  energj-,  heat, 
light,  mechanical  energ)-,  electricity  and  many  other  forms. 
Energy  and  power  can  be  expressed  in  units  of  any  of  these 
forms  of  manifestation.  The  horse-power,  which  is  generally 
defined  as  ii  000  foot-pounds  per  minute,  was  originally  selected 
as  being  nearly  equal  to  the  average  sustained  rate  at  which  the 
largest  draft  horse  could  work.  It  is  also  equal  to  2545  B.t.u. 
per  hour  =  0.746  kw  =  48500  candle-power  (with  a  perfect 
illuminantV 


TKis    Universal 
RKeostat 

will  control  the  charge  of 
any  number  of  cells  from  1 
to  44  at  any  charging  rate 
from  4  amperes  to  40  am- 
peres on  a  125- volt  direct 
current  circuit. 


Ward  Leonard  Universal  Battery  Charging  Rheostat 

Furnishes  every  charging  requirement  of  an  ignition  battery  or 
the  lighting-starting  battery  of  gas  automobiles — as  well  as  the  large 
batteries  of  electric  pleasure  cars  and  trucks. 

Battery  charging  is  a  profitable  business  and  with  the  Ward 
Leonard  Universal  Rheostat  the  charging  equipment  investment 
is  small. 

WARD  LEONARD  ELECTRIC  CO. 

MOUNT  VERNON,  N.  Y. 
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Brushholders 


To  be  able  to  care  for  the  brushholders  of  railway  motors 
intelligently  it  is  necessary  to  be  familiar  with  the  construction 
and  purpose  of  their  parts.  In  repairing  and  replacing  a  mod- 
ern railway  motor  brushholder  of  the  insulated  pin  type,  the 
following  points  should  be  considered : — 

INSULATION  CLEARANCE 
(Shortest  Distance  from  Live  Parts  to  Ground) 
A  section  through  the  clamping  pin  where  the  brushholder 
is  clamped  to  the  motor  frame  is  shown  in  Fig.  I,  illustrating 
the  method  of  insulation.  The  brushholder  castings  should  have 
at  least  three-quarters  of  an  inch  air  clearance  froiu  the  motor 
frame. 

INSULATION  CREEPAGE 
(Distance  of  Live  Parts  from  Ground  Along  the  Surface) 
The  porcelain  insulators,  Fig.  i,  give  sufficient  creepage  dis- 
tance over  smooth  corrugated  surfaces  to  keep  the  brushholders 
from  becoming  grounded  to  the  frame  and  should  always  be 
kept  tight  on  the  pin  by  putting  pieces  of  hard  paper  between  the 
porcelain  and  tube,  and  cleaned  of  carbon  dust  and  dirt  to  pre- 
vent current  from  leaking  over  the  surface. 

CORRECT  SPACING  OF  BRUSHHOLDERS 
(Alignment  for  Neutral) 
Railway  motor  frames  have  machined  pads  for  the  clamp- 
ing blocks  to  hold  the  brushholders  exactly  in  the  neutral  posi- 


carbons.  Other  factors  that  govern  this  pressure  are  the  amount 
of  sparking,  the  play  in  the  armature  bearing  and  the  track  con- 
ditions. Usually  a  simple  means  of  adjusting  the  pressure  is 
provided,  as  shown  in  Fig.  3. 

CARBON  BOX  CLEARANCE 

To  prevent  breakage  and  side  wear  of  the  carbon,  it  should 
fit  in  the  box  as  snugly  as  possible  without  binding.  This  clear- 
ance should  not  exceed  one  thirty-second  of  an  inch. 

.      SHUNTS 

Tlie  shunt  fortnerly  used  on  the  carbon  has  been  replaced 
by  a  shunt  on  the  brushholder  which  connects  the  contact  tip  on 
the  finger  and  the  main  casting.  This  shunt  must  be  large 
enough  to  carry  the  current  and  make  a  good  electrical  contact 
where  fastened.  It  may  be  brazed,  soldered  or  riveted,  as  shown 
in  Fig.  2.  If  a  good  electrical  path  is  furnished  for  the  current 
through  the  shunt,  much  of  the  side  wear  of  the  carbons  and 
burning  of  the  carbon  box  is  prevented.  Therefore  it  is  very 
important  to  keep  the  shunts  in  good  condition. 

CONTACT  TIPS 

The  object  of  the  contact  tip  is  not  only  to  transmit  the 
pressure  to  the  top  of  the  carbon,  but  to  conduct  current  from 
the  shunt  to  the  carbon  or  from  the  carbon  to  the  shunt.     Its 


FIGS.  I,  2  and  3 — UET.MI.S  of  r.mi.w.w  brushholder 


tion.  On  replacing  brushholders  the  clamping  blocks  must  be 
seated  properly.  The  carbon  box  should  be  parallel  with  the 
commutator  bars,  and  the  distance  from  the  center  line  of  one 
box  to  the  center  line  of  the  other  box  on  a  four-pole  machine 
should  be  equal  to  one-fourth  of  the  number  of  commutator 
bars.  The  coil  short-circuited  by  the  brush  should  be  midway 
between  the  main  poles;  ordinarily  this  means  that  the  brush 
will  be  opposite  the  middle  of  the  main  poles.  This  spacing  is 
adjusted  at  the  factory  and  will  be  correct  if  the  clamping  blocks 
are  seated  properly  and  the  brushholders  are  those  belonging 
to  the  motor  and  are  not  bent. 

DISTANCE  OF  BRUSHHOLDER  FROM  COMMUTATOR  SURFACE 
(Radial  Adjustment) 
The  underside  of  the  carbon  box  sliould  be  kept  within  one- 
eighth  to  one- fourth  of  an  inch  of  the  commutator  surface,  so 
as  to  prevent  breakage  of  carbons.  This  is  done  by  loosening 
the  clamping  block  and  moving  the  brushholder  until  the  correct 
setting  is  obtained.  A  piece  of  fiber  one-eighth  to  one-fourth 
inch  thick  makes  a  handy  gage.  The  nut  which  holds  the  clamp- 
ing block  should  be  carefully  tightened  so  that  the  brushholder 
will  not  come  loose. 

SPRING  PRESSURE 
A  good  rule  is  about  five  pounds  per  square  incli  of  contact 
surface.     This  will  give  a  range  of  pressure  on  carbons  from 
four  to  seven  pounds,  depending  upon  the  size  and  grade  of 


shape  should  be  such  that  it  will  do  the  least  damage  to  the  top 
of  the  carbon  and  provide  a  large  contact  area  to  carry  the  cur- 
rent.   A  fiat  tip  that  meets  these  requirements  is  shown  in  Fig,  2. 

WIRING  AROUND  FRAME  CONNECTIONS 
Cable  leads  should  be  supplied  with   sleeves  or  terminals. 
These  connections  should  be  kept  tight  to  secure  a  good  elec- 
trical as  well  as  a  mechanical  contact.     Set  screws  with  jam  nuts 
and  lock  washers  should  be  used. 

MECHANICAL  ACTION 

When  carl)on  dust  and  dirt  gets  into  the  working  parts  of  a 
lirushholder,  it  is  liable  to  work  stiffly.  These  parts  should, 
therefore,  be  kept  clean  and  occasionally  lubricated.  If  neg- 
lected, they  either  become  tight  and  do  not  provide  enough  pres- 
sure, or  they  become  so  badly  worn  that  the  parts  get  out  of  line 
and  the  tips  press  on  the  carbon  box  instead  of  the  carbon. 

SUMMARY 
The  keeping  of  railway  brushholders  in  good  repair  and 
proper  alignment  is  a  big  factor  in  cutting  down  maintenance 
costs,  as  it  lengthens  the  life  of  the  carbons,  commutators  and 
motor  windings  by  improving  commutation,  thus  tending  to 
prevent  flashing  between  brushholders  and  ground.  For  this 
reason  it  is  very  important  that  brushholders  be  regularly  in- 
spected and  overhauled. 
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1414 — Phase-Wound  Induction  Motor 

— Is  there  any  relation  between  horse- 
power, volts  and  speed  of  a  phase- 
wound  induction  motor  and  the  cur- 
rent in  the  rotor?  Does  this  ratio  hold 
good  for  all  loads  on  the  machine? 

J.  H.  B.  (COI.O.) 

When  the  rotor  is  at  standstill  and  full 
voltage  is  applied  to  the  primary,  there 
will  be  developed  a  voltage  E.  between 
the  collector  rings.  This  voltage  is  de- 
termined by  the  ratio  of  turns  in  the 
rotor  to  the  turns  in  the  stator.  The 
current  which  must  flow  in  the  rotor  to 
develop   full-load  torque  is  very  nearly 

'Hp  X  746      

^1"^' '"  (/  -  Percent  slip)  X  1-73  X  E, 
This  current  may  be  called  /.,  and  will 
be  present  in  the  rotor  whenever  the 
motor  is  developing  full-load  torque,  no 
matter  at  what  speed  it  is  running,  i.  e., 
if  resistance  is  inserted  in  the  rotor  cir- 
cuit so  that  the  motor  runs  at  one-half 
speed  and  develops  full-load  torque  the 
secondary  current  will  be  1,;  or  if  the 
rotor  is  short-circuited  and  runs  at  full 
speed  and  develops  full-load  torque  the 
current  will  be  h-  The  voltage  between 
collector  rings  is  a  maximum  at  stand- 
still and  decreases  as  the  motor  starts  to 
run  until  at  full  speed  it  is  almost  zero. 
Only  enough  voltage  is  present  at  full 
speed  to  drive  the  load  current  through 
the  resistance  of  the  rotor  windings  and 
collector  rings  and  brushes.  At  full 
speed  and  full  load,  if  the  slip  is  four 
percent,  for  example,  this  voltage  will  be 
4  X  E, 

100       '  A.  M.  D. 

1415 — Mine   Tracks — I    would    like    to 
have  some  information  on  mine  tracks. 
Fig.    1415(a)     shows    the    lay    of    the 
tracks.     ."Ml  the  inside  of  the  mine  is 
rigged  for  electric  haulage.     The  trol- 
ley is  hung  from  the  roof  and  all  the 
tracks    are    bonded    except    the    main 
slope   and   No.   /,   and   this   has   rope 
haulage   from  outside ;   and  when  the 
empties  are  let  down  or  the  loaded  cars 
are  pulled   up  the  rope   arcs   when   it 
touches    the    rail    marked    A'.      Could 
this    be    stopped    in    any    way?      We 
thought  that  if  we  would  insulate  the 
main  slope  from  the  bonded  rails  this 
would  stop.     I  think  it  is  hard  to  in- 
sulate  it  on   account   of   dampness   in 
mines,  and  the  boss  claims  this  arc  is 
hard    on    ropes.      At    /    there   are    no 
bonded  rails  or  trolley  wire  and  it  arcs 
just  the  same.     If  there  is  any  way  to 
stop  the  current  from  traveling  on  the 
ropes  please  let  me  know.       f.  k.  (pa.) 
The  cause  of  the  serious  arcing  of  the 
hoist  rope  at  the  point  specified  is  due  to 
the  lack  of  sufficient  return  cable  from 
the  bonded  rails  to  the  generator  at  the 
power  house.    The  hoist  rope  offers  the 
easiest  path  for  the  current  to  return  to 
the   generator.      Experience    has    taught 
that  there  are  two  ways  of  overcoming 
this  trouble,  as  follows:— (a)  By  placing 
wooden  rollers  or  wooden  guard  rails  al 
A',  to  prevent  the  cable  from  coming  in 


contact  with  the  rail.  However,  this  is 
found  hard  to  keep  up,  due  to  cars  being 
often  derailed  at  these  points,  knocking 
the  rollers  or  rails  out  of  place,  (b)  The 
most  effective  way  to  overcome  the 
trouble  is  to  bond  the  rails  on  the  slope 
and  connect  the  rails  at  the  top,  to  the 
main  return  cable  to  the  generator.  If 
the  A  rail  is  properly  bonded  and  con- 
nected to  the  tracks  in  the  bottom,  where 
the  locomotives  operate,  this  will  elim- 
inate all  arcing  that  would  seriously  in- 


FiG.  1415(a) 
jure  the  rope.  It  is,  of  course,  better  to 
bond  both  rails  on  the  slope  and  cross- 
bond  the  tracks  each  200  feet.  This  will 
not  only  eliminate  the  arcing  of  the  rope, 
but  will  materially  increase  the  power 
and  cut  down  the  heating  of  all  locomo- 
tives in  the  mine.  It  is  also  good  prac- 
tice wherever  there  is  a  water  pipe  run- 
ning to  the  top  to  connect  the  water  pipe 
electrically  to  the  bonded  rails  at  the  bot- 
tom and  connect  the  top  of  the  water 
pipe  to  the  return  cable  leading  to  the 
generator.  This  will  materially  cut  down 
the  arcing  of  the  rope.  A.  P.  s. 

1416 — Transformer    Regulation  — 

Kindly     explain     in     detail     the     best 
method  of  computing  transformer  reg- 
ulation. L. R.  (B.C.) 
Good  formulae  for  transformer  regu- 
lation are  given  in  the  Standardization 
Rules  of  the  A.I.E.E.,  1916,  Sections  587, 
588  and   589.     The  derivation   of   these 
formulae  is  as  follows : — 

In  Fig.  1416(a)  let  oa  =  the  impressed 
voltage  =  100  percent;  ol  =  the  load  cur- 
rent; cb  =  the  percent  voltage  drop  in 
phase  with  the  current  =  gr;  ba  =  the 
percent  voltage  drop  in  quadrature  with 
the  current  =  9x;  S  =  the  angle  of  lag  of 
the  current  behind  the  impressed  voltage; 
cos  8   =   the  power-factor   =   m;    sin  0   = 


FIG.   1416(a) 

the  reactive  factor  =  n  Then  eg  =  the 
percent  regulation  or  drop  in  voltage  due 
to  the  load  current;  cd  =  cos  e  qr  =  m  qi; 
de  =  sin  d  q^  =  nq^;  af  =  cos  8  qx  =  m  qn; 
ef  =  sin  8  qr  =  n  gr;  and  ae  =  af —  «/  = 
m  qx  —  n  qr. 

oa-  =  oe^  +  ae'',  but  oe  =  oa  —  eg  and  oa 
=  100  since  we  are  dealing  in  percentages. 
Therefore    locfi   =   (100  —  eg)''  +  ae^  or 

eg-  +  ae'  „ ,         ,,  ,,  , 

eg  =  ,  but  eg-  IS  negligible  as  com- 


pared with  ae',  and  therefore,   with   but 
very  small  error, 

_  _a£  _  (wgx  — «£rV- 
^^  ~  200  200 

Then  the  regulation  is  i?  =  <rg  =  erf  -|- 

('H  qx  —  M  qiY 
de  -\-eg  =  mqr  +  n  g.x  -|- j^ 

For  a  load  of  100  percent  power-factor 
8  =  o,  cos  8  =  m  =  I  and  sin  8  =  n  =  o, 
so  that  the  formula  for  regulation  for  a  load 
of  100  percent  power-factor  becomes, — 

^  =  5^  +  S 
See  also  the  Journal  for  May,  1916, 
p.  208.  w,  M.  M. 

1417 — Reactive-Factor  Meter  —  What 
is  the  best  method  of  checking  a  single- 
phase  reactive-factor  meter  ?  What  for 
a  three-phase?  A  power-factor  meter 
rotates  when  current  only  is  supplied. 
Should  not  a  reactive-factor  meter  do 
the  same?  If  it  is  required  that  a 
single-phase  reactive-factor  meter  is  to 
be  checked,  and  there  are  no  instru- 
ments at  hand,  what  is  a  good  method 
of  getting  an  approximation  ? 

c.  D.  R.  (oRi;.) 

Reactive-factor  meters  are  used  prin- 
cipally for  rotary  converters  or  synchro- 
nous motors,  the  load  on  the  phases  of 
which  are  balanced.  Therefore,  as  a 
measure  of  simplification,  single-phase 
current  coils  are  used  ;  on  three-phase  in- 
struments there  are  three  voltage  coils. 
On  single-phase  instruments  (also  used 
for  two-phase)  the  voltage  windings  are 
derived  from  the  one  phase  by  means  of 
a  "phase-splitter,"  i.  e.,  an  inductive- 
resistance  branch  and  an  ohmic  resist- 
ance branch.  As  there  is  only  one  cur- 
rent phase,  no  rotation  on  current  alone 
is  produced.  To  avoid  rotation  on  volt- 
age alone,  heavy  damping  magnets  are 
used.  Reactive-factor  meters  are  cali- 
brated by  comparison  with  ammeter, 
voltmeter  and  single-phase  wattmeter 
readings,  or  by  comparison  with  another 
reactive- factor  meter  which  has  already 
been  standardized.  Single-phase  voltage 
is  used  on  single-phase  instruments  and 
three-phase  voltage  on  three-phase  in- 
struments. An  approximate  method  of 
checking  without  the  use  of  standard  in- 
struments would  consist  of  connecting  to 
a  testing  load,  consisting  of  a  lamp  bank 
or  other  non-inductive  load,  connections 
being  in  agreement  with  the  diagram  fur- 
nished with  the  instrument.  With  only 
voltage  applied,  move  the  pointer  by 
hand  to  zero  and  note  whether  it  remains 
there.  If  there  is  a  tendency  to  rotate, 
re-balance  the  movement.  Then  apply 
two  or  three  amperes  current.  The 
pointer  should  remain  at  zero.  If  it 
comes  to  rest  away  from  zero,  it  should 
be  re-located  with  reference  to  the  shaft. 
This  can  be  done  by  releasing  the  small 
nut  on  the  pointer  hub.  If  it  is  correct 
at  zero  under  the  above  conditions,  it  is 
quite  likely  that  it  will  be  approximately 
correct  throughout.  P-  m. 
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The  article  on  "Temperature  Distribu- 
The  Laws  of  ^.^^^  .^  Electrical  Machinery"  by  Mr. 
Heat  Flow  g  ^  Lamme  in  this  issue  of  the  Jour- 
nal opens  by  expressing  surprise  that  more  attention  has 
not  been  given  to  the  determination  of  the  laws  of  heat 
transfer.  The  reason  for  this  is  not  hard  to  find.  It  is 
the  difficulty  of  measurement  that  stands  in  the  way  of 
increasing  our  store  of  information  as  to  the  laws  of  heat 
flow.  How  much  progress  could  be  made  in  studying 
electrical  problems  if  we  did  not  have  the  wattmeter, 
ammeter  and  voltmeter  ?  When  we  consider  that  we  do 
not  possess  the  equivalent  of  these  instruments  for 
studying  heat  problems,  the  lack  of  more  complete 
knowledge  is  not  so  surprising. 

However,  this  lack  of  facilities  does  not  make  the 
study  of  heat  flow  problems  any  the  less  important.  It 
may  be  well  to  call  attention  to  one  point  of  the  utmost 
importance  in  the  development  of  electrical  apparatus 
wherein  the  lack  of  accurate  data  on  heat  flow  is  im- 
portant. The  standardization  rules  of  the  American 
Institute  of  Electrical  Engineers  permit  temperatures  up 
to  150  degrees  C  in  "Class  B"  insulation.  Engineers 
familiar  with  the  design  and  performance  of  "Class  B' 
insulation  realize  perfectly  well  that  150  degrees  is  not 
the  limit  of  operation  of  such  insulation.  The  question 
arises,  how  far  can  we  go  in  temperatures  in  such  insu- 
lations, and  a  brief  analysis  shows  that  there  is  a  limit 
in  temperature  beyond  which  we  cannot  go,  and  further 
that  this  limit  is  fixed  almost  entirely  by  the  temperature 
coefficient  of  thermal  resistance  in  the  insulation,  a 
quantity  upon  which  there  is  almost  no  information  ex- 
tant. This  result  follows  from  the  simple  consideration 
that,  as  we  increase  the  temperature  of  a  copper  coil,  the 
heat  input  constantly  increases,  due  to  the  tempera- 
ture coefficient  of  the  electrical  resistance  of  the  cop- 
per. If  similarly  we  assume  a  positive  temperature  co- 
efficient for  the  thermal  resistance  of  the  coil  insulation, 
the  ability  of  heat  to  escape  from  the  coil  becomes  less 
and  less  with  increasing  temperature.  Obviously,  there 
must  be  some  temperature  above  which  heat  is  put  into 
the  coil  faster  than  it  can  be  taken  out,  assuming  a  con- 
stant current  therein.  This  fixes  a  definite  temperature 
limit  beyond  which  we  cannot  go,  no  matter  how  much 
our  insulation  will  stand.  Assuming,  for  example,  that 
the  temperature  coefficient  of  thermal  resistance  is  equal 
to  that  of  electrical  resistance  of  copper,  this  limit  is 
fixed  at  a  rise  of  200  to  250  degrees,  with  usual  ambient 
air  temperatures,  and  the  increase  in  output  to  cause  this 
temperature  is  only  about  10  percent  over  that  which 
would  cause  150  degrees  in  the  copper.  This  result  is 
based  on  the  assumption  that  the  temperature  coefficient 
of  thermal  resistance  is  the  same  as  that  of  the  electrical 
resistance  of  copper-a  pure  assumption.     The  impor- 


tance of  determining  accurate  data  on  this  matter  is  only 
too  evident.  We  do  not  know  of  a  more  fertile  field  for 
scientific  investigation.  P.  M.  Lincoln 


We  are  all  becoming  more  and  more 
addicted  to  the  pushbutton  habit.    For 
Pushbutton       j^e  control  of  electric  lighting  circuits 
Habit  the  pushbutton  has  come  into  almost 

universal  use,  and  electric  power  in  various  forms  may 
be  put  to  work  by  the  mere  pressure  of  a  finger.  In 
industrial  work  the  man  with  the  push  need  not,  and 
often  is  not  expected  to  know  what  happens,  for  instance 
in  a  motor  drive,  between  the  button  and  the  motor.  His 
attention  is  devoted  to  the  performing  of  a  certain  opera- 
tion, with  the  motor  as  the  propelling  force.  After  he 
has  indicated  his  desire  for  motor  power  by  pushing  the 
button  he  can  turn  his  attention  without  distraction  to 
the  work  in  hand  and  leave  that  relatively  unknown  ter- 
ritory between  the  end  of  his  finger  and  the  delivered 
mechanical  motion  to  the  electrical  man.  And  it  be- 
hooves every  electrical  man  to  know  the  how  and  whv, 
whether  he  expects  to  be  a  controller  expert  or  not. 
Progress  has  been  exceedingly  rapid  in  controller  work 
during  the  past  few  years  and,  unless  the  electrical  man 
devotes  some  attention  to  current  developments,  he  is 
likely  to  be  asked  some  embarrassing  questions  by  his 
non-electrical  associates. 

The  results  secured  by  modern  control  arrangements 
may  give  the  impression  that  all  that  is  necessary  is  to 
push  the  button  and  the  connected  apparatus  will  take 
up  its  cycle  of  operation  smoothly  and  safely.  This  is  a 
fact,  but  the  intermediate  steps  involved  are  often  by  no 
means  simple.  Controllers  can  be  arranged  not  only  to 
attend  to  the  details  of  starting  and  stopping  their 
motors,  but  to  watch  over  each  step  in  the  process  in  a 
predetermined  and  protective  manner,  and  this  process 
can  be  repeated  with  an  unvarying  accuracy  such  as 
is  impossible  with  manual  operation. 

A  series  of  articles  which  is  to  appear  in  the  Journal 
during  1917  on  the  subject  of  "Industrial  Controllers" 
will  present,  in  a  simple  and  thorough  manner,  the  prin- 
ciples upon  which  the  design  and  operation  of  controllers 
are  based.  One  of  the  first  necessities  for  the  student  of 
control  problems  is  to  know  "How  to  Read  Controller 
Diagrams,"  and  this  subject  is  treated  in  the  present 
issue.  Fundamental  principles  of  motor  operation  are  dis- 
cussed, along  with  details  as  to  how  various  combinations 
of  circuits  and  apparatus  are  indicated  diagrammatically. 
In  subsequent  sections  it  is  planned  to  discuss  methods  of 
acceleration,  the  essential  elements  of  control  equipments, 
and  reasons  for  the  selection  of  various  combinations  of 
elements  and  circuits  for  quite  a  number  of  typical  appli- 
cations in  different  industries.  A.  H.  McIn^ire 
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THE  laws  governing  heat  flow  and  temperature  dis- 
tributions are  so  similar,  in  many  respects,  to  those 
governing  electric  current  flow  and  electric  poten- 
tials that  it  is  rather  surprising  that  the  former  have 
received  so  little  attention  in  comparison  with  the  latter. 
Some  of  the  conditions  which  fix  the  temperatures  in 
dififerent  parts  of  electric  apparatus  may  be  stated  as : — 

'  I- — The  heat  flow  between  two  points  is  proportional  to  their 
temperature  difference  and  to  the  heat  resistance  of  the  path  or 
paths  between  them.  Note  the  resemblance  to  Ohm's  law.  As  a 
corollary  it  should  be  evident  that  between  two  points  at  the 
same  temperature  there  should  be  no  flow  of  heat. 

2 — The  total  temperature  drop  between  any  two  points  or 
media  of  different  temperatures  will  be  the  same  through  all 
paths  of  heat  flow. 

3 — There  are  no  true  non-conductors  of  heat  and,  con- 
versely, no  perfect  conductors. 

4 — Heat  conduction  and  electric  conduction  bear  some  quan- 
titative relation  to  each  other,  in  the  broad  sense  that  all  electric 
insulators  are  relatively  poor  heat  conductors,  while  good  elec- 
tric conductors  arc  correspondingly  good  heat  conductors.  There 
is  apparently  no  rigid  relation  between  the  heat  resistance  and 
electric  resistance  of  the  various  materials  used  in  electric  ma- 
chinery, but  the  general  relation  holds  and  there  are  apparently 
no  radical  exceptions. 

5 — The  rise  in  temperature  at  any  point,  due  to  generation 
of  heat,  is  dependent  (a)  upon  the  total  heat  generated,  and  (b) 
upon  the  amount  of  heat  which  can  be  carried  away  along  all 
available  paths  per  degree  of  temperature  difference.  The  tem- 
perature will  rise  until  the  heat  dissipation  equals  the  heat  gen- 
eration. 

6 — There  are  two  ways  to  lessen  the  heat  flow  along  any 
path: — (a)  By  interposing  higher  heat-resisting  materials,  (b) 
By  lessening  the  temperature  difference,  as  by  raising  the  tem- 
perature of  the  part  through  which  the  heat  is  to  be  conducted. 
Conversely,  the  heat  flow  can  be  increased  along  any  path  by  the 
use  of  better  heat-conductiiig  materials  or  by  paths  of  lower 
heat  resistance,  and  by  lowering  the  temperature  of  any  part  to 
which  the  heat  is  to  flow. 

What  makes  the  problem  unduly  complicated,  in  elec- 
trical machinery,  is  the  fact  that  there  are  several  differ- 
ent sources  of  heat  generation,  which  may  be,  and  often 
are,  all  active  at  the  same  time.  Moreover,  the  heat 
losses  may  be  distributed  through  the  various  heat-con- 
ducting paths  in  such  a  way  as  to  render  any  calculation 
very  difficult  and  more  or  less  inexact,  except  in  a  gen- 
eral way.  For  example,  there  is  heat  generated  by 
losses  in  the  copper  obeying  one  law ;  while  there  is  heat 
generated  in  the  iron  under  a  different  law ;  and  there 
may  be  heat  generated  by  windage  and  friction,  accord- 
ing to  a  third  law.    As  these  different  losses  may  act  in 


different  parts  of  the  heat  conducting  circuit,  it  should  be 
evident  that  the  problem  of  determining  the  exact  heat 
distributions  and  temperatures  is  a  very  complex  one. 
An  armature  slot  with  the  surrounding  iron,  and  with 
two  separate  "coils"  per  slot,  is  shown  in  Fig.  i.  As- 
sume that  a  represents  the  part  at  highest  temperature. 
The  heat  from  this  part  can  flow  along  two  general 
paths,  longitudinally  through  the  copper  to  the  end  wind- 
ings and  thence  to  the  air,  and  laterally  through  the  insu- 
lation to  the  surrounding  iron. 

LONGITUDIN.AL    IIE.VT   FLOW 

Starting  in  the  coil  at  the  point  a,  the  first  unit  of 
length  will  have  a  certain  loss.  If  the  heat  generated  by 
this  first  unit  loss  were  all  that  need  be  considered,  then 
the  drop  in  temperature  from  the  point  a  to  the  end 


♦From  a  paper  read  before  the  American  Institute  of  Elec- 
trical Engineers,  Nov.  27,  1916. 


FIG.   I — Hi;.\T  DISSIPATION   FROM   AN   ARMATURK  COir, 

Partly  embedded  in  slot. 

windings  would  be  simply  a  function  of  the  heat-con- 
ducting properties  of  the  conductor  itself.  But  the  next 
unit  length  is  also  generating  its  own  unit  loss,  so  that 
the  heat  flow  from  the  second  to  the  third  unit  length 
is  due  to  two  units  loss,  etc.  Therefore,  the  temperature 
drop,  or  temperature  difference  per  unit  length  of  con- 
ductor, increases  as  the  point  a  is  departed  from  and, 
if  it  is  at  a  considerable  distance  from  the  end  winding 
and  the  losses  per  unit  length  are  high,  a  high  tempera- 
ture may  be  required  at  a  to  conduct  heat  longitudinally 
to  the  end  windings.  In  very  wide  core  machines,  the 
longitudinal  drop  may  be  so  great  that  the  temperature  at 
a  will  be  so  far  above  that  of  the  surrounding  iron 
that  a  large  percentage  of  the  heat  is  conducted  laterally 
through  the  insulation  to  the  iron.  In  narrow  cores,  the 
drop  to  the  end  windings  may  be  very  low,  possibly  five 
to  ten  degrees.  With  light  loads  on  a  machine  the  coil  loss 
is  low,  while  the  iron  loss  remains  fairly  constant  for  all 
loads.  In  such  case  there  may  be  heat  flow  from  the  iron 
to  the  copper  along  the  whole  length  of  the  buried  por- 
tion of  the  coil.  At  higher  loads,  the  copper  loss  varying 
as  the  square  of  the  load,  the  increased  longitudinal  drop 
will  bring  the  copper  temperature  above  that  of  the  iron 
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so  that  the  heat  flow  is  from  copper  to  iron,  as  illustrated 
by  Fig.  2. 

LATERAL  HEAT  FLOW 

The  temperature  conditions  for  lateral  heat  flow  in  a 
section  of  an  armature  are  shown  in  Fig.  3.  Assume 
that  the  copper  temperature  inside  the  coil  insulation  is 
100  degrees  C,  the -iron  temperature  70  degrees,  and  the 
air  temperature  30  degrees,  then  the  following  conclu- 
sions may  be  drawn : — 

(a)  From  tlie  outer  coil  next  to  the  air-gap  through  the 
wedge  to  the  air-gap  the  temperature  drop  will  be  100  —  30  = 
70  degrees.  Obviously,  any  temperature  measurement  made 
outside  the  wedge  will  approximate  the  temperature  of  the  air 
and  not  of  the  copper.  Any  temperature  measurement  made  be- 
neath the  supporting  wedge  will  measure  some  intermediate 
temperature  between  the  copper  and  the  air.  If  the  temperature 
drop  through  the  wedge  should  be  equal  to  that  through  the 
insulation,  then  a  measurement  underneath  the  wedge  should 
show  half  the  temperature  drop  through  insulation  and  wedge 
and,  obviously,  the  measured  temperature  would  be  far  below 
that  of  the  copper. 

(b)  If  the  temperature  is  measured  at  the  outside  of.  the 
coil,  between  the  iron  and  the  insulation,  it  would  approximate 
the  temperature  of  the  iron.  If  the  iron  should  be  at  dififerent 
temperatures  at  the  sides  of  the  slot  and  at  the  bottom,  then 
obviously  different  readings  would  be  obtained,  depending  upon 
the  location  of  the  measuring  device.  It  is  evident  that  such 
temperature  measurements  give  no  indication  whatever  as  to  the 
true  internal  temperatures  of  the  coil,  for  the  heat  flow  and  the 
resistance  of  the  insulation  are  nowise  involved  in  the  measure- 
ment. 

(c)  At  a  point  a,  between  the  two  coils,  there  should  be 
but  little  heat  flow  through  the  insulation,  unless  the  copper  is 
comparatively  narrow.  If  there  is  but  little  heat  flow  through 
the  insulation  at  this  point,  then  eventually  the  temperature  at 
the  point  a  must  rise  to  approximately  that  of  the  copper  in  the 
two  coils.  Therefore,  a  measuring  device  located  at  a  will  ap- 
proximate the  temperature  of  the  copper  itself.  Therefore,  as 
a  practical  method  of  temperature  determination,  a  thermo- 
couple located  at  a  is  the  most  satisfactory  device.  However, 
the  location  of  the  point  a  along  the  slot  is  also  of  importance 
on  account  of  the  longitudinal  flow  of  heat  in  the  conductor 
and  the  consequent  temperature  drop.  In  other  words,  the 
direction  of  heat  flow  in  the  coil  itself  must  be  taken  into  ac- 
count. This  is  usually  determined,  in  a  general  way,  for  a  given 
type  or  line  of  machines,  by  locating  several  thermocouples 
along  the  slots.  With  narrow  slots  and  comparatively  thin  con- 
ductors, and  especially  with  very  heavy  insulation,  there  is  some 
flow  of  heat  through  the  insulation  which  lies  between  the  two 
coils,  this  heat  passing  out  sidewise  to  the  iron.  In  such  case, 
the  point  a  may  be  of  somewhat  lower  temperature  than  the 
copper. 

FLOW  THROUGH  IRON   PARTS 

In  the  ordinary  armattire,  after  the  heat  passes 
from  the  copper  to  the  iron,  there  is  still  quite  a  problem 
involved  in  the  dissipation  to  the  air.  There  are  two 
general  paths  of  heat  conduction  in  armature  cores ; 
namely,  a  flow  along  the  laminations  to  where  their 
edges  come  in  contact  with  the  air  or  with  other  ma- 
terial, and  a  flow  across  the  laminations  toward  heat- 
dissipating  surfaces.  The  flow  along  the  laminations 
may  be  calculated  with  fair  accuracy.  Across  them  it  is 
difficult  to  determine  such  flow,  because  the  laminations 
are  insulated  from  each  other  by  materials  which  are 


poor  heat  conductors.  Also  such  flow  may  be  afifected  by 
])ressure.  According  to  figures  available,  the  heat  flow 
])er  unit  volume  of  material  along  the  laminations  is  from 
ten  to  one  hundred  times  as  great,  for  a  given  tempera- 
ture difference,  as  across  them.  Obviously,  therefore, 
heat  dissipation  from  the  iron  by  flow  across  the  lamina- 
tions is  relatively  inefficient,  yet  in  the  vast  majority  of 
rotating  machines  the  heat  dissipation  is  largely  across 
the  laminations.  The  reason  for  this  is  that  by  placing 
ventilating  passages  or  ducts,  parallel  with  the  lamina- 
tions, at  frequent  intervals  in  the  core,  the  cross-section 
of  the  heat  path  in  the  intervening  iron  sections  may  be 
made  very  large  compared  with  the  heat  to  be  dissipated, 
so  that  the  density  of  flow  is  very  low  and  the  length  of 
the  heat  path  is  made  quite  short. 

HEAT  FLOW  TO  THE  AIR 

After  the  heat  has  passed  from  the  copper  to  the  iron, 
the  resultant  of  the  copper  and  iron  heats  must  be  con- 
ducted to  the  surrounding  air.  In  practice,  there  ap- 
pears to  be  a  film  of  air  which  adheres  very  closely  to 


SOX  Drop 

■  -  70"C  -WC  Rise 

in  Iron  with  Air  at  30'C 


FIG.  2  FIG  3 

Figs.  2  and  3 — Variation  of  copper,  temperature  with  load  for 
longitudinal  heat  flow  (Fig.  2),  and  temperature  condi- 
tions in  a  coil  for  lateral  heat  flow  (Fig.  3). 

the  solid  surfaces.  This  heat-insulating  film  retards  the 
flow  of  heat  to  the  cooling  air.  The  eiTect  of  any  consid- 
erable air  movement  over  a  heated  surface  appears  to  be 
that  of  scouring  this  hot  film  away  from  the  surface  and 
replacing  it  zvith  a  film  of  cooler  air.  Merely  scouring 
or  rubbing  the  hot  film  away  from  the  surface  is  not 
particularly  advantageous  unless  some  means  is  fur- 
nished for  supplying  an  ample  quantity  of  cooler  air  to 
replace  the  removed  hot  film.  Rapid  air  circulation,  by 
means  of  a  supply  of  air  from  the  outside,  appears  to 
accomplish  both  results  in  one  operation. 

From  the  preceding  analysis  it  would  appear  that  the 
relative  amount  of  heat  conducted  along  each  path  is 
dependent  upon  so  many  conditions,  which  vary  with 
the  load,  that  no  one  but  an  analytical  designer  backed 
by  experience  could  even  approximate  the  values  by  cal- 
culation.   However,  it  should  be  obvious  that  any  meas- 
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uring  device  applied  to  the  outside  or  cooling  surface 
does  not,  and  cannot,  directly  approximate  the  tempera- 
ture of  the  hottest  part,  except  in  those  rare  cases  where 
the  hottest  part  is  dissipating  heat  directly  to  the  air.  In 
any  coil  or  part  of  the  apparatus  which  is  heavily  insu- 
lated, that  is,  which  is  covered  by  poor  heat-conductmg 
materials,  an  external  temperature  measurement  is  an 
extremely  poor  indication  of  the  true  internal  tempera- 
ture, unless  many  other  conditions  are  known  which  may 
give'an  indication  of  the  internal  temperature  drops. 

EQUALIZ.\TION  OF  TEMPERATURE 

When  there  are  areas  of  different  temperatures  in 
an  armature  winding  such  difference  in  temperature  is 
maintained  by  the  continual  generation  of  heat  in  the 
various  parts.  But  the  moment  such  generation  is 
stopped  there  is  a  tendency  for  equalization  of  tempera- 
tures by  flow  of  heat  from  the  hotter  parts  to  the  cooler. 
In  good  heat-conducting  materials  such  equalization  may 
be  very  rapid,  so  that  a  temperature-indicating  instru- 
ment of  a  sluggish  type  may  not  indicate  anything  like 
the  true  maximum  temperature  if  applied  after  the  load 
is  removed. 

A  second  condition  which  tends  to  make  such  tempera- 
ture measurements  fallacious  lies  in  the  cooling  action  in 
the  interval  between  load  removal  and  shut-down  to  take 
temperature  measurements.  In  apparatus  which  de- 
pends upon  a  high  degree  of  artificial  cooling,  such  cool- 
ing effect  may  be  considerable.  This  is  particularly  true 
of  high-speed  machines  which  require  considerable  time 
to  come  to  a  standstill.  It  is,  therefore,  desirable  in  such 
machines  to  obtain  all  possible  temperature  readings  at 
normal  speed  and  with  load.  In  rotating  field  machines 
this  is,  to  a  certain  extent,  practicable,  but  in  most 
rotating  armature  machines  the  armature  temperatures 
usually  are  not  attainable  until  the  machine  i.s  brought 
to  a  standstill.  One  method  for  lessening  the  sluggish- 
ness which  has  been  proposed  is  to  heat  the  thermom- 
eters to  the  normal  operating  temperature  of  the  part  to 
be  measured  while  the  machine  is  still  carrying  load.  At 
the  moment  of  shut-down  the  heated  thermometer  is  ap- 
plied. This,  to  a  certain  extent,  removes  the  factor  of 
sluggishness  in  the  thermometer  itself,  but  is  only  a  par- 
tial compensation.  It  must  be  considered  that  the  out- 
side of  the  insulation  is  at  a  lower  temperature  than  the 
inside,  and  that,  therefore,  t-he  body  of  the  insulation 
itself  must  have  its  temperature  increased  by  flow  of 
heat  from  other  parts. 

FALLACIES  IN  TEMPERATURE  GUARANTEES  AND 
MEASUREMENTS 

The  manufacturers  of  electrical  apparatus  long  ago 
recognized  that  there  were  liable  to  be  hotter  parts  in 
machines  than  any  thermometer  readings  would  indicate. 
They,  therefore,  designed  machines  with  regard  to  the 
highest  possible  temperatures  in  service,  rather  than  any 
temperature  which  the  exposed  parts  of  "the  machine 
would  show.    Thus,  in  designing  a  certain  machine  for 


safety  at  the  hottest  part,  not  infrequently  the  exposed 
parts  of  the  winding  would  show,  by  thermometer,  com- 
paratively low  temperatures,  such  as  25  to  35  degrees 
rise.  Therefore,  as  the  observable  temperature  readings 
were  so  low  it  became  the  fashion  to  call  for  35  degrees 
guarantees  and,  in  many  cases,  the  operating  public  lost 
sight  of  the  real  meaning  of  such  low  temperatures. 
Among  the  designers  of  electrical  machinery  it  was  rec- 
ognized that  a  temperature  rise  of  35  degrees  was  ab- 
surdly low,  but  that  the  object  in  operating  a  part  which 
could  be  measured  at  such  low  temperature  was  simply  to 
protect  the  machine  in  some  inaccessible  hotter  part, 
where  the  temperature  could  not  be  measured.  From  the 
present  viewpoint  it  is  astonishing  what  reliance  has  been 
placed  upon  temperature  readings  in  the  past.  For  exam- 
ple, if  a  40  degree  machine  showed  41.5  degrees  rise  on 
test,  it  was  unsafe,  while  if  it  showed  38.5  degrees  rise, 
it  was  good.  We  now  recognize  that  neither  of  these 
temperatures  have  any  controlling  value  unless  many 
other  conditions  are  known.  To  the  experienced  man 
they  simply  mean  that  compared  with  the  other  machines 
of  similar  constructions  and  characteristics  which  have 
proven  satisfactory  in  service  they  are  reasonably  safe. 
To  the  designer  they  mean  that  when  proper  corrections 
have  been  made  for  the  various  internal  temperature 
drops,  the  highest  temperature  attained  at  any  point  will 
be  within  the  limits  of  durability  of  the  insulating  ma- 
terial used.  The  whole  problem  is  a  good  deal  like  that 
of  a  determination  of  the  voltage  generated  in  a  given 
power  house  by  measuring  the  voltage  at  the  end  of  a 
transmission  line.  If  we  know  all  the  constants  of  the 
line,  and  know  the  current  flowing,  etc.,  we  can  figure 
back  to  the  generated  voltage.  Otherwise  the  voltage  at 
the  end  of  the  line  means  but  little.  However,  we  know 
that  if  the  system  is  designed  with  reasonable  regard  to 
economy  in  general,  there  may  be  from  ten  to  twenty 
percent  voltage  drop  from  power  house  to  the  end  of 
the  line.  Therefore,  by  adding  an  approximate  correct- 
ing factor  to  this  voltage,  we  can  make  a  reasonable  esti- 
mate of  the  generated  voltage.  In  the  same  way,  in  elec- 
trical apparatus  of  certain  types,  a  reasonable  internal 
temperature  drop  may  be  approximated  which,  added  to 
the  observable  temperatures,  gives  a  fair  approximation 
to  the  hottest  part,  but  the  result  is  an  approximation 
and  must  be  recognized  as  such. 

ERRORS   IN   TEMPERATURE    MEASUREMENT 

It  has  been  shown  in  the  preceding  that  the  usual 
observable  temperatures  are  in  most  cases  only  approxi- 
mations to  the  real  temperature  conditions.  It  may  now 
be  shown  that  even  the  observable  temperatures,  obtained 
by  the  usual  means,  are  in  themselves  only  crude  ap- 
proximations in  many  cases.  Take,  for  instance,  the 
determination  of  temperature  by  increase  in  resistance ; 
when  the  coil  is  heated  its  temperature  may  not  be,  and 
very  frequently  is  not,  uniform  throughout  the  coil.  As 
an  extreme  example,  if  one-fifth  of  the  coil  length  has  a 
temperature  of  80  degrees,  while  four-fifths  of  it  has  a 
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rise  of  30  degrees,  then  the  increase  in  resistance  of  the 
coil  as  a  whole  will  correspond  to  a  rise  of  40  degrees. 
Thus,  by  increase  of  resistance,  the  temperature  may  be 
more  than  safe,  while  actually  one-fifth  of  the  coil  is  far 
above  the  safe  temperature  for  ordinary  fibrous  insula- 
tions. In  other  words,  the  resistance  method  gives  only 
average  results.  However,  where  it  is  known  by  experi- 
ence that  there  is  very  little  liability  of  hot  spots,  the 


FIG.  4 — THERMOMETER   METHOD  OF   MEASURING  TEMPERATURE 

resistance  method  of  determining  temperature  is  often 
quite  satisfactory.  However,  the  method  is  limited  to 
comparatively  few  types  of  windings. 

Considering  next  the  thermometer  method  of  meas- 
urement, the  theory  of  this  is  quite  simple,  but  appar- 
ently it  has  been  very  much  misunderstood.     In  wind- 
ings, except  in  rare  cases,  the  thermometer  is  not  applied 
directly  to  the  heat  generating  material  itself,  but  is  ap- 
plied outside  of  an  insulating  covering.    Usually  the  tem- 
perature drop  through  this  insulating  covering  does  not 
receive  any  consideration,  and  yet  everything  depends 
upon  it.    Assume,  for  example,  an  insulated  coil,  ther- 
mometer and  covering  pad,  as  shown  in  Fig.  4.    Assume 
that  the  copper  is  of  uniform  temperature,  and  the  cool- 
ing air  at  a  and  b  is  also  uniform ;  then  the  temperature 
drop  from  the  copper  to  b  will  be  the  same  as  through 
the  insulation,  thermometer  bulb  and  covering  pad  to  the 
air  at  a.     Obviously,  if  the  temperature  drops  through 
the  insulation  and  through  the  pad  are  equal,  then  the 
thermometer  bulb  will  show  a  midway  temperature.  This 
is,  of  course,  assuming  that  the  surface  drop  to  the  air, 
previously  referred  to,  is  very  small,  or  that  it  is  included 
as  part  of  the  drop  through  the  pad.    Therefore,  if  the 
drop  through  the  covering  pad  is  made  very  much  higher 
than  that  through  the  insulation  proper,  then  the  ther- 
mometer bulb  more  closely  approaches  the  copper  tem- 
perature.   Thus  it  is  seen  that  all  kinds  of  results  may 
be  obtained,  depending  upon  the  relative  drops  through 
the  pad  and  through  the  insulation.     In  a  low-voltage 
machine,   with  relatively  thin   insulation,  the  pad   may 
take  most  of  the  drop.    With  very  heavy  insulation,  the 
pad  may  take  proportionately  less  and  the  thermometer 
reading  departs  accordingly  from  the  copper  tempera- 
ture.    It  might  be  suggested  that  a  thick  pad  of  very 
poor  heat-conducting  material  might  be  used.    This  ap- 
parently would  tend  toward  more  accurate  temperature 
readings  but,  on  the  other  hand,  harmful  effects  may  be 
introduced  by  the  use  of  a  large  pad.    The  resistance  to 
heat  dissipation  being  increased  in  the  area  covered  by 
the  pad,  obviously  less  heat  will  be  carried  away  at  this 
point  and,  therefore,  the  heat  generated  under  the  pad 
must  be  conducted  to  adjacent  parts  of  the  coil.     This 
means  an  increased  temperature  at  this  point,  due  to  the 
use  of  the  pad.    Again,  the  use  of  the  pad  in  some  cases 


may  affect  the  normal  ventilation  of  certain  parts  of  the 
coil  not  directly  covered  by  the  pad.  For  instance,  if 
there  is  a  ventilating  space  between  two  adjacent  arma- 
ture coils,  through  which  air  is  normally  driven,  a  pad 
which  covers  this  space  even  partially  may  create  more 
or  less  of  an  air  pocket,  and  thus  materially  affect  the 
heat  dissipation  and  the  temperature  directly  under  the 
pad.  Experience  has  shown  that  both  of  the  above  con- 
ditions are  obtained  when  good  judgment  is  not  used  in 
the  application  of  the  covering  pad.  This  applies  partic- 
ularly to  those  cases  where  temperature  readings  are  ob- 
tained while  the  machine  is  in  operation.  Of  course, 
after  shut-down,  most  questions  of  ventilation  and  of 
generation  of  higher  temperature  under  the  pad  need  not 
be  taken  into  account. 

There  are  so  many  conditions  entering  into  the  inter- 
pretation of  the  thermometer  and  resistance  methods  of 
determining  temperature  that  in  certain  classes  of  ap- 
paratus it  has  been  very  desirable  to  find  more  accurate 
methods.  One  of  these  is  in  the  use  of  so-called  resist- 
ance coils.  In  this  method  a  coil  of  fine  wire  of  a  known 
temperature  coefficient,  and  of  known  resistance  at  a 
given  temperature,  is  located  at  the  place  where  the  tem- 
perature is  to  be  measured,  and  the  temperature  rise  is 
determined  from  the  increased  resistance  of  the  coil. 
One  serious  objection  to  this  arrangement  is  that  the 
resistance  coil  must  have  considerable  length  and  breadth 
so  that  it  really  indicates  the  average  temperature  of  a 
considerable  area  instead  of  a  point.  When  placed  be- 
tween two  coils,  as  indicated  in  Fig.  5,  it  usually  occupies 
so  great  a  proportion  of  the  slot  that  it  indicates  an 
average  temperature  considerably  lower  than  at  a.  Fur- 
thermore, on  account  of  the  length  of  such  coils,  there 
may  be  a  considerable  difference  between  the  tempera- 
tures at  the  two  ends.  Thus  the  resistance  coil,  like  the 
resistance  measurement  of  the  windings  themselves, 
gives  an  average  result,  but  this  average  may  be  limited 
to  a  comparatively  small  area,  whereas  in  the  resistance 
method  the  indicated  rise  is  an  average  of  the  whole 
winding.  However,  in  the  resistance  method  the  tem- 
perature   of    the    conductors    themselves    is    measured. 


Resistance  Coil 
FIG.  5 — RESISTANCE  COII.   METHOD  OF   MEASURING   TEMPERATURE 

whereas,  with  the  resistance  coil  the  temperature  meas- 
urement is  outside  the  insulation.  The  resistance  coil 
method  is,  therefore,  a  relatively  crude  approximation, 
although  when  introduced  it  was  really  an  important 
step  in  advance.  In  its  early  application  many  mislead- 
ing results  were  obtained,  due  largely  to  lack  of  under- 
standing of  the  principles  governing  temperature  dis- 
tribution and  temperature  drop.  In  some  cases  the  resist- 
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ance  coil  was  placed  under  the  wedge,  as  at  b  in  Fig.  5. 
In  other  cases  the  coil  was  placed  at  the  side  of  the  slot 
next  to  the  iron,  or  at  the  bottom.  Very  rarely  was  it 
placed  midway  between  the  two  coils,  probably  because 
this  was  a  more  difficult  application  and  also  because  the 
greater  accuracy  of  such  location  was  not  recognized. 


Temp,  at  Onter 
^Temp.  at  Edge 


Fig.  7 


FIGS.  6,  7  and  8— con.  of  three  conouctors  (Fig.  6),  v.\riation 

OF  TEMPER.\TVRK  through   coil    (Fig.   7).   AND  INCRE.\SED 

TEMPERATURE  OF  A  COIL  INDICATED  BY  HEAVIER 

SHADED   PORTIONS    (Fig.   8). 

A  later  development  than  the  resistance  coil  is  the 
thermocouple  as  a  practical  device  for  measuring  tem- 
perature. One  great  advantage  of  the  thermocouple  is 
its  very  small  size,  so  that  it  can  indicate  the  temperature 
at  practically  a  point  instead  of  a  considerable  area. 
Moreover,  as  it  is  a  zero  current  method  of  measure- 
ment, when  used  with  a  potentiometer  no  question  of 
size  or  length  of  the  connecting  leads  need  come  up.  The 
thermocouple  is  so  small  and  has  so  little  mass  that  it  can 
follow  temperature  changes  very  quickly.  If  properly 
placed  it  furnishes  the  most  accurate  temperature  indi- 
cator available.  However,  its  use  is  practically  limited 
to  stationary  apparatus.  In  rotating  apparatus  or  ro- 
tating parts  it  can  be  used  only  after  shut-down,  which 
introduces  errors,  as  already  shown. 

MANY-CONDUCTOR    COILS 

When  several  coils  or  conductors  are  placed  side  by 
side,  as  in  Fig.  6,  it  would  appear  at  first  glance  that  the 
middle  coils  should  heat  much  more  than  the  outer  ones. 
In  reality,  unless  there  are  many  layers  of  coils,  the  tem- 
peratures of  the  different  coils  will  not  vary  greatly  from 
each  other.  For  instance,  in  Fig.  6,  the  heat  generated  in 
the  middle  conductor  is  only  one-third  that  of  the  total 
generated  in  the  coil,  and  yet  the  two  side  surfaces 
through  which  this  heat  passes  to  the  adjacent  coils  ag- 
gregate almost  as  much  as  the  total  outside  dissipating 
surface  of  the  whole  coil,  through  which  all  the  lateral 
heat  flow  is  dissipated.  Considering  further  that  the  in- 
sulation between  the  middle  coil  and  its  neighbors  is  rela- 
tively thin  compared  with  the  outside  covering,  it  is  obvi- 
ous that  the  temperature  drop  from  this  coil  to  the  adja- 
cent ones  will  be  comparatively  small,  possibly  not  over 
ten  percent  of  the  drop  through  the  outside  insulation. 


However,  with  a  large  number  of  coils  side  by  side 
the  conditions  become  cumulatively  worse.  Here  the 
drop  from  the  middle  conductor  to  the  next  one  may  be 
small.  But  the  drop  from  the  second  conductor  to  the 
third  is  considerably  greater,  due  to  the  heat  of  two 
conductors  being  transmitted.  From  the  third  to  the 
fourth  there  is  a  drop  corresponding  to  the  losses  of 
three  conductors,  etc.  Thus  there  is  a  gradually  increas- 
ing temperature  drop  from  the  center  of  the  coil  toward 
the  outside  surface,  and  if  the  coil  be  very  deep,  that  is, 
if  it  consists  of  many  insulated  layers,  the  sum  total  of 
the  drops  may  be  quite  large,  as  indicated  in  Fig.  7.  Mod- 
ern design  tendencies  are  toward  comparatively  shallow 
field  coils,  largely  on  account  of  this  condition. 

DISCUSSION  BY  THE  AUTHOR 

The  fundamental  difference  between  Class  A  and  Class  B 
insulation  is  shown  in  Fig.  9  in  the  form  of  tinie-temperaturc 
curves  for  these  insulations.  These  curves  are  approximations 
only  as,  from  the  very  nature  of  the  materials,  no  e.xact  curves 
are  possible.  The  important  feature  to  be  considered  in  the 
curves  is  their  general  sliape  rather  than  any  absolute  values. 
A  great  many  temperature  tests  of  insulations  have  been  made 
to  determine  their  durability;  also  examinations  of  a  very  large 
number  of  windings  which  have  been  in  service  for  many  years, 
but  far  which  only  approximate  data  as  to  temperatures  was 
available.  Obviously,  it  is  impracticable  to  carry  on  an  accurate 
life  test  covering  a  long  period  of  years,  so  that  in  most  of  the 
tests  the  temperatures  were  carried  up  to  such  points  that  de- 
struction was  either  reached  or  indicated  in  a  comparatively 
limited  period  of   time. 

Curve  A  indicates  approximately  the  durability  of  Class  A 
insulations  for  various  temperatures.  Curve  B  applies  to  well- 
built  Class  B  insulations,  as  now  furnished  by  some  of  the  elec- 
trical manufacturing  companies.  Such  insulations  contain  a 
large  percentage  of  heat-resisting  materials  with  a  comparatively 
small  percent  of  binding  material,  and  the  insulation  is  applied 
so  tightly  that  deterioration  or  destruction  of  the  binder  does 
not  appreciably  loosen  up  the  true  insulating  material. 

Considering  curve  .1,  taking  105  degrees  C.  as  the  ultimate 
temperature  limit  for  long  life  without  undue  deterioration,  then 
with  a  very  slight  increase  in  temperature,  say  to  115  degrees, 
the  life  is  shortened  very  much,  and  at  125  degrees  such  insula- 
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FIG.   9— DUR-^BIIITV   OF    INSULATIONS 

tion  is  good  for  only  a  very  few  months  at  the  most.    At  150  de- 
grees it  has  an  exceedingly  short  life. 

Next  considering  curve  B,  available  data  indicates  that  for 
over  twelve  months'  operation  at  200  degrees  the  insulation  is  in 
first-class  shape;  in  fact,  much  better  than  Class  A  insulation 
at  no  degrees  for  the  same  length  of  time.  At  300  degrees  for 
six  months,  the  insulation  really  shows  better  than  Class  A  insu- 
lation at  IIS  degrees  for  the  same  length  of  time,  and  at  400 
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degrees  the  Class  B  insulation  for  three  months  is  better  than 
Class  A  insulation  at  125  degrees  for  the  same  length  of  time. 
Assuming  the  continuous  life  for  Class  B  insulation  at  150  de- 
grees, then  a  33  percent  increase  in  temperature  for  one  year  is 
no  more  harmful  than  a  five  percent  increase  in  temperature 
over  the  105  degrees  for  Class  A  insulation  for  one  year.  Also 
a  100  percent  increase  in  temperature  above  its  continuous  limit 
for  six  months  is  comparable  with  a  10  percent  increase  in  tem- 
perature for  Class  A  irfiulation  for  the  same  period.  For  still 
higher  temperatures  the  percentage  is  far  more  in  favor  of 
Class  B. 

This  brings  out  the  fact  that  the  factor  of  safety  for  over- 
loads is  vastly  greater  for  Class  B  than  for  Class  A  insulations, 
on  the  basis  of  continuous  life  being  taken  as  150  degrees  and 
105  degrees,  respectively.  Part  of  this  difference  is  inherent  in 
the  characteristics  of  the  materials  themselves  but,  no  doubt, 
part  of  it  is  due  to  the  fact  that  the  arbitrary  150  degree  limit 
set  for  properly  built  Class  B  materials  is  considerably  too  low 
in  comparison  with  105  degrees  for  Class  A.  But,  whatever  the 
explanation,  the  difference  is  there. 

In  regard  to  the  very  high  temperatures  for  Class  B  insula- 
tions, such  as  300  and  400  degrees  shown  in  curve  B,  unless 
there  is  an  exceedingly  high  temperature  drop  through  the  insu- 
lation itself,  any  outside  supporting  layer  or  wrapper  of  fibrous 
materials  is  liable  to  become  unduly  heated  and  may  disintegrate. 
Therefore,  while  the  insulation  proper  might  stand  400  degrees, 
yet  if  this  was  continued  for  any  considerable  length  of  time,  so 
that  the  outside  supporting  material  became  excessively  heated. 


such  material  would  have  to  be  of  something  else  than  the  usual 
treated  tape  or  fibrous  wrappers.  However,  it  so  happens  that 
very  high  temperatures  are  rarely  attained  in  practice,  except  in 
the  case  of  armature  conductors  buried  in  slots.  In  such  case 
the  surrounding  iron  assists  very  materially  in  cooling  the  finish- 
ing wrapper  on  the  coils,  unless  the  high  temperature  is  main- 
tained for  a  very  considerable  period. 

Some  are  inclined  to  look  askance  at  mica  at  150  to  200 
degrees,  but  it  must  be  remembered  that  in  certain  heating  ap- 
paratus mica  is  used  up  to  500  degrees  and,  in  some  cases,  even 
up  to  750  degrees.  Practically  all  rnicas  will  stand  up  to  about 
600  degrees,  without  undue  deterioration,  and  some  grades  will 
stand  up  to  1000  degrees.  From  this  viewpoint,  tlie  temperature 
of  150  to  200  degrees  in  armature  coils  appears  to  be  very  low 
and  the  whole  matter  turns  upon  the  way  such  mica  is  used.  If 
the  percentage  of  mica  in  the  insulation  is  relatively  high  and 
the  mica  is  put  on  so  tightly  that  the  binding  material  can  dis- 
integrate and  loosen  up  and  yet  the  natural  elasticity  or  springi- 
ness of  the  mica  can  hold  the  insulation  tightly  in  place,  then 
such  insulation  can  stand  very  high  temperatures  without  injury. 
But  if  the  mica  is  wound  or  placed  so  loosely  that  this  disin- 
tegration of  the  binding  or  supporting  material  allows  the  mica 
part  to  loosen  up  materially,  then  the  insulation  qualities  may 
still  be  very  good  from  the  dielectric  standpoint,  but  may  be  in 
such  poor  shape  mechanically  that  vibration  or  shocks  may  shift 
it  or  displace  it  sufficiently  to  injure  it  as  an  insulator.  The 
defect  here  is  a  mechanical  one  and  not  in  the  quality  of  the 
material  itself. 


F.  L.  Moon 

Power  Engineering  Dept., 

W'estinghouse  Electric  &  Mfg.  Company 


THERE  are  various  reasons  for  desiring  to  omit 
alternator  field  rheostats.  Cost,  weight,  bulk  and 
energy  loss,  which  are  some  of  their  objectionable 
features,  may  be  surprisingly  large  in  the  more  important 
installations.  For  example,  the  cost  of  a  large  rheostat 
installed  may  amount  to  several  thousand  dollars ;  the 
weight  may  amount  to  more  than  five  tons ;  and  the  vol- 
ume may  exceed  200  cubic  feet  in  extreme  instances. 
This  means  that  to  place  the  rheostat  properly  is  often  a 
real  problem  in  central  station  design,  and  this  problem 
is  further  complicated  by  the  heat  generated,  which 
is  in  itself  objectionable  as  a  waste  of  energy  from  the 
standpoint  of  plant  efficiency. 

In  general  terms,  the  generator  rheostat  is  required 
for  the  purpose  of  adapting  a  constant  voltage  source  of 
excitation  to  the  varying  excitation  requirements  of  the 
alternator.  Obviously,  if  the  field  rheostat  is  omitted,  a 
suitable  source  of  variable  excitation  must  be  provided, 
as  for  example,  an  independently-operated  exciter  for 
each  alternator,  or  a  boosting  and  bucking  series-con- 
nected generator  in  the  alternator  field  circuit. 

The  detailed  discussion  of  this  question  requires  the 
consideration  of  various  questions  : — The  type  of  excita- 
tion system,  the  range  in  exciting  voltage  required,  the 
ability  of  the  exciter  to  operate  satisfactorily  through 
this   range,  the  requirements   of  the  voltage  regulator 


when  automatic  voltage  regulation  is  involved,  and  re- 
serve excitation  apparatus. 

THE   EXCITATION   SYSTEM 

An  excitation  scheme  commonly  employed  is  the  so- 
called  common  exciter  bus  or  central  direct-current  sys- 
tem. The  main  circuits  in  a  station  operated  on  this 
plan,  having  two 
generators  and  two 
exciters,  are  shown 
in  Fig.  I.  Some  of 
the  functions  of  the 
main  field  rheostats 
in  such  a  plant 
are  as  follows ; — 
If  generator  A  is 
under  load  and  B  is 
up   to    speed    and 


FIG.    I — EXCITATION    SYSTEM 

Using  common  direct-current 
exciter  bus. 


about  to  be  syn- 
chronized, the  field 
of  B  is  connected  to 
the  exciter  bus  and  its  voltage  adjusted  to  that  of  A  by 
means  of  its  rheostat.  In  general,  the  voltage  required 
by  the  field  of  B  at  no  load  will  be  considerably  less  than 
that  of  A,  which  is  under  load.  Hence,  even  though  the 
exciter  voltage  were  the  exact  value  required  by  the  field 
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FIG.  2 — -INDIVIDUAI,  EXCITER 
SYSTEM 


of  A,  that  is,  rheostat  A  all  cut  out,  that  voltage  is  too 
high  for  B,  and  must  be  reduced  by  cutting  in  part  of 
rheostat  B.  After  synchronizing  B  is  brought  under  load 
and  its  field  excitation  increased.  This  lessens  the  load 
of  A,  and  its  excitation  needs  to  be  diminished  somewhat 
if  the  alternating  bus-bar  voltage  is  to  be  kept  constant. 
When  the  station  load  or 
power-factor  changes,  read- 
justment of  the  rheostats  of 
A  and  B  is  needed.  In  shut- 
ting down  a  unit,  the  pro- 
cedure is  almost  the  reverse 
of  that  used  in  starting  up, 
and  rheostats  are  used  for 
similar  purposes. 

With  the  common  l)us 
system  of  excitation,  the 
voltage  cannot  be  changed  to  suit  the  requirements  of  the 
individual  generator,  so  some  means  of  adapting  this 
voltage  to  the  generator  requirements  is  necessary.  If 
the  field  rheostats  are  omitted,  some  equivalent  must  be 
found.  A  substitute  is  the  booster,  particularly  when  a 
broad  range  in  exciting  voltage  is  required.  This  has  an 
advantage  over  the  rheostat  in  that  it  can  either  buck  or 
boost  the  voltage  of  the  exciter  bus  so  that  it  eliminates 
an  appreciable  part  of  the  power  loss,  and  it  occupies 
relatively  little  space.  This  .scheme  is  especially  desir- 
able where  the  main  units  are  very  large,  and  few  in 
number,  and  the  exciter  plant  is  used  to  supply  power  for 
lights  or  station  auxiliaries,  or  it  is  desired  to  float  a 
storage  battery  on  the  exciter  bus.  Automatic  alter- 
nating voltage  regulation  would  be  obtained  by  using  a 
regulator  to  control  the  booster  field. 

An  alternative  plan  to  the  central  direct-current  sys- 
tem is  the  individual  exciter  scheme,  which  involves  the 
independent  operation  of  exciters  and  the  provision  of 
an  exciter  for  each  main  unit.  An  elementary  diagram 
of  two  generators  and  two  exciters  connected  in  this 
manner  is  shown  in  Fig.  2.  It  is  apparent  that  there  are 
two  ways  of  controlling  the  excitation  of  the  main  field 
in  this  case.  One  is  to  use  a  rheostat  connected  in  series 
with  the  alternator  field ;  the  other  is  to  vary  the  exciter 
voltage,  by  means  of  the  exciter  field  rheostat,  which  is 
small  compared  to  a  rheostat  connected  in  series  with  the 
main  field.  This  second  method  is  feasible,  for  the 
reason  that  a  change  in  the  voltage  of  one  exciter  does 
not  aflfect  the  excitation  of  other  units.  The  voltage  of 
the  source  of  excitation  in  this  case  can  be  varied  to  suit 
the  requirements  of  the  individual  generator,  and  it 
thus  becomes  possible  to  leave  out  the  main  rheostats, 
although  it  is  not  always  advisable  to  do  so.  The  sep- 
arate exciter  arrangement  oflfers  greater  possibilities, 
perhaps,  than  any  other  scheme  for  rendering  main  rheo- 
stats unnecessary. 

EXCITER  VOLTAGE  STABILITY 

A  factor  that  needs  consideration  is  the  ease  or  cer- 
tainty of  adjustment  of  alternator  excitation  obtained 


with  the  exciter  field  rheostat.  This  question  does  not 
arise  as  long  as  the  magnetic  circuit  of  the  exciter  is  sat- 
urated, which  is  the  usual  condition  in  normal  operation. 
Direct-current  generators  usually  are  operated  above  the 
bend  in  the  saturation  curve,  as  it  is  considered  neces- 
sary to  operate  at  a  point  where  the  terminal  voltage 
increases  much  less  tlian  in  proporpon  to  the  excitation, 
in  order  to  insure  stability.  Undoubtedly  this  is  an  im- 
portant consideration  where  the  generators  are  to  sup- 
ply power  to  constant  potential  circuits.  But  the  condi- 
tions are  more  favorable  when  the  load  is  an  alternator 
field.  Such  a  load  is  subject  only  to  slow  change  due  to 
heating,  and  sudden  fluctuations  are  altogether  absent. 
Resides,  it  is  generally  necessary  to  maintain  low  exciter 
voltage  only  for  infrequent  and  brief  intervals.  Suppose 
S,  Fig.  3,  to  be  the  exciter  saturation  curve  for  constant 
resistance  load,  and  R  the  position  of  the  volt-ampere 
characteristic  of  the  shunt  field.  When  permitted  to 
build  up,  the  voltage  will  rise  to  the  point  a  and  stop. 
It  is  evident  that  a  moderate  change  in  the  position  of 
the  saturation  curve,  such  as  would  result  from  a  change 
in  speed  or  a  change  in  load,  would  have  a  small  effect  on 
the  voltage.  If  the  shunt  field  resistance  is  increased 
until  R  assumes  the  position  R' ,  the  new  intersection  is 
/',  and  the  terminal  voltage  assumes  a  value  correspond- 
ing to  this  point.  Under  this  condition  a  change  in  speed 
or  load  would  make  more  dififerencc  in  the  terminal  volt- 
age than  before,  for  at  h  the  slopes  of  R'  and  5"  are  not 
very  different.  At  this  point  also  a  slight  change  in  the 
resistance  of  the  shunt  field  circuit  would  make  a  larger 
difference  in  the  terminal  voltage,  and  for  the  same  rea- 
son. This  indicates  that  the  exciter  field  rheostat  should 
have  rather  fine  steps  in  order  to  obtain  closer  adjust- 
ment of  exciter  voltage.  The  influence  of  load  changes 
can  be  minimized  by  having  a  certain  amount  of  series 
field  in  the  exciter.  In  view  of  the  above,  it  is  to  be 
expected  that  with  ordi- 
nary exciters  the  excita- 
tion of  the  alternator  at 
low  values  is  not  under 
such  nice  control  of  the 
exciter  field  rheostat  as 
when  a  constant  potential 
source  is  used  and  adjust- 
ment obtained  by  resist- 
ance in  series  with  the 
main  field.  Furthermore, 
it  is  evident  that  more  or 
less  attention  to  the  ex- 
citer field  rheostat  may  be 
required  at  very  low  ex- 
citer voltages.  Lack  of 
attention  might  result  in  a  considerable  increase  of,  or 
even  in  failure  of  the  voltage.  This  would  cause  some 
disturbance  if  it  happened  unnoticed  by  the  oper- 
ator at  the  moment  of  synchronizing,  for  instance. 
Hence,  where  very  low  excitation  is  required  at  no  load, 
it  would  seem  advisable  to  install  a  main  field  rheostat  of 


FIG.  3 — EFFECT  OF  VARYING  THE 
SHUNT  CIRCUIT  RESISTANCE 
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FIG.   4 — INDIVIDUAI,   EXCITER 
SYSTEM 

For   use    with    voltage    regu- 
lator ;   a  a'   are  equalizing 
rheostats  and  b  b'  are  ex- 
citer field  rheostats. 


sufficient  capacity  to  render  unnecessary  the  operation  of 
the  exciter  on  the  straight  portion  of  its  saturation  curve, 
or  else  improve  the  stabiHty  of  the  exciter.  Direct-cur- 
rent generators  have  been  built  for  exciter  service  with 
saturation  curves  that  bend  away  from  the  air-gap  line 
at  an  unusually  low  vohage.  This  permits  nicer  adjust- 
ment and  results  in  more 
stable  voltage  than  is  ob- 
tained with  the  ordinary 
machine.  Such  exciters  are 
somewhat  more  expensive 
and  slightly  less  efficient 
than  standard  machines. 
Another  way  to  obtain  bet- 
ter control  of  the  exciter 
voltage  is  separate  excita- 
tion of  the  exciter.  This  re- 
quires a  source  of  constant 
potential  and  a  means  of  ad- 
justing the  voltage  applied 
to  the  exciter  field.  This  could  be  done  by  means  of  a 
variable  resistance  in  series  with  the  field  winding,  or  else 
the  latter  could  be  connected  to  the  supply  through  a 
three-point  rheostat.  As  a  source  of  supply  a  small 
motor-generator  might  be  used ;  or  better  still,  a  small 
storage  battery.  The  latter  arrangement  possesses  the 
objectionable  features  of  considerable  cost  and  compli- 
cation, due  to  charging  equipment  necessary,  but  has  the 
advantage  of  greater  reliability.  With  separate  excita- 
tion, the  exciter  field  current  is  entirely  independent  of 
the  load  or  speed  of  the  exciter,  but  depends  only  on  the 
setting  of  the  field  rheostat.  The  advantage  gained 
would  be  more  rapid  and  certain  adjustment  of  the  ex- 
citer voltage  and  less  responsiveness  to  disturbing  influ- 
ences than  is  obtained  in  the  ordinary  self-excited  ma- 
chine. Separate  excitation  cannot  be  applied  where 
automatic  voltage  regulators  are  used.  An  attempt  to  do 
so  would  result  unsatisfactorily,  due  to  sluggish  response 
of  the  exciter.  This  fact  seriously  limits  the  field  of 
application  of  such  a  scheme. 

VOLTAGE    RANGE 

The  question  of  exciter  voltage  stability  at  low  values 
makes  it  necessary  to  consider  the  range  of  exciting  volt- 
age required  at  the  alternator  collector  rings.  Usually 
this  is  the  range  from  normal  voltage  on  open  circuit  to 
full-load  normal  voltage  of  the  alternator.  This  range 
frequently  exceeds  2  to  i,  and  occasionally  reaches  3  to  i. 
If  the  power-factor  under  load  is  lagging,  the  tendency 
is  toward  a  wide  range.  Another  operating  condition 
that  tends  to  a  wider  range  is  a  low  leading  power-factor. 
This  is  apt  to  be  found  where  a  generator  is  used  to 
charge  a  transmission  line  at  light  load.  This  leading 
current  has  a  magnetizing  efifect  upon  the  alternator  field, 
so  its  field  excitation  must  be  reduced  to  a  low  value  if 
the  alternating  voltage  is  to  be  kept  down  to  normal. 
Besides,  this  condition  is  not  a  momentary  one,  as  when 
the  exciting  voltage  is  made  low  in  starting  up  or  shut- 
ting down  an  alternator  in  the  usual  manner.     Though 


a  broad  range  regulator  takes  care  of  such  a  situation 
very  well,  it  may  be  considered  essential  from  the  stand- 
point of  reliability  that  the  results  be  equally  certain  with 
hand  control,  which  would  be  resorted  to  with  the  regu- 
lator out  of  service,  or  where  no  regulator  is  provided. 
As  previously  pointed  out,  such  a  condition  would  prob- 
ably necessitate  some  attention  to  the  exciter  field  rheo- 
stat, unless  special  means  are  used  to  improve  the  voltage 
stability.  Otherwise,  main  field  rheostats  must  be  pro- 
vided to  make  it  unnecessary  to  operate  the  exciter  at  the 
low  voltage. 

AUTOMATIC    VOLTAGE    REGULATION 

The  only  type  of  voltage  regulator  available  until 
recently  has,  as  a  part  of  its  main  control,  a  direct- 
current  solenoid,  which  is  energized  from  the  exciter 
bus.  This  necessitated  the  operation  of  the  exciters  in 
multiple,  unless  a  regulator  was  provided  for  each  unit. 
There  is  now  available  a  regulator  which  has  a  main  con- 
trol entirely  by  alternating  current  and,  as  a  conse- 
quence, controls  satisfactorily  independent  exciters,  as 
well  as  exciters  in  parallel.  And  where  a  separate  source 
is  available  for  energizing  the  relays,  it  may  be  used  for 
a  practically  unlimited  range  of  exciter  voltage.  Where 
an  automatic  regulator  is  used,  each  exciter  field  circuit 
includes  two  rheostats,  as  indicated  in  Fig.  4.  One  is 
intermittently  short-circuited  by  the  regulator,  and  the 
other,  known  as  the  equalizing  rheostat,  is  used  for  hand 
adjustment. 

Let  the  exciter  saturation  curve  be  represented  by  C, 
Fig.  5,  and  the  volt-ampere  characteristic  of  the  exciter 
field  winding  alone  by  A,  and  with  equalizing  rheostat 
included  by  B.  When  the  regulator  contacts  are  closed, 
that  is,  the  exciter  field  rheostat  short-circuited,  the  total 
field  resistance  line  has  the  position  B,  and  the  exciter 
voltage  builds  up.  With  the  contacts  open,  the  resistance 
in  the  exciter  field  circuit  is  greater  than  before,  and  its 
characteristic  has  the  position  D,  say ;  under  this  condi- 
tion the  exciter  voltage 
drops.  The  beating  of  the 
relays,  therefore,  causes 
the  exciter  voltage  to  rise 
and  fall  alternately,  or  to 
oscillate  about  some  mean 
value,  as  £.  For  a  differ- 
ent vibration  of  the  regu- 
lator, E  would  be  some- 
where else  on  the  curve 
C.  A  change  in  the  equal- 
izing rheostat  also  would 
result  in  a  change  in  the 
location  of  E.  Suppose 
more  of  the  equalizing 
resistance  is  used :  then  B  and  D  assume  new  positions 
as  B'  and  D' ;  and  assuming  the  same  vibration  of  the 
regulator,  the  effective  resistance  of  the  shunt  field  cir- 
cuit is  increased,  and  the  exciter  voltage  will  drop  to 
some  value  F.  That  this  would  happen  is  evident,  since 
the  distance  between  C  and  B  is  less  than  that  between 


FIG.   5 — EXCITER  CHARACTERISTICS 
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C  and  B',  so  the  tendency  of  the  exciter  voltage  to  build 
up  is  less  than  before ;  and  the  distance  between  C  and 
D'  is  greater  than  that  between  C  and  D,  hence  the  tend- 
ency of  the  exciter  voltage  to  drop,  when  the  relay  con- 
tacts are  open,  is  increased.  In  this  way  the  exciter  volt- 
age responds  to  readjustment  of  the  equalizing  rheostat. 

When  a  generator  is  about  to  be  synchronized  and  the 
vohage  of  the  incoming  generator  is  being  made  equal 
to  the  bus  voltage  the  action  is  as  described  above.  When 
the  machine  is  connected  to  the  bus,  the  ef¥ect  of  a  change 
in  the  setting  of  the  equalizer  rheostat  is  somewhat  less 
than  under  the  previous  condition,  for  any  such  change 
affects  the  rate  of  vibration  of  the  regulator.  Suppose 
that  more  of  the  equalizing  resistance  is  turned  out ;  the 
exciter  voltage  will  rise,  and  with  it  the  excitation  of  the 
generator  to  which  it  is  connected.  This  increased  excita- 
tion tends  to  raise  the  station  voltage,  but  the  regulator 
counteracts  this  tendency  by  a  change  in  vibration, 
which  lowers  the  voltage  of  all  the  exciters.  This  is  what 
happens  when  the  equalizer  rheostat  setting  is  varied  to 
change  the  division  of  the  reactive  load  among  the  ma- 
chines. 

It  is  thus  apparent  that  adjustment  of  the  exciter 
voltage  where  individual  exciters  are  controlled  auto- 
matically can  be  obtained  by  means  of  the  equalizing 
rheostat.  Therefore,  normally  there  is  no  function  to  be 
performed  by  main  rheostats  in  such  a  plant.  The  regu- 
lators compensate  for  changes  in  load  and  power-factor, 
and  the  equalizing  rheostats  are  used  to  adjust  the  alter- 
nator voltage  in  starting,  or  to  change  the  division  of 
reactive  load.  In  a  case  where  it  is  desired,  for  some 
reason,  to  use  a  standard  range  regulator,  although  the 
exciter  voltage  range  required  by  the  alternator  exceeds 
2  to  I,  main  field  rheostats  can  be  provided  in  order  to 
make  it  unnecessary  to  reduce  the  exciter  voltage  below 
the  range  of  the  regulator.  Where  the  exciters  are  oper- 
ated in  multiple,  the  necessity  of  having  main  rheostats 
is  not  changed  when  automatic  voltage  regulators  are 
applied.  It  is  true  that  the  regulator  takes  care  of 
changes  in  load  conditions,  so  main  rheostats  are  not 
needed  for  this  purpose.     But  to  adjust  the  generator 


excitation,  as  when  starting  or  stopping,  or  to  obtain 
proper  division  of  the  reactive  load,  main  rheostats  are 
as  much  needed  as  ever.  Unless  the  alternators  are  all 
of  the  same  design,  at  corresponding  loads,  the  drop  in 
voltage  in  the  field  winding  will  not  be  the  same  for  all 
generators.  The  exciter  bus  voltage,  of  course,  must  be 
sufficient  for  the  field  requiring  the  most  voltage,  and 
resistance  must  be  put  in  series  with  each  of  the  other 
fields,  if  improper  division  of  the  reactive  load  is  to  be 
prevented.  The  proper  amount  of  resistance  is  deter- 
mined when  the  regulator  is  installed,  and  the  rheostat 
position  is  marked.  The  use  of  rheostats,  when  starting 
or  shutting  down  a  unit,  is  about  the  same  as  if  no  regu- 
lator were  used  except  that,  after  synchronizing,  the 
main  rheostat  is  turned  to  the  marked  position  and  left 
there.  Voltage  regulators  are  taken  out  of  service  occa- 
sionally, and  when  this  is  done,  in  a  plant  having  exciters 
in  multiple,  hand  control  of  the  main  rheostats  nuist  be 
resorted  to. 

RESERVE  EXCITATION  APPARATUS 

No  matter  what  equipment  is  provided  in  a  central 
direct-current  system  as  a  reserve,  the  condition  that  the 
exciter  bus  voltage  cannot  be  changed  to  suit  the  needs 
of  an  individual  generator  still  obtain,  so  the  necessity 
of  providing  main  field  rheostats  is  not  affected  in  the 
least.  Where  independent  exciters  are  used,  the  reserve 
may  make  a  difference.  Such  plants  are  sometimes  pro- 
vided with  a  storage  battery  or  an  auxiliary  exciter  set, 
for  use  in  emergency.  The  voltage  of  a  storage  battery 
cannot  be  varied  over  much  of  a  range,  and  a  rheostat  in 
series  with  the  alternator  field  is  needed  in  order  to  adapt 
the  voltage  of  this  source  to  the  needs  of  the  alternator. 
If  it  must  be  possible  to  excite  two  or  more  generators 
at  one  time  from  this  storage  battery,  the  situation  is  sim- 
ilar to  the  central  direct-current  system,  so  far  as  need 
of  field  rheostats  is  concerned.  It  might  be  thought  that 
the  voltage  of  an  auxiliary  exciter  could  be  adjusted  to 
suit  a  particular  generator,  but  if  it  must  be  possible  to 
excite  more  than  one  generator  from  this  source,  at  the 
same  time,  main  rheostats  must  be  provided  just  as  in 
the  case  of  exciters  operated  on  common  bus. 
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IN  THE  operation  of  power  plants  generating  direct 
current  it  frequently  becomes  necessary  to  run  the 
generating  units  in  parallel.  Exciters  for  alternating- 
current  generators  are  also  frequently  paralleled,  the 
shunt  fields  of  the  alternating-current  generators  being 
excited  from  common  bus-bars. 

Certain  conditions  must  be  met  in  order  to  insure  the 
successful  operation  of  direct-current  machines  in  par- 


allel, whether  commutating-pole  or  non-commutating- 
pole.  However,  only  those  conditions  effected  by  the 
commutating-poles  will  be  considered. 

INHERENT  DROOPING  VOLTAGE  CHARACTERISTIC 

The  armatures  of  direct-current  machines  which  are 
to  be  operated  in  parallel  must  have  inherent  drooping 
voltage  characteristics.    By  this  is  meant  that  with  con- 
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stant  field  excitation  the  voltage  across  the  armature  must 
tend  to  decrease  with  an  increase  of  load.  Of  course, 
the  voltage  across  the  terminals  of  a  compound  machine 
may  actually  increase  with  increase  of  load,  but  this  will 
be  due  to  the  additional  flux  provided  by  the  series  field, 
and  the  machine  will  divide  its  load  with  other  machines 


FIG.  I — ARMATURE  VOLTAGE 
CHARACTERISTICS 


FIG.  2 — COMMUTATING-rOLE  FLUX 
CHARACTERISTICS 


if  the  armatures  are  connected  in  parallel  inside  the 
series  field  connection  by  means  of  an  equalizer.*  A 
drooping  voltage  characteristic,  such  as  shown  in  Fig. 
I  {A),  gives  the  machine  a  tendency  to  shirk  its  load; 
i.  e.,  an  increase  of  load  from  any  cause  will  produce 
a  drop  in  voltage,  and  vice  versa. 

A  rising  armature  characteristic,  such  as  shown  in 
Fig.  i(B),  results  in  unstable  parallel  operation.  An  in- 
crease of  load  is  accompanied  by  an  increase  of  voltage, 
which  in  turn  results  in  a  further  increase  of  load,  and 
finally  the  machine  tends  to  monopolize  the  entire  load 
and  even  feed  back  current  into  the  other  machines  with 
which  it  is  paralleled. 

The  voltage  across  the  armature  of  a  direct-current 
machine  may  be  represented  by  the  expression  : — 

WsP-pOoS      ,„ 

U) 


E  = 


-IR 


Where  E  =  Voltage  across  the  armature,  /  =  Armature 
current,  R  =  Resistance  of  the  armature  circuit,  T^s  =  Con- 
ductors in  series  on  the  armature,  P  =  Number  of  main  poles, 
0=  Useful  flu.x  per  pole  in  maxwells,  S  ^  Speed  in  r.p.m. 

If  (j>  remains  constant  for  all  loads,  E  equals  A-'  —  IR, 
where  K  is  a  constant;  and,  as  R  is  practically  constant 
after  the  final  operating  temperature  is  attained,  E  de- 
creases with  increase  of  load  /.  This  is  the  equation  of 
a  straight  line  and  will  give  a  drooping  voltage  charac- 
teristic, as  shown  by  Fig.  i(^). 

Assuming  constant  field  excitation  and  the  brushes 
on  the  neutral  position,  4>  will  tend  to  decrease  with 
increase  of  load  owing  to  the  cross-magnetizing  action 
of  the  armature  ampere-turns  on  the  main  field  flux.t 
The  armature  ampere-turns  will  oppose  the  main  field  at 
the  leading  pole  tip  A  and  assist  at  the  trailing  pole  tip 
B,  Fig.  3,  but  as  the  pole  tips  and  teeth  at  both  A  and  B 


'*See  article  on  "Parallel  Operation  of  Generators,"  by  Mr. 
C.  I.  Young,  in  the  Journal  for  Nov.,  igii,  p.  974. 

tSee  article  on  "Armature  Reaction  in  Direct-Current  Ma- 
chines," by  Mr.  R.  H.  Taber,  in  the  Journal  for  Jan.,  1914, 
P-  65. 


are  well  saturated,  the  armature  ampere-turns  will  not 
add  as  much  to  the  main  field  flux  at  B  as  are  subtracted 
at  A,  the  result  being  a  decrease  in  the  total  main  field 
flux  <j).  This  causes  a  still  greater  decrease  of  armature 
voltage  with  increase  of  load,  as  shown  by  equation  (i). 
In  general,  the  brushes  of  non-commutating  pole  ma- 
chines are  shifted  from  the  geometrical  neutral  in  order 
to  obtain  an  average  field  for  commutation  at  all  loads. 
This  brush  shift  causes  a  certain  portion  of  the  arma- 
ture ampere-turns  to  exert  a  direct  demagnetizing  action 
on  the  main  field,  resulting  in  a  decrease  of  <^,  and 
consequently  a  decrease  of  E.  It  is  therefore  obvious 
that  any  generator,  whether  commutating  or  non-com- 
mutating-pole,  will  normally  tend  to  have  a  drooping 
armature  voltage  characteristic. 

COMMUTATING-POLE   ACTfON 

The  function  of  the  commutating-pole  is  to  insure 
good  commutation  at  all  loads  which  the  machine  is  de- 
signed to  carry  and  to  establish  a  fixed  zone  of  com- 
mutation at  all  loads  so  that  shifting  of  the  brushes  from 
the  geometrical  neutral  is  unnecessary.  However,  the 
commutating-pole  may  have  a  material  influence  on  the 
voltage  characteristic  of  a  generator. 

Due  to  the  reversal  of  the  load  current  in  a  coil 
undergoing  commutation  a  voltage  will  be  induced  in 
that  coil,  and  this  voltage  is  commonly  known  as  the 
reactance  volts.  To  secure  ideal  commutation,  the  com- 
mutating-pole winding  should  set  up  a  flux  which  will 
cause  an  e.m.f .  to  be  generated  in  the  short-circuited  coil 
equal  and  opposite  to  the  reactance  voltage  at  all  times 
during  the  period  of  commutation.  The  reactance  volts 
are  proportional  to  the  number  of  turns  short-circuited, 
the  work-current  flowing  therein  and  the  rate  of  change 
of  this  current.  The  number  of  turns  is  a  constant  and, 
as  the  rate  of  change  of  current  is  proportional  to  the 
speed  of  the  machine,  which  is  generally  constant  for  a 
generator,  the  rate  of  change  of  current  is  also  constant. 
The  reactance  voltage  therefore  depends  upon  the  load 
current,  which,  of  course,  increases  with  increase  of  load, 
and  to  neutralize  this  the  commutating-pole  winding  is 
connected  in  series  with  the  armature.  But  the  flux  set 
up  by  the  commutating-pole  winding  will  not  be  propor- 
tional to  the  load 
throughout  the  entire 
range  of  load,  due  to 
the  saturation  of  cer- 
tain parts  of  the  com- 
mutating -  pole  m  a  g- 
netic  circuit.  Curve.-:/, 
Fig.  2,  shows  how  the 
commutating-pole  flux 
should  increase  with 
increase  of  load,  whereas  curve  B  shows  the  actual  varia- 
tion of  commutating-pole  flux  with  load  in  a  typical  ma- 
chine. At  C  the  correct  value  of  the  commutating-pole 
flux  is  obtained.  At  all  points  between  the  origin  and  C 
there  will  be  a  little  more  commutating-pole  flux  than  is 
needed,  and  for  points  beyond  C  it  will  be  insufficient  to 
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produce  ideal  commutation.  When  the  machine  is  oper- 
ating at  points  other  than  C  the  contact  resistance  of  the 
capfeon  brush  is  relied  upon  to  limit  the  value  of  the  local 
currents. 

FLAT   COMPENSATION 

Assume  that  the  brushes  are  on  the  geometrical  neu- 
tral and  the  machine  is  operating  at  the  point  C,  Fig.  2, 
Since  the  correct  value  of  commutating-pole  flux  exists, 
the  reactance  voltage  will,  with  flat  compensation,  be 
neutralized  in  the  coils  undergoing  commutation.  Prac- 
tically all  local  currents  will  therefore  be  eliminated  from 
the  short-circuited  coil  and,  notwithstanding  the  fact 
that  this  coil  encircles  the  main  magnetic  circuit,  its  mag- 
netic effect  on  the  main  field  flux  <t>  will  be  nil.  Hence 
it  will  have  no  influence  on  E  according  to  equation  ( i ) . 

UNDER-COMPENSATION 

Assume  that  the  brushes  are  on  the  geometrical  neu- 
tral, and  the  machine  operating  at  some  point  beyond  C, 
Fig.  2.     The  commutating-pole  flux  is  now  insufficient 

to  set  up  an  e.m.f. 


in  the  coil  under- 
going commutation 
that  will  neutralize 
the  reactance  volt- 
age. In  this  case  the 
portion  o  f  react- 
ance voltage  that  is 
not  neutralized  will 
be  available  for  set- 
ting up  local  cur- 
rents in  the  short- 
circuited  coils,  as 
shown  by  the 
arrows.  Fig.  4.  This 
current  will  be  in- 
versely p  r  o  p  o  r  - 
tional  to  the  resist- 
ance of  the  short- 
circuited  path, 
which  consists  of 
the  coil,  brush  con- 
tacts and  carbon 
brush.  The  current  in  this  coil  will  have  a  demagnetiz- 
ing effect  on  the  main-pole  flux,  as  shown  by  Fig.  4  and. 
according  to  equation  (i),  a  decrease  of  E  will  result. 
Therefore  under-compensation  will  tend  to  produce  a 
drooping  voltage  characteristic  and  is  not  detrimental  to 
parallel  operation. 

OVER-COMPENSATION 

With  the  brushes  on  the  geometrical  neutral  and  the 
machine  operating  at  some  point  below  C,  ¥\g.  2,  there 
will  be  an  excess  of  commutating-pole  flux,  and  the 
reactance  vohs  will  not  only  be  neutralized  but  an  excess 
voltage  in  the  opposite  direction  will  be  induced  in  the 
short-circuited  coil.  This  excess  voltage  will  cause  a 
local  current  to  flow  in  the  short-circuited  path,  the  value 
of  which  will  vary  inversely  as  the  resistance  of  the  path. 


FIGS.    4    and    5 — UNDER-COMPENS.\TION 
(Fig.  4)    AND  OVER-COMPENSA- 
TION   (Fig.  s) 
Caused  by  varying  amounts  of 
commutating-pole  flux. 


This  current  will  circulate  in  the  short-circuited  coil  in 
such  a  direction  as  to  set  up  a  flux  that  will  add  to  the 
main  field  flux  0,  as  shown  in  Fig.  5,  and  an  increase 
of  armature  voltage  E  will  result,  as  shown  in  equation 
(i).  Over-compensation  will  therefore  tend  to  give  a 
rising  voltage  characteristic.  However,  in  most  cases 
the  IR  drop  and  armature  reaction  will  preponderate 
over  the  influence  of  over-compensation,  thereby  retain- 
ing the  inherent  drooping  voltage  characteristic.  But' 
cases  have  existed  in  which  the  armatures  of  machines 
operating  very  low  on  their  saturation  curves  and  having 
a  very  small  IR  drop  have  actually  given  a  rising  voltage 
characteristic  owing  to  this  effect  of  over-compensation, 
thereby  causing  an  unstable  condition  for  parallel  oper- 
ation. 

COMMUTATIXG-POLE   ADJUSTMENTS 

It  is  practically  impossible  to  obtain  flat  compensa- 
tion over  all  ranges  of  load.  Where  curve  A,  Fig.  2, 
represents  the  ideal  condition,  curve  B  will  represent  an 
average  condition.  With  a  curve  such  as  B  no  adjust- 
ment is  necessary.  Under-compensation  means  insuf- 
ficient commutating-pole  flux,  as  shown  by  curve  D, 
Fig.  2.  and  to  build  this  flux  up  to  its  proper  value  the 
commutating-pole  ampere-turns  must  be  increased  or  the 
reluctance  of  the  commutating-pole  magnetic  circuit  must 
be  reduced.  The  commutaling-pole  ampere-turns  may 
be  increased  by  allowing  more  current  to  flow  through 
the  coniniutating-pole  winding,  which  would  mean  addi- 
tional excitation  from  some  separate  source,  or  the  addi- 
tion of  more  turns.  A  decrease  in  the  reluctance  of  the 
magnetic  circuit  is  generally  the  easiest  way.  Shims 
or  pole  liners  are  frequently  placed  between  the  com- 
mutating-pole and  the  frame,  and  the  reluctance  of  the 
magnetic  circuit  may  be  decreased  !)y  the  addition  of 
more  liners  behind  the  pole. 

Over-compensation  implies  an  excess  of  commu- 
tating-pole flux,  as  shown  by  curve  £,  F"ig.  2,  which  may 
be  reduced  to  its  normal  value  by  decreasing  the  com- 
nuitating-pole  ampere-turns  or  increasing  the  reluctance 
of  the  magnetic  circuit.  The  commutating-pole  ampere- 
turns  may  be  reduced  by  shunting  a  part  of  the  current 
from  the  commutating-pole  winding  by  means  of  a  shunt 
resistance.  Although  this  shunting  method  was  used  a 
few  years  ago,  it  is  not  considered  good  practice  today, 
for  if  the  machine  is  subject  to  rapid  fluctuations  of 
load  the  commutating-pole  winding  will  act  as  a  choke 
coil,  thereby  causing  the  following  transient  condition : — 
On  a  fluctuating  load  the  shunt  will  take  more  than  its 
share  of  the  current  on  a  rising  load,  or  less  than  its 
share  on  a  falling  load  (unless  an  inductive  shunt  with 
the  same  time  constant  as  the  commutating-pole  winding 
is  used),  and  the  resulting  compensation  may  be  so  in- 
correct as  to  cause  sparking,  resulting  in  excessive  brush 
and  commutator  wear  and  even  flashing.  An  increase  of 
the  magnetic  reluctance  is  therefore  the  most  feasible 
method  and  can  generally  be  accomplished  bv  the  re- 
moval of  pole  liners.  Generally  the  commutating-pole 
air-gap  is  sufficient  for  making  these  adjustments. 
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BRUSHES  ON   GEOMETRICAL   NEUTRAL 

Consider  the  brushes  on  the  exact  geometrical  neu- 
tral, as  shown  by  a,  Fig.  6.  The  conductors  between 
C  and  D  are  acted  upon  only  by  the  flux  from  the  main 
south  pole  and  one-half  of  the  flux  from  each  of  the 
north  and  south  commutating-poles,   respectively.     As 

these  commutating- 


poles  are  of  oppo- 
site polarity,  they 
n  e  u  t  r  a  lize  each 
other  with  respect 
to  their  ability  for 
generating  e.m.f.'s 
in  the  conductors 
between  C  and  D. 
Hence  the  main 
south  pole  only  is 
effective.  The  same 
reason  ing  holds 
true  for  the  main 
north  pole  immedi- 
ately preceding  and 
the  conductors  be- 
tween D  and  E.  It 
is  obvious,  there- 
fore, that  the  com- 
mutating  -poles 


no.   6 — RELATION   OF  COILS   AND  POLES 

With   brushes   on   geometrical    neutral 
(a)  ;  brushes  given  backward  lead 
(p)  :  and  brushes  given  for- 
ward lead  (c). 


have  no  influence  on  the  generated  voltage  as  measured 
between  brushes  A  and  B. 

BRUSHES  GIVEN  BACKWARD  LEAD 

Assume  that  the  brushes  are  given  a  backward  lead, 
as  shown  in  b,  Fig.  6.  The  conductors  between  C  and  D 
are  now  acted  upon  not  only  by  the  main  south  pole  flux, 
but  by  the  flux  passing  into  the  south  commutating-pole 
also.  The  south  commutating-pole  therefore  becomes  a 
magnetizing  pole  assisting  the  main  south  pole  flux.  The 
preceding  north  commutating-pole  also  becomes  a  mag- 
netizing pole  assisting  the  main  north  pole  flux.  The 
conductors  between  D  and  E  are  acted  upon  not  only  by 
the  main  north  pole  flux,  but  by  the  north  commutating- 
pole  flux  also.  As  the  commutating-pole  excitation 
varies  with  the  load,  the  commutating-pole  winding  will 
act  as  a  series  winding,  tending  to  cause  a  rising  voltage 
characteristic,  which  is  one  of  the  detriments  to  success- 
ful parallel  operation. 

It  has  been  argued  that  giving  the  brushes  a  back- 
ward lead  would  mean  less  series  field  copper  and,  there- 
fore, a  more  efficient  and  economical  machine.  But  it 
must  be  remembered  that  the  commutating  zone  has  been 
shifted  backward  and  commutation  takes  place  in  the 
fringing  flux  from  the  commutating-pole,  which  may  be 
detrimental  to  good  commutation. 

BRUSHES   GIVEN    FORWARD   LEAD 

Consider  the  brushes  as  having  a  forward  lead,  as 
shown  in  c.  Fig.  6.     The  conductors  between  C  and  D 


are  now  acted  upon  by  a  main  south  pole  and  a  north 
commutating-pole.  With  respect  to  generating  voltage 
in  the  conductors  between  C  and  D,  this  north  commu- 
tating-pole becomes  a  demagnetizing  pole,  tending  to 
reduce  the  useful  south  pole  flux.  The  main  north  pole 
immediately  preceding  is  opposed  by  the  south  commu- 
tating-pole in  a  similar  manner.  This  tends  to  reduce  the 
e.m.f.'s  generated  in  the  conductors  between  D  and  E. 
As  the  commutating-pole  excitation  varies  with  the  load, 
the  commutating-pole  winding  will  function  as  a  series 
winding  dififerentially  connected,  thereby  causing  a 
drooping  voltage  characteristic,  one  of  the  essentials  for 
parallel  operation. 

In  case  the  voltage  characteristics  of  a  machine  does 
not  droop  sufficiently  for  stable  parallel  operation,  the 
brushes  may  be  given  a  slight  forward  lead.  However, 
it  must  be  remembered  that  commutation  now  takes  place 
in  the  fringing  commutating-pole  flux,  and  this  shifting 
of  the  brushes  should  be  kept  within  the  limits  of  good 
commutation.  So  from  the  above  discussion  it  would 
seem  that  on  commutating-pole  machines  the  brushes 
should  always  be  placed  on  the  geometrical  neutral,  and 
stability  of  operation  secured  in  other  ways. 

EQUALIZER    CONNECTIONS 

A  schematic  diagram  of  two  direct-current  machines 
operating  in  parallel  is  shown  in  Fig.  7.  The  points  A 
and  B  are  tied  together  by  means  of  the  equalizer.  It 
was  suggested  at  one  time  that  the  equalizer  be  connected 
between  C  and  D,  as  shown  by  the  dotted  line,  thereby 
eliminating  any  effect  that  the  commutating-pole  wind- 
ing would  have  on  stable  parallel  operation,  for  the  two 
armatures  would  naturally  have  drooping  voltage  char- 
acteristics. There  is  a  serious  objection  to  this  arrange- 
ment. The  current  in  the  commutating-pole  winding 
should  be  the  same  as  that  flowing  in  the  armature.  With 
the  equalizer  connected  between  C  and  D  the  two  com- 
mutating-pole windings  would  be  paralleled  with  each 
other  and  some  of  the  current  from  one  machine  could 
flow  through  the  commutating-pole  winding  of  the  other, 
causing  incorrect  compensation,  and  unsatisfactory  com- 
mutation would  result.  It  is  therefore  obvious  that  the 
equalizer  connected  from  C  to  D  is  inherently  wrong  and 
that  ^  to  5  is  the  proper  connection. 


■Commutating  -  Pole    Field 


CONCLUSION 

As  a  summary, 
the  brushes  of  com- 
mutating -  pole  ma- 
chines should  be 
placed  on  the  geo- 
metrical neutral 
and  should  be 
shifted  only  as  a  temporary  emergency  measure  when 
parallel  operation  cannot  be  obtained  in  any  other  way. 
The  commutating-pole  winding  should  not  be  made  to 
function  as  a  series  field,  and  should  be  used  for  the  sole 
purpose  of  insuring  good  commutation  at  all  loads. 


FIG.  7— SCHEMATIC  DIAGRAM  OF  PARALLEL 
OPER.'>iTION  OF  TWO  COMMUTATING- 
POLE  MACHINES 
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H.  D.  James 


THE  present  discussion  is  intended  to  deal,  in  an 
elementary  manner,  with  a  few  simple  forms  of 
controllers,  in  an  endeavor  to  explain  some  of  the 
fundamental  principles  of  operation  to  those  who  are  not 
.jKell  versed  in  the  art.  A  thorough  understanding  of  this 
section  will  be  of  material  assistance  in  following  subse- 
quent discussions  of  more  complicated  commercial  forms 
of  controllers  as  used  in  various  industries. 

FACE  PLATE  CONTROLLERS 

The  face  plate  controller  is  the  simplest  type  used  for 
starting  or  regulating  the  speed  of  an  electric  motor. 
Fig.  I  illustrates  the  elements  of  this  controller.  While 
this  arrangement  is  operative,  commercial  apparatus  usu- 


yiG.    I — ELEMENTARY    CONTROLLER   DIAGRAM 

With  face  plate  rheostat, 
ally  has  additional  features,  which  in  this  instance  are 
omitted  for  the  purpose  of  clearness.  L+  and  L —  rep- 
resent the  two  power  wires  leading  to  the  controller  and 
a  compound-wound  motor.  If  the  rheostat  arm  be 
moved  from  the  off  position,  shown  in  the  diagram,  to 
the  contact  R^,  current  will  flow  from  L-\-  to  the  arm, 
from  this  to  contact  i?i,  through  the  regulating  resistance 
to  i^io,  thence  through  the  armature  and  series  field  of 
the  motor  to  L — .  The  shunt  field  is  connected  from  R^ 
to  L — ;  and  is  energized  as  soon  as  the  rheostat  arm 
makes  contact  with  R^.  The  voltage  across  the  armature 
will  be  equal  to  the  line  voltage  minus  the  voltage  drop 
through  the  regulating  resistor.  The  torque  of  the  motor 
will  be  proportional  to  the  armature  current  and  the  field 
strength.  When  the  contact  is  first  made  at  R^  the  field 
strength  is  zero,  and  it  takes  a  short  interval  for  the  field 
to  reach  its  full  value,  so  that  under  ordinary  conditions 
the^,tqr.que  will  increase  gradually  from  zero  to  a  value 
which  will  start  the  motor.    The  rotation  of  the  armature 


in  the  motor  field  generates  a  voltage  known  as  the 
counter  e.m.f.  which  opposes  the  line  voltage.  As  the 
motor  increases  in  speed,  the  difference  between  the  line 
and  counter  e.m.f.  becomes  less  and  the  motor  current 
decreases  until  a  balanced  condition  is  reached.  When 
this  .balancing  condition  is  reached  the  speed  of  the  motor 
may  be  further  in- 
creased by  moving 
the  rheostat  arm 
to  contact  R.,-  Ad- 
ditional i  n  c  r  e  - 
ments  of  speed 
are  obtained  by 
additional  move- 
ments of  the  arm 
to  other  contacts 
until  all  of  the 
regulating  resist- 
ance is  eliminated 
from  the  circuit  and  the  arm  rests  on  contact  Ri^.  The 
arm  should  be  allowed  to  remain  on  each  contact  until  the 
motor  reaches  its  balancing  speed  for  that  step  of  the 
resistance,  so  that  the  minimum  amount  of  current  will 
be  taken  by  the  motor. 

In  bringing  the  motor  to  rest,  the  reverse  operation 
of  the  arm  is  made.  In  passing  from  contact  i?,  to  the 
off  position,  the  connection  between  the  motor  and  L-j- 


Low  Voltage  Release  Magnet 


1  IC.   2 — STARTING  RHEOSTAT 

Of  face-plate  type  showing  grid  resistors. 


FIG.  3 — DIAGRAM   OF  STARTING  RHEOSTAT 

Of  the  type  shown  in  Fig.  2. 
is  interrupted,  causing  the  motor  to  come  to  rest.  The 
shunt  field,  however,  will  still  be  connected  across  the 
armature  of  the  motor,  including  the  regulating  resistor. 
This  connection  should  be  used  wherever  possible,  as  it 
allows  the  field  current  to  die  down  gradually  as  the 
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speed  of  the  motor  decreases.  The  drop  in  voltage 
through  the  starting  resistor,  with  only  the  field  current 
flowing,  is  so  small  that  it  may  be  neglected  and  the  field 
can  be  considered  as  having  a  voltage  equal  to  the 
counter  e.m.f.  of  the  motor.  The  shunt  field  winding 
consists  of  a  large  number  of  turns  of  fine  wire.  Any 
change  in  the  value  of  the  field  current  is  opposed  by  the 


Armaturt   Rtgulating  Ri 


L-       L  + 


Shunt  Field 
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FIG.   4 — DIAGRAM    OF    STARTING   AND   REGULATING   RHEOSTAT 

Having  both  armature  and  field  resistors. 
self-induction  of  this  winding,  so  that  a  change  in  the 
current  should  be  made  gradually.  If  an  attempt  is  made 
to  open  the  field  circuit  abruptly,  the  self-induction  will 
cause  a  high  voltage  to  build  up  between  the  terminals  of 
the  field  coils,  which  may  result  in  the  breaking  down  of 
the  insulation. 

If  the  rheostat  is  to  be  used  for  starting  purposes 
only,  the  resistor  is  made  of  less  current-carrying  ca- 
pacity than  for  regulating  purposes.  It  is  called  a 
"starting  rheostat,"  or  a  "regulating  rheostat,"  depend- 
ing upon  the  purpose  for  which  it  is  used.  The  connec- 
tions, however,  are  the  same,  the  difference  being  only  in 
the  capacity  of  the  resistor.  A  commercial  design  of 
starting  rheostat  is  shown  in  Figs.  2  and  3.  This  rheo- 
stat differs  from  the  one  previously  described,  in  the 
addition  of  the  low-voltage  release  magnet.  The  rheo- 
stat arm  is  provided  with  a  spring,  which  returns  it  to  the 
off  position  if  the  handle  is  released  during  the  starting 
of  the  motor.  After  the  motor  has  been  brought  up  to 
speed,  and  the  rheostat  arm  rests  upon  contact  R^^,  the 
low-voltage  release  magnet  holds  the  arm  in  this  position. 
Brush  B  bridges  between' the  terminals  M  and  N,  so  that 
in  the  running  position  the  current  passes  from  L+  to 
terminal  M,  through  the  brush  B  to  terminal  A'',  thence 
to  the  armature  of  the  motor  and  through  the  series  field 
to  L — .  This  provides  a  parallel  circuit  to  th^  one 
through  the  rheostat  arm  to  contact  i?„,  so  that  the  con- 
tinuous flow  of  current  will  not  overheat  the  rheostat 
arm  and  its  contacts.    In  the  running  position  the  rheo- 


stat arm  is  held  firmly  by  the  low-vohage  release  magnet, 
so  that  current  flows  from  L+  through  the  rheostat  arm 
to  point  P  on  the  magnet.  One  circuit  then  passes 
through  the  magnet  winding  to  L — .  The  other  circuit 
is  connected  to  the  shunt  field.  If,  for  any  reason,  the 
line  wires  are  disconnected  or  the  voltage  on  the  circuit 
fails,  the  low-voltage  release  magnet  will  be  de-energized 
and  the  spring  will  return  the  rheostat  arm  to  the  start- 
ing position. 

A  controller  provided  with  both  armature  and  field 
regulating  resistance  is  shown  in  Fig.  4.  The  motor  is 
known  as  an  adjustable-speed  motor,  and  can  have  its 
speed  changed  by  adjusting  its  field  strength.  The  rheo- 
stat arm  is  made  in  two  parts,  the  under  part  making 
contact  with  the  segments  marked  R^  to  R^n  and  with  the 
contact  ring  E,  while  the  top  arm  enegages  the  upper  row 
of  round  contacts.  When  starting  the  two  arms  are  held 
together  by  a  latch.  The  bottom  arm  is  provided  with  a 
notched  segment  engaging  a  plunger  forming  part  of  the 
low-voltage  release  magnet.  The  notched  segment  and 
pawl  hold  the  arm  in  any  operating  position  after  the 
low-voltage  magnet  is  energized. 

To  start  the  motor,  the  contact  arms  are  moved  from 
the  off  position  to  contact  i?i.  The  current  flows  from  L-|- 
through  the  arm  to  contact  R^,  thence  through  the  arma- 
ture regulating  resistor  to  contact  R^^,  and  then  through 
the  armature  and  series  field  to  L — .  The  shunt  field 
current  flows  from  L-\-  through  the  arm  to  the  segment 
E,  to  the  field  windings  and  thence  to  L — .  Connected 
with  i?i  is  a  shunt  circuit  passing  from  the  positive  side 
of  the  line  through  the  low-voltage  release  magnet  to  the 
negative  side  of  the  line.  The  arms  are  gradually  moved 
to  the  right,  eliminating  successively  each  section  of  the 
armature  resistor  until  the  bottom  arm  makes  contact 


FIG.   5 — TVPICAI.   REVERSING   DRUM    CONTROLLER 

with  i?i2-  In  this  position  the  armature  is  connected  di- 
rectly across  the  line  and  the  segment  E  disconnected 
from  the  rheostat  arm.  The  shunt  field  circuit  now  is 
from  the  positive  side  of  the  line  through  the  upper  rheo- 
stat arm  to  the  right-hand  field  contact  E^.„  thence  to  the 
field  winding.  This  gives  a  motor  speed  due  to  full  field 
strength.     If  it  is  desired  to  increase  the  speed  of  the 
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motor,  the  upper  arm  can  be  moved  to  the  left  across  the 
field  contacts  to  insert  resistance  gradually  in  the  shunt 
field  circuit  and  thus  within  its  range  give  the  increased 
speed  required,  while  the  low-voltage  release  magnet 
holds  the  lower  arm  on  contact  R^^. 

If  the  circuit  is  interrupted,  the  low-voltage  release 
magnet  will  allow  the  lower  arm  to  be  carried  to  the  off 


riG.  6— iNDUSTKiAi.  i>m;M  ioxti!  1.1. k:; 
Showing  drum,  position  of  fingers  in  controller  box  and  cover. 

position  by  means  of  its  spring.  It,  in  turn,  picks  up  the 
upper  arm  and  the  two  are  moved  quickly  to  the  off 
position. 

DRUM    CONTROLLERS 

A  drum  type  of  controller  is  shown  in  Fig.  5.  Such 
a  controller  consists  of  two  rows  of  contact  fingers  at- 
tached to  the  frame  work  of  the  controller,  but  insulated 
from  it  so  as  to  be  electrically  separated  from  each  other. 
Between  these  rows  of  fingers  is  mounted  an  insulated 
cylinder  or  drum,  which  is  revolved  by  the  handle.  On 
this  drum  are  mounted  copper  segments  of  different 
lengths  which  engage  the  contact  fingers.  The  length 
and  location  of  these  segments  are  such  as  to  make  dif- 
ferent connections  for  each  "notch"  of  the  controller.  A 
drum,  the  controller  box  with  contact  fingers  in  position 
and  cover  are  shown  in  detail  in  Fig.  6.  Attached  to  the 
drum  shaft  at  the  top  is  a  wheel  having  notches  corre- 
sponding with  each  of  the  operating  positions  of  the  con- 
troller handle.  A  roller  is  forced  into  one  of  these 
notches  by  a  spring  whenever  a  set  of  contacts  is  prop- 
erly engaged,  thus  indicating  to  the  operator  the  correct 
running  positions  of  the  controller  and  preventing  motion 
from  any  of  these  positions,  due  to  vibration  or  other 
accidental  means.  Fig.  7  shows  the  segments  of  such  a 
drum  as  they  would  appear  if  rolled  out  flat.  The  two 
vertical  rows  of  circles  represent  the  stationary  contact 
fingers.  The  horizontal  strips  represent  the  segments  of 
the  rotating  drum,  and  the  vertical  dotted  lines  show  the 
position  of  the  segments  with  respect  to  the  controller 
fingers  at  each  successive  position  of  the  drum. 

A  slip-ring  motor  control  arrangement  with  the  con- 
troller connected  only  to  the  secondary  circuit  of  the 


motor  is  shown  in  Fig.  8  with  the  drum  rolled  out  or 
"developed"  as  in  Fig.  7.  When  the  primary  of  the  motor 
is  connected  to  the  power  line,  current  passes  through 
the  secondary  wires,  and  thence  through  the  resistor, 
completing  the  circuit.  When  the  motor  is  at  zero  speed 
the  controller  drum  should  be  in  position  /.  If  the  cyl- 
inder of  the  drum  is  now  moved  from  right  to  left,  the 
dotted  line  2  travels  over  to  the  center  line  of  the  contact 
fingers  and  the  resistor  section  E  to  £1  is  short-circuited, 
decreasing  the  resistance  in  part' of  the  secondary  circuit 
of  the  motor.  As  the  speed  of  the  motor  increases,  a 
further  movement  of  the  drum  will  cause  the  vertical 
line  5  to  intersect  the  contact  fingers.  This  will  short- 
circuit  the  resistor  section  from  D  to  D^.  At  each  in- 
crease of  the  motor  speed  a  further  movement  of  the 
drum  may  be  made  until  the  vertical  line  /j?  intersects  the 
controller  fingers.  In  this  position  all  of  the  resistor  is 
short-circuited  and  the  motor  is  operating  at  full  speed. 
A  drum  controller  diagram  similar  to  that  shown  in 
Fig.  8,  except  that  it  provides  for  reversing  the  direction 
of  rotation  of  the  motor,  is  given  in  Fig.  9.  One  motor 
terminal  marked  C  is  connected  directly  to  the  line.  The 
other  two  terminals  of  the  motor,  marked  A  and  B,  are 
connected  to  correspondingly  marked  terminals  of  the 
controller.  In  the  forward  direction,  the  drum  seg- 
ments on  the  right-hand  side  of  the  diagram  move 
toward  the  left-hand  row  of  fingers,  and  the  segments  on 
the  left-hand  side  of  the  diagram  move  toward  the  mid- 
dle row  of  fingers.  This  will  be  understood  if  the  devel- 
oped diagram  showing  the  drum  contacts  is  replaced  so 
as  to  fit  on  the  surface  of  a  cylinder  or  drum  and  the 
contact  fingers  marked  on  two  vertical  sticks  of  wood 
mounted  on  each  side  of  the  cylinder  180  degrees  apart. 
When  the  drum  segments  are  moved  from  left  to  right 
for  forward  operation,  the  terminal  A  of  the  motor  is 
connected  through  finger  Ai,  and  the  second  and  third 
segments  from  the  top,  which  are  connected  together  as 


FIG.    7 — DIAGRAMM.\TICAI,    REPRESENTATION 

Of  drum  and  contact  fingers  rolled  out  flat  or  developed. 

indicated,  to  Lj  power  wire.     Likewise,  the  terminal  B 
of  the  motor  is  connected  to  L,  power  wire. 

The  arrangement  of  the  drum  contacts  for  .short- 
circuiting  the  secondary  resistors  differs  somewhat  from 
that  shown  in  Fig.  8.  The  first  notch  in  the  forward 
direction  closes  the  contacts  to  the  primary  of  the  motor 
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A  to  Li  and  B  to  L,.  A  drum  segment  is  brought  in  con- 
tact with  the  finger  marked  D^  on  this  notch,  but  as  no 
other  connection  is  made  to  the  resistors  this  contact 
causes  no  change  in  the  secondary  resistance.  The 
motor,  therefore,  starts  to  rotate  at  its  minimum  speed 
with  all  resistance 
in  the  secondary. 
When  the  drum  is 
moved  over  until 
dotted  line  2  inter- 
sects the  central 
row  of  fingers,  the 
one  marked  E^  is 
connected  to  the 
drum,  short  -  cir- 
cuiting the  section 
of  resistor  b  e  - 
tween  D^  and  E^. 
Next  the  dotted 
line  marked  j  in- 
tersects the  cen- 
tral row  of  fingers 
and  E^  is  con- 
n  e  c  t  e  d  to  the 
drum,  short  -  cir- 
cuiting a  n  o  t  her 
section  of  the  re- 
sistor.     This    se- 
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the  dotted  line  /  intersects  the  middle  row  of  fingers.  A 
further  movement  of  the  drum  from  right  to  left  causes 
the  dotted  lines  2  io  8  to  intersect  successively  the  central 
row  of  fingers.  This  short-circuits  a  part  of  the  starting 
resistors.    Further  movement  of  the  drum  from  right  to 

left  causes  the 
contact  shown  on 
the  dotted  line  p 
to  intersect  the 
finger  F3.  A  fur- 
ther move  ment 
brings  the  dotted 
lines  10  to  75,  in- 
clusive, so  that 
they  successively 
intersect  the  left- 
hand  row  of  fin- 
gers. This  short- 
circuits  all  of  the 
resistor  and 
brings  the  motor 
up  to  speed  in  the 
reverse  direction. 


FIG.  8 — DI.VGRAM   OF   NON-KEVERSING  CONTROLLER 

For  three-phase,  slip-ring  motors,  showing  resistors  and  "developed"  drum 
quence  is  continued  until  the  dotted  line  8  intersects  the 
central  line  of  fingers  connecting  £3  to  the  drum.  A  fur- 
ther movement  of  the  drum  causes  the  dotted  line  p  in 
the  right-hand  part  to  intersect  the  left-hand  row  of  fin- 
g  e  r  s    connecting 
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resistor  F3  to  the 
drum.  The  dotted 
lines  JO  to  i^  suc- 
cessively intersect 
the  left-hand  row 
of  fingers,  grad- 
ually short  -  c  i  r- 
cuiting  all  of  the 
resistor,  which 
brings  the  motor 
up  to  full  speed. 

The  reverse  di- 
rection of  opera- 
tion causes  the 
drum  segments  to 
move  from  right 
to  left.  In  this 
case  the  left-hand 
dotted  lines  are 
brought  into  con- 
tact with  the  left-  ^"^-  9 — diagr.^m  of  reversing  controller 

hand  row  of  fingers  and  the  right-hand  row  of  dotted  12.  At  the  left  is  a  scheme  of  main  connections  Each 
lines  into  contact  with  the  middle  row  of  fingers.  The  set  of  parallel  lines  represent  a  contactor  The  numbers 
primary  terminal  A  of  the  motor  is  connected  to  line  opposite  these  parallel  lines  are  the  same  as  shown  in 
L,  and  the  terminal  B  of  the  motor  to  line  L„  when     Fig.  10.     The  single  loops  represent  the  series  coils  for 


A  simple 
starter  of  this  type  is  illustrated  in  Fig.  10.  The  con- 
troller consists  of  a  slate  panel,  at  the  top  of  which  is 
m.ounted  a  knife  switch  and  two  fuses  for  overload  pro- 
tection, with  four  contactors  underneath.     A  contactor 

is  a  switch  which 
is  held  in  the  open 
position  by  grav- 
ity and  closed  by 
a  magnet.  Fig.  1 1 . 
Contactor  i,  Fig. 
10,  is  pro  vided 
with  a  blow-out 
coil,  as  it  opens 
and  closes  the 
main  motor  cir- 
cuit. Contactors 
2,  3  and  4  are 
used  for  short-cir- 
cuiting the  start- 
ing resistor  sec- 
tions, which  are 
mounted  at  the 
rear  of  the  panel. 
This  arrangement 
is  shown  diagram- 
matically    in    Fi§ 
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contactors  2  and  j.  An  arrow  is  drawn  between  the 
parallel  lines  representing  these  switches  and  the  loop 
representing  the  coil  for  each  particular  contactor. 
Underneath  this  scheme  of  main  connections  is  shown 

a  table  called 
''Sequence  of 
Switches."  This 
table  has  four  ver- 
tical rows  in  which 
circles  are  drawn. 
The  first  row  repre- 
sents the  first  start- 
ing position  of  the 
controller,  and  the 
last  row  the  run- 
ning position  of  the 
controller.  Where  a 
circle  is  shown  op- 
posite a  switch 
number  it  indicates 
that  that  contactor 
is  closed.  This  table 
is  used  as  fol- 
lows : — 

In  the  first  vertical 
column,  opposite  /,  is 
shown  a  circle  which 
indicates  that  the  con- 
tactor I  is  closed.  This 
operation  connects  the 
shunt  field  of  the 
motor  from  the  point  B  to  the  negative  side  of  the  line.  This 
arrangement  of  shunt  field  connections  is  the  same  as  previously 
explained.  Now  refer  to  the  schematic  diagram  and  trace  the 
main  current  from  the  positive  side  of  the  line  through  con- 
tactor I  and  the  coil 
of  2,  to  7?i  of  the  re- 
sistor, through  this  re- 
sistor to  the  Ai  ter- 
minal of  the  motor, 
through  the  motor 
armature  and  series 
field,  to  the  negative 
side  of  the  line.  Re- 
ferring to  the  table,  in 
the  second  column 
contactor  2  is  also 
closed,  the  path  of  the 
current  being  from 
the  positive  side  of  the 
line  through  i  and  2 
contactors,  the  coil  of 
switch  3,  to  Ri  on  the 
resistor,  and  from 
there  it  follows  the 
same  path  as  for  the 
first  column.  The 
third  column  of  the 
table  shows  that  con- 
tactor 3  is  closed.  The- 
current   now    passes 


FIG.   II — C0NT.\CT0R 

Used  on  control  panel 
of  Fig.  ID. 


10 — MAGNETIC  CONTACTOR 
CONTROL  PANEL 
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to  ifj,  as  previously  described,  through  one  section  of  the  re- 
sistor to  Rt,  from  here  to  A^  on  the  motor  armature,  and  through 
the  armature  and  series  fields  to  the  negative  line.  The  fourth 
column  of  the  table  shows  that  contactors  /   and  4  only  are 


closed.  The  path  of  the  current  then  is  from  the  positive  line 
through  switch  /  to  B,  then  through  switch  4  to  A^  through  the 
armature  and  series  field  to  the  negative  line.  This  connects  the 
motor  directly  to  the  line,  without  any  external  resistance,  and 
is  the  full-speed  position  of  the  controller. 

Referring  now  to  the  main  diagram,  Fig.  12,  the  mag- 
netic contactors  are  represented  by  a  circle  and  the  oper- 
ating coils  are  shown  inside  of  the  circles.  The  moving 
contact  is  represented  by  the  bottom  of  the  two  parallel 
lines.  The  upper  parallel 
line  is  the  stationary  contact 
connected  to  the  upper  ter- 
minal of  the  switch.  When 
the  coil  is  energized  suf- 
ficiently to  attract  the  arma- 
ture, the  two  parallel  lines 
are  brought  together  and 
current  can  flow  between 
the  top  and  bottom  ter- 
minals of  the  switch. 
Underneath  contactor  /  is  a 
small  switch,  indicated  by 
square  dots,  and  a  pivoted 
arm.  When  /  is  open,  this 
auxiliary  switch,  known  as 
an  "interlock,"  is  also  open. 
The  two  contacts  connected 
to  the  arm  of  this  interlock 
are  joined  together  electrically  and  to  the  hinge  joint,  so 
that  they  complete  the  circuit  between  the  stationary  con- 
tacts 10  and  100  and  the  pivot,  when  i  closes.  To  the 
right  of  the  diagram  is  a  rectangle  enclosing  two  push- 
buttons. The  button  marked  start  is  held  in  the  open 
position  by  a  spring  and  the  sto[>  button  is  held  in  the 

Control  Panel  (Rear  View)  cloSCd   pOsitioU  by   a 

spring.  If  the  start 
button  is  depressed 
for  a  moment,  cur- 
rent flows  from  the 
positive  line 
through  the  knife 
switch  and  fuses  to 
the  coil  of  switch  /, 
through  this  coil  to 
the  terminal  i  of 
the  stop  button,  to 
terminal  10  and 
through  the  start 
button  to  the  nega- 
tive side  of  the  line. 
This  energizes  the 
coil  of  contactor  / 
and  closes  the  main 
contact.  This  coil 
is  now  connected 
from  terminal  /  through  the  stop  button  to  terminal  10 
on  the  interlock  underneath  this  switch  to  the  negative 
side  of  the  line,  which  makes  the  circuit  to  the  coil  / 


FIG.    12 — DIAGRAM   OF  CONNECTIONS 

Of  controller  shown  in  Fig.  10. 
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independent  of  the  start  button,  so  that  this  button  may  This  leaves  the  resistor  section  between  R,  and  R,  in 

now  be  released.    The  current  now  passes  from  the  posi-  series  with  the  motor.    The  coil  of  contactor  4  is  m  shunt 

tive  side  of  the  line  through  the  contact  /  and  across  to  across  the  armature  of  the  motor.    The  circuit  is  from 

terminal  B  on  2,  through  the  coil  of  this  contactor  to  A,  through  the  coil  to  terminal  100  on  the  interlock 

R    throu-^h  the  starting  resistor  to  R„  thence  to  the  bot-  underneath  i,  through  this  interlock  to  the  hinge  joint 


torn  terminal  of  4  to  A^  on  the  motor,  through  the  arma- 
ture and  series  fields  of  the  motor  to  the  negative  side  of 
the  line.  As  the  motor  increases  in  speed  the  current 
through  the  coil  of  2  decreases  until  this  contactor  closes. 
The  contactor  operates  on  what  is  known  as  the  "lock- 
out" principle,*  i.  e.,  it  closes  when  its  current  is  below 
a  set  value  and  above  another  much  lower  value.  When 
2  closes  it  short-circuits  one  section  of  the  start- 
ing resistor  from  the  terminal  R^  through  the  contact  on 
2  to  the  terminal  C,  through  the  coil  of  J  to  i?,  on  the 
resistor  .  This  again  increases  the  current  of  the  motor 
and  prevents  3  from  closing  until  the  current  has  de- 
creased to  a  fixed  value.  When  5  closes  it  short- 
circuits  the  section  of  the  resistor  between  R^  and  R^. 


*See  article  by  Mr.  W.  O.  Lum  in  the  Journal  for  March, 
1914,  pp.  158  and  159. 


which  is  connected  to  the  negative  line.  Since  the  A^ 
terminal  of  the  motor  armature  is  connected  to  the  nega- 
tive side  of  the  line,  the  voltage  across  this  coil  is  equal  to 
the  counter  e.m.f.  of  the  motor.  When  the  speed  of  the 
motor  reaches  the  proper  value,  contactor  4  closes,  con- 
necting the  A^  terminal  of  the  motor  directly  to  L-f 
through  the  contact  on  i. 

To  stop  the  motor,  push  on  the  button  marked  stop, 
thus  opening  the  circuit  between  terminals  /  and  10,  and 
disconnecting  the  operating  coil  of  contactor  /  from  L — . 
This  opens  contactor  i  and  disconnects  the  motor  from 
the  positive  line.  The  opening  of  switch  /  opens  the  con- 
tacts 10  and  100  on  the  interlock  underneath,  thus  dis- 
connecting the  coil  of  contactor  4  from  its  motor  arma- 
ture circuit  and  leaving  the  equipment  ready  for  opera- 
tion aeain. 
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General  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  heating  effect  of  a  variable  electric  current  is 
proportional  to  the  square  root  of  the  mean  square 
current,  which  obviously  is  the  square  root  of  the 
average  of  the  squares  of  the  instantaneous  current 
values  for  a  given  period  of  time,  taken  at  infinitely 
short  intervals.  The  longer  these  intervals,  the  more  in- 
accurate will  the  results  .be,  especially  under  rapidly 
changing  current  conditions.  Hence,  in  determining  this 
value  by  actual  test  it  is  necessary  to  take  current  read- 
ings as  frequently  as  possible,  equal  time  intervals  usu- 
ally being  most  convenient.  The  determination  of  the 
root  mean  square  current  by  ammeter  method,  where  the 
current  values  are  changing  rapidly,  is  not  only  difficult, 
but  tiresome  and  expensive  work,  especially  when  read- 
ings must  be  taken  over  a  considerable  period  of  time  on 
a  moving  car  or  locomotive. 

In  Fig.  I  it  is  obvious  that  if  values  are  taken  at  one- 
second  intervals  the  current  squared  readings  would 
vary  over  a  wide  range,  especially  during  the  notching 
section  of  the  curve.  The  sum  of  the  squares  for  the 
44  readings  (including  a  stop  of  7  seconds)  would  be 
approximately  106  100,  and  the  average  square  would 
be  approximately  241 1.  Extracting  the  square  root 
gives  a  value  of  49.1  amperes,  for  the  square  root  of  the 
mean  square  (frequently  abbreviated  to  "r.m.s.")  cur- 
rent, which  represents  the  "effective  heating  current 
value"  for  the  total  period  of  44.5  seconds. 

When  the  current  is  constant  for  a  given  period,  the 
average  and  r.m.s.  currents  for  that  period  are  obviously 
of  the  same  value.     With  varying  current  these  two 


values  are,  however,  quite  dift'erent.  In  Fig.  i  the  aver- 
age current  per  motor,  on  the  basis  of  integrated  area 
under  the  current  curve,  is  28.7  amperes  for  the  com- 
plete cycle,  which  is  much  less  than  the  square  root  of 
the  mean  square  value  of  49.1  amperes.  The  former 
value  is  more  a  measure  of  energy  consumption,  while 
the  latter  is  used 
only  in  the  consid- 
eration of  motor 
capacity. 

It  is  well 
known  that  the 
continuous  capac- 
ity of  any  piece  of 
electrical  a  p  par- 
atus  is  limited  by 
the  amount  o  f 
heat  it  can  dissi- 
pate. In  most 
electrical  a  p  par- 
atus,  the  principal 
sources  of  inter- 
nal heat  are  the 
copper  and  iron 
losses.  I  n  some 
apparatus  these 
losses  are  entirely  independent.  In  a  series  machine, 
however,  the  iron  loss  at  a  given  voltage  depends  upon 
the  current.  In  a  railway  motor,  for  instance,  the  gen- 
eration of  heat  is  due  to  both  copper  loss  and  iron  loss. 
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FIG.   I — SPEED-TIME-CURRENT  CURVES 

For  a  double  equipment  of  50  hp,  600  volt 

railway  motors  operating  a  20 

ton  locomotive. 
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but  its  capacity  is  determined  by  the  r.m.s.  current 
(sometimes  called  "equivalent  heating  current"),  at 
which  it  can  operate  without  exceeding  a  safe  rise  in  tem- 
perature. Many  other  types  of  machines  designed  for 
intermittent  service  are  given  r.m.s.  current  ratings. 

PRINCIPLE   OF  THE   R.M.S.    CURRENT    METER 

In  order  to  measure  this  equivalent  heating  current 
expeditiously,   accurately   and  economically,   Mr.   J.   L. 


JIG    2-ORIGINAI,  R.M.S.  CURRENT  METER  AND  SHUNT  KoR 
DIRECT-CURRENT  WORK 

The  shunt  is  arranged  with  50,  60  and  70  ampere  sections 
,nd  has  three  sets  of  main  and  shunt  lead  termmals,  as  shown 
a  le  t  ConnecUng  the  main  and  shunt  leads  to  the  proper  ter- 
minals on  this  end  of  the  shunt  permits  the  measurement  of 
rm.s.  currents  up  to  and  including  the  above  values  for  ten- 
hour  periods. 

Davis  in  1910  invented  the  original  root  mean  square 
current  meter.  It  has  proven  to  be  a  very  convenient 
and  valuable  instrument,  especially  in  railway  testmg 
work,  and  should  be  equally  valuable  in  the  industrial 
field  when  variable  current  values  are  to  be  measured  m 
terms  of  the  root  mean  square  value. 

The  measurement  of  current  by  this  meter  depends 
upon  the  generation  of  heat,  by  passing  all  or  part  of  the 
current  through  a  resistance  immersed  in  a  given  quan- 
tity of  water.  Since  the  heat  generated  is  proportional 
to  the  square  of  the  current,  the  temperature  of  the 
water  will  (except  for  heat  losses)  be  raised  in  the  same 
proportion.  Every  change  in  current  value  will  virtually 
be  integrated,  on  the  basis  of  the  square  of  the  current, 
at  infinitely  small  time  intervals,  by  the  rising  tempera- 
ture of  the  water.  Rapid  radiation  of  heat  is  prevented 
by  the  use  of  a  vacuum  jar.  To  determine  the  r.m.s. 
current  it  is  only  necessary  to  observe  the  elapsed  time 
and  the  rise  in  water  temperature.  By  applying  these 
values  to  the  current  curves  shown  in  Fig.  6,  the  r.m.s. 
current  can  readily  be  determined. 

The  principles  on  which  this  instrument  is  built  free 
it  from  many  of  the  difficulties  of  meters  in  which  mag- 
nets and  moving  parts  are  employed.  It  will  measure 
the  effective  or  r.m.s.  current  values  on  either  alter- 
nating or  direct  current  and,  unlike  many  alternating- 


current  instruments,  its  accuracy  is  not  affected  by  fre- 
quency, wave  form,  etc. 

The  original  meter,  as  shown  in  Figs.  2  and  5,  con- 
sists of  a  small  coil  supported  by  two  small  rods  passing 
through  a  cork.  The  rods  serve  to  conduct  the  current 
to  the  coil  from  the  terminals  on  the  top  of  the  element. 
The  thermometer  is  supported  at  the  lower  end  by  an 
insulating  disc  and  metal  clip.  Originally,  the  top  of  the 
thermometer  was  held  by  the  cork  through  which  the 
rods  pass.  With  this  instrument  it  was  necessary  to  re- 
move the  cork  and  element  to  read  the  thermometer, 
which  permitted  heat  to  escape.  This,  while  not  serious, 
had  a  slight  effect  on  the  accuracy  of  the  instrument. 
This  meter  was  arranged  for  use  on  direct-current  only. 
The  shunt  was  designed  for  three  different  current 
values. 

THE    PRESENT    METER 

The  element  shown  in  Figs.  3  and  4,  and  at  the  left 
in  Fig.  5,  consists  of  a  resistance  wire  supported  on  por- 
celain insulators,  mounted  on  a  metal  framework.  The 
leads  to  the  resistor  are  taken  through  the  cork  to  ter- 
minals on  the  top  of  the  meter.  Heavy  extra  flexible 
leads  are  used  to  connect  the  meter  terminals  to  the 
shunt  or  transformer  secondary.  The  lower  end  of  the 
frame  holds  four  spring  fingers  which  prevent  the  ele- 
ment from  swinging  sidcwise  and  breaking  the  glass  con- 
tainer. 

In  operation,  the  temperature  of  the  water  tends  to 
be  slightly  higher  at  the  top  than  at  the  bottom  of  the 
water  column.  A  stirring  rod,  in  the  hollow  tube  which 
supports  the  framework  of  the  element,  is  attached  to 
two  vanes,  which,  when  moved  up  and  down,  thor- 
ough' mix  the  water,  causing  a  uniform  temperature 


FIG.  3 — R.M.S.  METER  AND  SHUNT 

For  direct-current  work,  with  element  and  thermometer  in  place. 
The  shunt  has  a  capacity  of  35  amperes  and  can  be  used  to 
measure  r.m.s.  currents  as  low  as  15  amperes.  Smaller  shunts 
will  permit  a  measurement  as  low  as  the  capacity  of  the  element. 

throughout.  This  is  used  previous  to  taking  tempera- 
ture readings. 

A  100  degree  C.  thermometer  is  provided  with  a  spe- 
cial bushing,  and  is  inserted  through  a  hole  in  the  cork 
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until  the  bushing  is  seated  in  the  Hd  and  holds  the  ther- 
mometer firmly.  When  the  thermometer  is  not  in  use, 
the  hole  in  the  lid  is  closed  by  a  small  cork  attached  to  a 
chain.  A  standard  vacuum  jar  is  used  to  hold  the  water 
and  element.  In  case  of  breakage,  which  is  very  infre- 
quent, these  vacuum  bottles  can  be  bought  in  the  open 
market.  Breakage  is  usually  the  result  of  accident  or 
very  rough  usage,  such  as  an  ordinary  voltmeter  or  am- 


FIG.  4 — R.M.S.   CURRENT    METER   AND   TRANSFORMER 

For  alternating-current  work,  having  a  portable  type  400/5  cur- 
rent transformer.  Any  current  transformer  of  proper  ratio  can 
be  used,  but  as  a  rule  25  cycle  are  preferable  to  60  cycle  trans- 
formers, because  they  can  be  used  on  60  cycles  and  will  cover  the 
range  of  frequency  employed  in  commercial  work. 

meter  would  be  unable  to  withstand  without  injury. 

Special  shunts  are  used  for  direct-current  work. 
They  are  made  of  manganin,  and  are  provided  with  re- 
movable covers,  arranged  to  permit  all  connections  to  be 
made  before  putting  the  cover  in  place.  This  feature 
protects  the  operator  and  others  from  all  live  parts.  The 
supporting  straps  are  so  arranged  that  the  shunt  can  be 
placed  on  the  floor  and  still  get  proper  ventilation.  It 
can  also  be  mounted  underneath  the  bottom  of  a  car,  or 
on  a  wall  by  means  of  ordinary  wood  screws  or  bolts. 

With  direct  current  it  is  permissible  to  use  the  instru- 
ment on  1500  volt  circuits,  the  element  and  shunts  being 
designed  for  this  voltage.  They  can  be  used  on  any 
higher  voltage,  provided  the  instrument,  shunt,  leads  and 
operator  are  properly  insulated  from  the  opposite  side  of 
the  circuit.  On  railway  motor  equipments  where  ground 
return  is  used,  the  shunt  should  be  connected  in  the  cir- 
cuit on  the  ground  side  of  the  motors.  This  gives  maxi- 
mum safety  and  permits  the  use  of  the  meter  on  the 
highest  voltage. 

On  alternating-current  the  instrument  is  applicable  to 
any  voltage,  provided  a  series  transformer  with  standard 
insulation  is  employed. 

INSTALLATION  AND  OPERATION 

For  making  a  test  on  direct-current  apparatus,  a 
shunt  of  the  proper  capacity  is  connected  in  the  circuit 
carrying  the  current  to  be  measured.  Where  the  r.m.s. 
current  values  are  sufficiently  low  the  meter  is  connected 
directly  in  the  circuit.     For  alternating  current,  a  series 


transformer  with  a  five-ampere  secondary  is  used  instead 
of  a  shunt. 

A  definite  quantity  of  distilled  water,  at  a  temperature 
of  approximately  20  degrees  C,  is  put  in  the  vacuum  jar 
at  the  beginning  of  the  test.  When  starting  with  the 
water  at  this  temperature,  the  instrument  can  be  kept  in 
the  circuit  for  a  period  of  approximately  ten  hours,  pro- 
vided the  r.m.s.  current  does  not  exceed  the  rating  of 
the  element  or  shunt.  As  a  matter  of  fact,  the  test  can 
be  started  with  the  water  at  almost  any  temperature 
which  will  permit  it  to  be  finished  without  bringing  the 
water  too  near  the  boiling  point.  A  correction  factor  is 
applied  for  initial  temperatures  which  are  more  than 
five  degrees  C.  above  or  below  an  initial  temperature  of 
20  degrees  C.  Simultaneous  readings  of  water  tempera- 
ture and  time  should  be  taken  at  frequent  intervals.  In 
tests  on  railway  equipments,  these  readings  can  be  taken 
at  such  points  as  will  facilitate  the  determination  of 
r.m.s.  currents  for  any  section  of  a  run.  In  fact,  in  any 
class  of  variable  load  work,  the  time  of  taking  the  read- 
ings can  be  so  arranged  that  the  r.m.s.  current  can  be 
obtained  for  the  whole  period  of  test,  or  any  intermedi- 
ate period,  or  criiiil)ination  of  periods. 


FIG.  5 — ORIGINAL  R.M.S.  CURRENT  METER  ON  THE  RIGHT  AND 

PRESENT  METER  ON  THE  LEFT 

With  elements  removed  from  vacuum  containers. 

The  calibration  curves.  Fig.  6,  are  determined  by 
passing  a  constant  current  through  the  meter  and  plot- 
ting the  results  of  these  readings,  separate  tests  being 
made  for  each  current  value.  These  curves  show  only 
the  current  which  passes  through  the  element.  Assume 
that  with  a  50  ampere  shunt  in  the  circuit,  the  tempera- 
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FIG.  6 — CALIBRATION  CURVES  FOR  R.M.S. 
CURRENT  METER 


ture  rise  for  the  first  five  hours  of  the  test  is  25  degrees 
C.  The  curves  show  that  the  r.m.s.  current  through  the 
element  is  three  amperes.  Multiplying  this  value  by  15 
(the  multiplier  for  this  particular  shunt)  gives  a  value 
of  45  amperes  for  the  r.m.s.  current  in  the  main  circuit. 

An  examination  of  Fig.  7  shows  that  the  efifect  of 
radiation  and  conduction  of  heat   from  the  bottle  is 

slightly  greater  at 
the  higher  tempera- 
tures. A  cooling 
curve  of  a  vacuum 
bottle  is  shown  in 
Fig.  7.  In  the  ordi- 
nary test,  the  final 
temperature  of  the 
water  will  usually 
not  be  over  60  to  70 
degrees  C.  (40  to  50 
degrees  rise  above  an 
initial  water  temper- 
ature 0  f  approxi- 
mately 20  degrees 
C).  The  cooling 
curve  shows  that  the 
radiation  is  more 
rapid  above  70  degrees  C.  than  below  this  value.  Hence 
in  the  usual  test  the  effect  of  radiation  of  heat  will 
be  relatively  small,  being  approximately  six  degrees 
in  a  period  of  ten  hours.  The  effect  was  taken  into 
consideration  in  plotting  the  current  curves  shown  in 
Fig.  6,  which  are  arranged  for  tests  lasting  up  to  ten 
hours.  The  average  test  will  not  cover  more  than  two 
to  six  hours,  but  for  tests  of  longer  time  than  is  covered 
by  Fig.  6  it  would  only  be  necessary  to  extend  the  curves. 

TEST   RESULTS 

Results  obtained  in  careful  laboratory  tests  show  that 
the  error  of  the  instrument  is  less  than  two  percent. 
Careful  comparative  tests  have  been  made  to  ascertain, 
if  possible,  the  effect  on  the  accuracy  of  the  meter  of  a 
constant  current,  as  compared  with  that  of  an  inter- 
mittent current  of  equal  root  mean  square  current  value. 
The  rise  of  water  temperature  for  a  given  time  was  the 
same  in  either  test,  proving  that  the  meter  is  equally 
accurate  under  either  of  these  conditions. 

FIELD  OF  APPLICATION 

This  meter  is  most  valuable  under  varying  load,  vary- 
ing cycle  conditions.  These  conditions  are  probably  more 
prevalent  in  railway  work  than  in  any  other  line ;  but  in- 
dustrial, mill  and  mining  work  undoubtedly  follow  as  a 
close  second.  In  each  class  of  work  there  are  motors 
and  generators  working  beyond  their  thermal  capacity; 
while  on  the  other  hand,  there  are  probably  as  many 
which  are  not  working  up  to  their  full  rated  capacity. 
In  either  case  the  over-all  operation  is  inefficient.  The 
first,  because  the  life  of  the  insulation  is  short,  and  repair 
bills  in  general  are  unnecessarily  high.  The  second,  be- 
cause these  machines  are  not  operating  at  their  maxi- 


mum efficiency ;  and  in  the  case  of  motor  cars  the  excess 
weight  must  be  transported  at  a  loss,  to  say  nothing  of 
the  excessive  first  cost,  due  to  purchasing  an  oversized 
machine.  These  conditions  can  usually  be  avoided,  or 
remedied,  by  knowing  the  actual  load  conditions  under 
which  the  apparatus  is  working.  In  railway  work  this 
applies  to  equipments  for  locomotives,  cars,  substations, 
power  stations,  etc.,  either  alternating  or  direct  current. 
In  industrial,  mill  and  mine  work  the  instrument  can 
be  used  to  great  advantage  in  checking  the  load  on 
motors  for  blooming  mills,  bridges,  hoists,  cranes,  ore 
bridges,  building  elevators,  mine  locomotives,  mining 
machines  and  auxiliary  motors  of  all  kinds. 

CONCLUSIONS 

The  usual  ammeter  indication  of  current  may  be  di- 
vided into  three  general  classes,  as  follows : — 

I — Steady  current. 

2 — Fluctuating  currents  which  cause  the  ammeter  needle  to 
swing  slowly  enough  to  permit  reading  at  regular  intervals,  but 
with  unnecessary  effort  and  inaccuracy. 

3 — Fluctuating  currents  which  cause  the  ammeter  needle  to 
swing  too  rapidly  to  permit  taking  readings. 

The  root  mean  square  current  meter  is  adapted  to 
determine  the  eft'ective  heating  value  under  the  last  two 
classes  of  readings,  with  a  minimum  amount  of  work, 
time  and  expense. 

The  number  of  observers  is  reduced  to  a  minimum, 
as  only  a  few  minutes  of  one  person's  time  is  required. 
The  results  can  be  quickly  approximated  while  the  test 
is  proceeding,  giving  an  indication  of  the  load  conditions 
while  the  test  is  still  in  progress.  For  an  all-day  test,  a 
very  short  time  is  required  to  determine  from  test  data 
the  r.m.s.  current  for  each  intermediate  period,  and  also 
that  for  an  entire  day;  whereas,  with  five-second  read- 
ings, to  obtain  the  same  amount  of  data  would  entail  sev- 
eral days'  work  ;  hence  a  large  saving  in  time  and  expense. 

On  account  of  absence  of  moving  parts,  more  ac- 
curate results  are  obtained  on  a  moving  truck,  car  or 
locomotive.  The  personal  error  in  taking  readings  is 
reduced  to  a  minimum.    Though  limited  in  the  scope  of 
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FIG.   7 — COOLING  CURVE  OF  A  VACUUM   BOTTLE 

work  which  it  can  perform,  this  meter  is  almost  univer- 
sal in  its  application  to  currents  of  any  value,  frequency 
or  wave  form,  and  at  almost  any  voltage.  It  has  been 
perfected  through  experience  gained  in  a  large  number 
of  service  tests,  principally  in  railway  work,  and  has 
conclusively  proven  its  value  in  the  work  for  which  it 
was  designed. 


I  c/XpjVlkatloii   of  >Syiiclvpo:ao((^   CoiuhiBors 

F.  H.  Farmer  and  E.  V.  Caton 

THIS  paper  has  particular  reference  to  the  installation  recently  made  at  the  terminal  station  of  the  City  of 
Winnipeg's  system.*  In  this  case  line  regulation  was  to  some  extent  a  by-product;  the  main  consideration 
was  to  increase  the  capacity  of  the  lines  to  meet  the  growing  load.  The  installation  of  new  transmission  lines 
is,  of  course,  a  very  costly  undertaking,  and  in  this  case  the  cost  of  synchronous  condensers  with  their 
necessary  equipment  was  only  a  fraction  of  the  cost  of  additional  transmission  lines  to  produce  the  same 
increase  of  line  capacity. 


THE  method  of  increasing  transmission  line  capacity 
by  the  use  of  synchronous  condensers  should  be 
given  careful  consideration,  not  only  where  it  is 
desired  to  increase  the  load  on  an  existing  transmission 
line,  but  also  in  designing  new  lines.    By  its  use  the  in- 
ductive drop  can  be  eliminated,  instead  of  imposing  a 
c  o  m  p  a  ratively    low 
limit  upon  the  line  ca- 
pacity.    From  this  it  ^  ,,  -    --' 
follows  that  the  spac-                            ^.f- 
ing  of   cables  on   the                           >?    *t^ 
towers  may  be  in- 
creased,    i  f     desired, 
without  aflfecting  the 
regulation   at  the   re- 
ceiving   end.     Also 
heavier  copper  may  be 
used,    thus    reducing 
ohmic    losses    in    the 
line,  although  on  ordi 
nary    t  r  a  n  s  m  ission 
lines  there  is  very  Ut- 
tle  object  in  increasing 
the  size  of  copper  be- 
yond a  certain  point, 
because  the  total  drop, 
being  composed   of 
ohmic    and    inductive 


FIG.   I — 6000  K.V.A.,  THREE-PHASE,  660O  \OLT,  60O  R.P.M. 
SYNCHRONOUS   CONDENSER 

Used  in  connection  with  the  constant  voltage  transmission  line  to  the 
City  of  Winnipeg. 


PRINCIPLE   OF   LINE   REGULATION    BY 
SYNCHRONOUS    MOTORS 

The  regulation  (or  variation  in  voltage  between  no 
load  and  the  required  load)  under  various  conditions  of 
load  is,  in  practically  all  long-distance  transmission  lines, 
the  factor  which  limits  the  amount  of  power  which  can 

b  e  transmitted  over 
any  line.  For  this  rea- 
s  o  n  anything  which 
tends  to  improve  the 
regulation  will  in- 
,  crease  the  amount  of 

*^»v  power    which    it    is 

practicable  to  transmit 
over  a  given  line. 

In  ordinary  direct- 
current  transmission 
lines,  the  only  variable 
for  a  given  line,  which 
causes  a  voltage  drop, 
is  the  current,  the 
drop  being  given  by 
the  simple  law  :—E  i= 
IR,  where  E  =  volt- 
age drop ;  /  ^=  cur- 
rent ;  and  R  =  resist- 
ance of  line  in  ohms. 
With     alternating 


drop,   is   only    slightly    influenced   by    decrease   in   line     current  the  conditions  are  entirely  different  as,  in  addi- 


tion to  the  simple  IR  drop,  there  is  the  drop  due  to 
the  self-induction  of  the  line,  which  is  given  by  PLI, 
where  P  =  ^tt  times  the  frequency ;  L  =  self-induction 
of  the  circuit  in  henrys ;  and  /  =:  current. 

To  obtain  the  total  drop  it  is  necessary  to  add  these 


resistance,  as  is  illustrated  in  Fig.  5. 

From  the  operating  standpoint,  a  system  of  this  kind 
has  the  important  advantage  that  it  admits  of  regulation 
at  the  receiving  end,  instead  of  only  at  the  power  house. 
In  the  case  of  a  long  transmission  line  where  the  voltage 
drop  at  full  load  is  considerable,  and  depends  upon  both  two  values  together  vectorially 
load  and  power-factor  conditions,  it  is  difificult  for  the 
station  operator  to  maintain  correct  bus-bar  voltage  at 
the  receiver  end  at  all  times.  The  operator  at  the  receiv- 
ing end  is  conversant  with  load  conditions  and  can 
readily  adjust  the  voltage  to  meet  load  conditions  by  the 
use  of  synchronous  condenserst  at  the  receiving  station 


*See  also  articles  on  "Constant- Voltage  Operation  of  a 
High-Voltage  Transmission  System,"  by  Messrs.  L.  A.  Herdt 
and  E.  G.  Burr,  in  tlie  Journal  for  Sept.,  '15,  p.  397;  and  on 
"The  Calculation  of  Constant- Voltage  Transmission  Lines,"  by 
Mr.  H.  B.  Dwight,  Sept.,  '14,  p.  4S7. 


fWhile  the  term  "synchronous  condenser"  is  in  general  use 
as  applying  to  the  use  of  synchronous  motors  for  the  purpose  of 
power-factor  correction,  it  is  only  correct  when  the  motor  is 
supplying  a  leading  current.  Since  it  is  often  necessary  to  sup- 
ply lagging  current  to  obtain  the  necessary  regulation  the  term 
"synchronous  reactor"  has  been  suggested  as  the  more  correct 
term  to  apply.  The  term  "phase  compensator"  has  also  been 
used,  but  it  is  liable  to  lead  to  confusion,  as  this  term  is  applied 
to  apparatus  sometimes  used  in  connection  with  large  wound 
rotor  induction  motors  to  improve  their  individual  power-factor. 
Throughout  this  paper  the  term  "synchronous  condenser"  will 
be  used  as  applying  to  synchronous  motors  running  without 
mechanical  load  and  supplying  the  necessary  wattless  leading 
or  lagging  current  required  for  power-factor  correction. 
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E  =  I\/l<'  +  P^L', 


the  value  V  i?^  +  P'-L-  being  known  as  the  impedance 
of  the  circuit.  This  equation,  however,  only  holds  good 
for  a  non-inductive  load  on  a  transmission  line  and  it  is 

necessary  to  make 
other  cor  rections 
when  the  load  is  in- 
ductive. 

Any  alter  nating 
current  can  be  consid- 
ered as  split  up  into 
t  w  0  components  at 
right  angles  to  each 
other,  one  being 
known  as  the  power 
or  in-phase,  and  the 
other  the  wattless  or 
out-of- phase  compo- 
nent ;  the  angle  be- 
tween the  power  com- 
ponent and  total  cur- 
rent being  the  angle  of 
phase  difference,  and 
the  cosine  of  this 
angle  being  what  is 
known  as  the  power- 
factor  of  the  circuit, 
as  shown  graphically 
in  Fig.  2.  By  inspec- 
tion it  can  be  seen 
that  :— 


NGS.  2,  3  and  4  —  vector  diagrams 

FOR  GRAPHICAL  REPRESENTATION 
OF  VOLTAGE  DROP 

BC  =  total  current;  AC  ^=^  power 
component;  AB  =  wattless  compo- 
nent; e=z  angle  of  phase  difference; 
ence;  Et  =  voltage  at  receiver  enr : 
Ei  =  voltage  at  supply  end ;  /  = 
current  at  receiver  end. 

AC  =  BC  COS.  0 

AB  =  BC  sin.  6 

^„,-^^  Wattless  current  ^  AB  ^  ,^„   g 

Power  current        AC 

Thus  the  actual  power  of  the  current  is  proportional 
to  the  length  AC  and  any  increase  in  the  angle  d  with 
AC  remaining  constant,  i.  e.,  with  constant  power,  will 
increase  BC  and  BA,  or  in  other  words,  the  total  current 
will  increase  with  an  increase  of  0  without  any  increase 
in  the  power. 

Since  the  total  current  in  a  circuit  may  be  considered 
as  resolved  into  two  components,  the  in-phase  and  the 
out-of-phase,  respectively,  it  follows  that  the  total  volt- 
age in  a  circuit  may  be  similarly  resolved  and  the  triangle 
in  Fig.  2  may  represent  a  triangle  of  voltage  as  well  as 
of  current. 

A  simple  diagram  for  the  graphical  determination 
of  the  voltage  drop  in  an  alternating-current  circuit  for 
varying  conditions  of  load  and  power-factor  is  shown  in 
Fig.  3,  which  is  the  simple  Mershon  diagram.  The*  tri- 
angle abc  is  the  triangle  of  voltage  drop,  like  the  triangle 
shown  in  Fig.  2,  ab  being  the  drop  due  to  the  resistance 
of  the  line ;  cb  the  drop  due  to  the  reactance  of  the  line ; 
and  ac  being  the  total  impedance  drop.  The  total 
drop  is  equal  to  XY  measured  on  the  same  scale  as  £,, 
and  is  the  difference  between  the  length  of  the  vectors 
Es  and  E„  as  shown  in  Fig.  4.    In  this  figure  the  triangle 


abc  has  each  of  its  individual  coniponents  resolved  into 
their  in-phase  and  out-of-phase  components,  with  refer- 
ence to  the  voltage  at  the  receiver  end.    That  is : — 

ab  is  resolved  into  two  components, — 

bd  =  resistance  drop  of  out-of-phase  current. 
ad  =  resistance  drop  of  in-phase  current. 

be  is  resolved  into  two  components, — 

ec  =  reactance  drop  of  out-of-phase  current. 
eb  =  reactance  drop  of  in-phase  current. 

The  total  XY  equals  ad  +  df  +  fg. 

-  IR  COS.  e  +  IX  sin.  S  +  Es  {i  —  cos.  a), 

where  a  is  the  angle  of  phase  difference  between  the  voltage  at 
the  transmitting  end  and  the  voltage  at  the  receiving  end.  This 
angle  is  usually  so  small  that  the  last  expression  may  be  neg- 
lected, thus  giving  a  convenient  approximate  result. 

Voltage  drop  —  IR  cos.  9  -(-  /X  sin.  6. 

From  the  above  it  will  be  noted  that  the  total  drop 

now  depends  upon  four  factors: — 

I — The  current  =  /. 
2 — Resistance  =:  R. 
3 — Reactance  =:  X. 
4 — Angle  of  phase  difference  6,  or  power-factor. 

Since  R  and  A'  are  fixed  for  any  line,  the  only  way 
in  which  the  drop  may  be  altered  is  by  changing  either 
the  current  or  the  power-factor.  Since  an  increase  in 
the  current  will  obviously  increase  the  drop  by  lengthen- 
ing both  ab  and  ac,  and  therefore  XY ,  it  will  be  seen  that 
to  improve  the  regulation  without  decreasing  the  power 
the  angle  0  must  be  decreased,  thereby  making  the  angle 
between  ac  and  £,  less  obtuse  and  so  reducing  XY.  In 
other  words,  the  power-factor  must  be  improved. 

For  this  reason  it  has  been  found  advisable  in  some 
cases  for  the  supply  company  to  install  large  .synchro- 
nous motors  and  by  means  of  their  field  control  to  regu- 
late the  power-factor  of  the  system  on  which  they 
operate. 

The  method  by  which  the  current  taken  by  a  syn- 
chronous motor  may  be 
made  to  vary  in  both 
quantity  and  phase  dis- 
placement is  shown  by 
simple  vectors  in  Fig.  6. 
In  case  (a)  the  machine 
is  supposed  to  be  excited 
to  below  i  t  s  normal 
value.  Let  the  applied 
voltage  equal  OE3.  The 
generated  motor  voltage 
equals  OE^  and  lags 
slightly  behind  the  true 
opposition  value  by  an 
angle  <i>,  which  depends 
upon  the  mechanical  load 
on  the  machine,  and  is 
constant  for  const  ant 
loads.  This  is  actually 
the    angle    of    displace- 
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Resistance,  reactance  and  imped- 
ance given  per  mile  of  line. 


ment  of  a  pole  from  the  center  of  polarity  of  the  arma- 
ture winding  at  any  instant,  due  to  the  torque  imposed 
by  a  mechanical  load  tending  to  pull  the  machine  out  of 
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The  current  will  thus  be 


step.  The  resultant  of  OEs  and  OE^  is  OE^,  which  is 
the  voltage  available  for  forcing  current  through  the 
winding. 

Now  OEvL  may  be  resolved  into  its  two  compo- 
nents OC,  the  in-phase  voltage,  and  C£r,  the  out- 
of-phase,  the  angle  <ir  being  such  that  tan  ^  equals 
resistance  of  motor  armature 
reactance  of  motor  armature 
along  the  line  OC  and  will  in  this  case  lag  behind  the 
impressed  voltage  Ea.  Its  value  will  be  equal  to 
Er^t-  Z  when  Z  =  the  impedance  of  the  windings. 

In  case  (b)  the  excitation  is  increased  above  the  nor- 
mal and  the  resultant  OEr  is  obtained.  The  current  01  in 
this  case  leads  the  impressed  e.m.f.,  the  angle  ■i'  being 
a  constant  for  any  one  machine. 

Thus  by  changing  the  excitation  of  a  synchronous 
motor  various  values  of  current  can  be  obtained.  Above 
a  certain  value  of  excitation  these  currents  lead  the  im- 
pressed e.m.f.,  and  below  this  value  they  lag  behind  the 
impressed  e.m.f.  This  is  shown  in  the  well-known  V 
curve  of  synchronous  motors,  illustrated  in  Fig.  7. 

Now  from  the  simple  diagram  shown  in  Fig.  2  it  is 
evident  that  by  reducing  the  out-of-phase  component,  the 
power- factor  may  be  in- 
creased, and  it  is  obvious  that 
by  applying  to  the  circuit  a 
current  equal  in  value  to  the 
out-of-phase  component,  but 
180  degrees  different  in 
phase,  the  wattless  compo- 
nent may  be  eliminated  and 
the  power-factor  brought  to 
unity.  That  is,  by  loading 
the  circuit  with  a  leading  cur- 
rent equal  to  the  out-of-phase 
component  AB  =  I  sin.  6, 
the  power-factor  may  be 
made  unity. 

To  find  the  k.v.a.  required  to  raise  the  power-factor 
of  a  given  load  to  another  power-factor  it  is  only  neces- 
sary to  apply  a  leading  current  equal  to  the  difference  of 
the  wattless  components  in  the  two  cases.  Thus  to  raise 
100  kw  at  80  percent  power- factor  to  100  percent  power- 
factor: — The  k.v.a.  =  125.  The  watt  component  ^= 
125  X  COS.  d  =  125  X  0.8  =  100  kw.  The  wattless 
component  =  125  X  sin.  6  =  125  X  0.6  =  75  k.v.a.; 
or,  to  bring  up  the  power-factor  of  a  load  of  100  kw 
at  80  percent  power-factor  to  unity  power-factor  would 
require  a  synchronous  motor  capacity  of  75  k.v.a.  lead- 
ing. Another  method  of  calculation  may  be  used,  thus 
wattless 


FIG.    6  —  VARIATION     OF    CUK 

RENT   IN    A    SYNCHRONOUS 

CONDENSER  WITH  PHASE 

DISPLACEMENT 


the  ratio 


ta)!.  6:  therefore  the  wattless  com- 


pozver 
ponent  =  100  tan.  &  =  75  k.v.a. 

The  practical  application  of  the  regulation  of  a  line 
by  the  use  of  synchronous  motors  is  found  where  the 
voltage  at  the  power  house  is  kept  constant  and  the 
power-factor  of  the  load  is  varied  to  give  the  required 
voltage  at  the  receiver  end.     During  light  load  the  syn- 


chronous motor  is  made  to  give  a  lagging  current  and 
thus  decrease  the  power-factor  and  increase  the  drop; 
and  on  heavy  loads  the  synchronous  motor  is  made  to 
give  a  leading  current,  thus  increasing  the  power-factor 
and  decreasing  the  drop.  By  suitable  adjustment  of  the 
synchronous  motor  excitation  the  power  house  voltage 
may  be  held  constant  over  a  wide  range  of  load  and  the 
voltage  at  the  receiver  end  adjusted  to  the  load  condi- 
tions. 

This  method  of  operation  may  be  open  to  objections 
on  the  score  of  efificiency  when  the  power  is  supplied  by 
a  steam  plant,  but  in  the  case  of  a  hydro-electric  plant 
supplying  power  over  a  long  line  it  has  obvious  advan- 
tages. 

In  the  case  of  the  ordinary  transmission  line,  the 
theoretical  limit  of  constant  voltage  regulation  is  so  much 
larger  than  the  load  for  which  the  line  is  designed  that 
it  is  of  little  importance,  the  efficiency  being  the  limiting 
value.  In  the  case  of  lines  having  conductors  of  large 
size,  however,  the  efificiency  becomes  of  importance,  since 
it  is  high  right  up  to  the  theoretical  limit  of  constant 
voltage  regulation.  In  practice  the  theoretical  limit  is 
felt  with  very  heavy 
lines  by  a  rapid  in- 
crease in  the  condenser 
cap  acity  required  as 
this  limit  is  approached. 
A  graphical  method  of 
determining  the  theo- 
retical limit  of  constant 
voltage  design  is  shown 
in  Fig.  8,  which  is 
worked  out  for  the  City 
of  Winnipeg's  trans- 
mission line,  when  only 
one  bank  of  trans- 
formers are  in  circuit 
at  each  end. 

At  the  time  it  was  de- 
cided to  install  synchronous  condensers  the  City  of 
Winnipeg's  plant  consisted  of  five  3000  kw  generators, 
and  three  5000  kw  sets  were  being  installed,  making  the 
total  normal  capacity  of  the  station  equal  to  30  000  kw 
without  considering  the  overload  capacity  of  the  ma- 
chines. The  design  of  the  plant  is  such  that  an  ultimate 
capacity  of  81  600  kw  may  be  installed.  The  present 
transmission  line  consists  of  two  circuits  carried  on  one 
set  of  steel  towers.  The  particulars  of  the  line  are  as 
follows : — ■ 

Length,  77  miles ;  frequency,  60  cycles ;  cable,  278  600  circ. 
mils  aluminum;  average  conductivity,  61.15  percent;  overall 
diameter,  0.653  in-;  wires  carried  at  corners  of  an  equilateral 
triangle  of  six-foot  sides ;  resistance  per  wire  at  o  degree  C, 
22.7  ohms ;  reactance  per  wire,  53.8  ohms ;  capacity  susceptance 
per  wire  to  neutral,  0.000462 ;  lines  designed  for  maximum  load 
of  II  250  kw  each. 

The  present  right  of  way  will  allow  another  set  of 

towers  with  two  more  lines  to  be  installed.    It  will  thus 

be  seen  that  under  the  conditions  existing  in  1913  the 

maximum  capacity  of  the  existing  right  of  way  was 


FIG.    7  —  EXCITATION    CURVE   OF   60OO 
K.V.A.    SYNCHRONOUS    CONDENSER 
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45  ooo  kw.  The  load  hal  risen  to  over  14000  kw,  and 
with  this  increasing  rapidly  it  was  necessary  to  provide 
additional  line  capacity.  Various  methods  were  dis- 
cussed, among  others  the  building  of  an  additional  line 
and  the  increasing  of  the  present  line  voltage.  However, 
in  view  of  the  expense  involved  in  either  of  these 
t  Vi,.>~.p<;.  the  installation  of  synchronous  condensers  at 
the  ternrnal  station  was  deci'.ted  upon.  The  power- 
factor  of  the  load  at  that  time  variel  from  about  78  per- 
cent on  light  load  to  88  percent  on  f u-!  load. 

EQUIPMENT 

At  the  City  of  ^^'innipeg's  terminal  statio..  the  elec- 
trical energy  transmitted  from  Point  du  Bois  at  6000c 
volts  is  transformed  to  12  000  volts  at  the  bus-bars,  at 
which  voltage  it  is  transmitted  to  the  various  substations 
of  the  system  md  to  the  city  pumping  system.  The  con- 
densers are  arranged  to  operate  from  the  12  000  volt  bus- 
bars, and  so  maintain  the  load  on  the  power  transformers 
at  the  desired  power-factor. 
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FIG.   8— -CIRCLE  DIAGRAM*   FOR   SYNCHRONOUS   CONDENSER 

On  a  transmission  line  where  a  :=  — 12350;  h  =  -1-35  000;  c  = 

-I-47000;  power  house  volts  =  72000;  terminal 

volts  =:  57300. 

The  transformers  are  rated  at  6300  k.v.a.,  with  pri- 
mary at  12  000,  and  secondary  at  6600  volts.  They  are 
star  connected  on  buth  sides,  with  suitable  taps  on  the 
high-tension  side  to  take  care  of  changes  in  bus-bar 
voltage,  and  with  three  sets  of  terminals  brought  out  on 
the  low-tension  side,  giving  11 50,  3300  and  6600  volts. 
The  first  two  are  for  starting  purposes  only. 

The  two  condensers  are  each  of  6000  k.v.a.,  60  cycles, 
6600  volts,  600  r.p.m.  capacity  at  zero  leading  power- 
factor.  This  rating  is  a  maximum  rating  and  is  based 
on  a  temperature  rise  of  50  degrees  C.  at  continuous  full 
load.  On  account  of  the  high  speed  they  do  not  occupy 
much  floor  space,  the  bedplate  being  only  12  ft.  by  9 
ft.  6  in.  The  construction  of  the  stator  follows  stand- 
ard methods  and  has  large  air  ducts  for  ventilation.  The 
end  bell  is  solid,  so  as  to  constrain  the  air  to  be  forced 
past  the  armature  winding.    The  rotor,  which  is  a  solid 


*Sce  article  on  "Calculation  of   Constant  Voltage  Trans- 
mission Line,"  by  Mr.  H.  B.  Dwight,  Sept.,  '14,  p.  487. 


steel  casting,  has  interior  ventilating  ducts  through  which 
air  can  circulate  into  the  inner  part  of  the  machine.  Fan 
blades  are  attached  to  the  rotor  near  the  center  to  force 
the  air  into  these  ducts,  and  blades  are  also  attached 
near  the  periphery,  as  shown  in  Fig.  9,  which  produce  a 
powerful  draft  inside  the  housing. 

The  machines  have  to  dissipate  the  heat  losses  on  a 
capacity  of  6000  k.v.a.  and,  since  they  are  of  compara- 
tively small  dimensions,  owing  to  the  high  speed,  the  air 
must  be  passed  through  rapidly  to  dissipate  the  heat  gen- 
eral ed.  Each  machine  passes  about  twenty  thousand 
cubic  feet  of  air  per  minute.  In  order  to  prevent  the  air 
in  the  room  becoming  too  hot  a  disc  fan  has  been  placed 
in  the  wall  as  high  as  possible.  The  air  enters  the  build- 
ii  ''  through  a  large  door  communicating  with  an  open 
craneway,  and  it  therefore  is  as  cool  as  outside  condi- 
tions will  admit.  Under  these  conditions,  even  with  the 
hottest  summer  weather,  the  circulating  air  is  kept  rea- 
sonably cool. 

A  damping  winding  is  inserted  in  slots  in  the  faces 
of  the  pole  pieces.  The  principal  function  of  this  wind- 
ing is  to  make  the  machine  self-starting,  but  it  further 
has  a  powerful  damping  effect.  A  40  kw  exciter  is 
direct  connected  on  the  rotor  shaft. 

It  is  essential  in  a  machine  of  this  sort  whose  capacity 
is  a  considerable  percentage  of  the  capacity  of  the  whole 
system  that  the  starting  should  make  as  little  line  dis- 
turbance as  possible.  There  is  considerable  friction  in  a 
journal  when  a  shaft  is  just  starting  up  and  before  the 
oil  film  has  formed  between  the  shaft  and  bearing  sur- 
face, and  in  order  to  eliminate  this  effect  when  starting, 
an  electrically-driven  plunger  pump  supplies  oil  through 
ports  in  the  bottom  of  the  bearings,  thus  actually  lifting 
the  shaft  from  direct  contact  with  the  bearing  and  allow- 
ing it  to  float  on  a  film  of  oil  under  pressure.  The  oil 
gauges  on  this  pump  show  that  a  pressure  of  about  600 
to  900  pounds  per  square  inch  is  necessary  to  lift  the 
rotor,  after  which  the  pressure  remains  constant,  the  oil 
flowing  away  over  the  surface  of  the  bearing.  After  the 
machine  is  well  under  way  and  the  oil  rings  in  the  bear- 
ings are  supplying  the  necessary  lubrication,  the  pump  is 
shut  down  and  the  valves  closed. 

To  determine  the  extent  to  which  the  startint:  effort 
is  improved  by  the  use  of  oil  pumped  into  the  bearings, 
a  test  was  made  recently  on  one  of  these  machines  at 
the  station.  A  lever  was  attached  to  the  shaft,  and  a  pull 
exerted  at  a  measured  distance  from  the  center  at  right 
angles  to  the  lever,  the  force  applied  being  measured  on 
a  dynamometer.  After  the  machine  had  been  at  rest  for 
twelve  hours,  and  the  bearings  were  consequently  dry, 
the  turning  moment  necessary  to  start  the  rotor  was  4650 
foot-pounds.  On  starting  up  the  oil  pumps  the  pressure 
held  steady  at  600  pounds  per  square  inch,  and  the  turn- 
ing moment  necessary  to  start  the  rotor  was  104  foot- 
pounds, or  only  about  two  percent  of  the  former  value. 
The  actual  initial  starting  torque  will  vary  with  the 
position  of  the  field  poles  relative  to  the  armature  coils, 
from  a  maximum  to  a  minimum,  depending  on  whether 
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the  field  poles  are  directly  between,  or  directly  central 
with  the  armature  poles.  If  the  motor  fields  be  short- 
circuited  at  starting,  an  induced  current  will  flow  through 
them  in  quadrature  with  the  impressed  voltage,  which 
will  have  a  powerful  demagnetizing  effect  on  the  stator 
and  result  in  a  decrease  of  torque.  If,  however,  the 
fields  are  left  open,  an  induced  voltage  may  be  set  up 
high  enough  to  cause  a  breakdown  of  the  field  winding. 

It  is  usual,  therefore,  to  short-circuit  the  field 
through  a  resistance  when  starting,  except  in  special 
cases  where  high  torque  is  necessary.  After  the  motor 
has  started,  its  speed  will  rise  until  it  reaches  synchro- 
nous speed,  and  locks  in  step,  the  pole  pieces  on  the  rotor 
assuming  a  definite  polarity  induced  by  the  polarity  of 
the  stator  winding.  This  may  or  may  not  be  the  polarity 
for  which  the  fields  are  connected  to  the  exciter.  If  it  is 
opposite  polarity,  then  on  applying  a  field  current  the 
poles  will  be  demagnetized,  and  a  heavy  current  will  flow 
into  the  armature  stator  owing  to  the  rotor  having  to 
slip  one  pole  to  come  into  synchronism.  This  is  the 
cause  of  the  heavy  kick  frequently  noticed  on  closing  the 
field  switch  of  a  synchronous  motor.  This  condition 
may  be  obviated  by  closing  the  field  circuit  with  a  very 
weak  field  current,  which  insures  that  the  polarity  will 
be  correct.*  Then  as  the  field  current  is  increased  the 
machine  remains  in  step,  and  the  field  may  be  adjusted  to 
the  most  desirable  point  for  switching  full  voltage  onto 
the  stator. 

In  starting  the  machines,  a  voltage  of  11 50  volts  is 
first  applied,  and  under  normal  conditions  this  brings  it 
up  to  synchronous  speed  in  80  seconds.  During  this 
process  the  field  switch  is  open,  and  a  field  discharge  re- 
sistance is  inserted  in  the  machine  field  by  means  of  aux- 
iliary contacts  on  the  field  switches,  thereby  obviating 
any  high  induced  voltage  in  the  field  winding.  The  volt- 
age is  next  raised  to  3300  volts,  and  after  the  machine 
steadies  down  a  weak  field  current  is  applied.  The  ma- 
chine is  then  in  synchronism,  and  as  the  field  strength  is 
increased  the  current  taken  decreases  its  lag  and  later 
becomes  a  leading  current.  At  a  certain  point  of  field 
strength  which  has  been  found  by  experiment  to  give  the 
best  results  as  regards  minimum  disturbance  of  the  line, 
the  voltage  is  changed  from  3300  volts  to  6600  volts, 
when  the  machine  is  fully  on  the  line.  The  process  of 
starting  up  is  indicated  in  Fig.  10,  which  shows  an  actual 
case.  In  this  instance  the  machine  was  on  the  line  a 
little  over  three  minutes  from  the  time  of  closing  the  first 
switch. 

The  control  system  is  quite  interesting,  since  all  start- 
ing and  manipulation  of  the  machine  is  done  by  remote 
electrical  control  from  the  switchboard  gallery,  which  is 
in  the  main  building  of  the  terminal  station  and  there- 
fore out  of  sight  of  the  condensers. 

The  oil  switches  controlling  the  transformers  are 
operated  in  the  usual  way.    There  are  three  three-pole 

♦The  theory  of  self-starting  synchronous   motors   is   fully 
dealt  with  by  Mr.  C.  J.  Fechheimer,  Vol.  XXXI,  Part  i,  A.I  E  E 
and  by  Mr.  F.  D.  Newbury,  Vol.  XXXII,  Part  2,  A.LE.E. 


oil  switches  connected  to  the  11 50,  3300  and  6600  volt 
taps,  respectively,  of  each  transformer.  It  is  essential 
that  these  should  be  so  arranged  that  it  is  impossible  to 
close  one  oil  switch  before  the  preceding  one  has  opened, 
otherwise  part  of  the  transformer  winding  would  be 
short-circuited.  Two  double-throw  controllers  are  used 
with  the  three  oil  switches.  The  first  position  of  No.  i 
controller  closes  the  11 50  volt  switches.  The  second 
position  of  No.  i  controller  operates  the  trip  coil  of  the 
1 150  volt  switch  and  at  the  same  time  energizes  the  clos- 
ing coil  of  the  3300  volt  switch.  The  closing  current  for 
this  switch  has  to  pass  through  a  small  pilot  switch  on 
the  1 1 50  switch,  which  is  only  closed  when  that  switch 
opens,  and  thus  the  closing  of  the  3300  volt  switch  does 
not  commence  until  the  11 50  volt  switch  is  open. 

The  first  position  of  No.  2  controller  opens  the  3300 
volt  switch  and  closes  the  6600  volt  switch  through  a 
similar  interlock  which  prevents  the  switch  closing  until 
the  3300  volt  switch  is  open.  The  second  position  of 
No.  2  controller  simply  trips  the  6600  volt  switch.  Bulls- 
eye  lamps  on  the  control  panel,  adjacent  to  the  control 
switches,  indicate  which  switch  is  closed  at  any  time. 


FIG.   g — ROTOR  OF   SYNCHRONOUS   C0NDI,\bLR   SIIHWN'    IX    W--    I- 

Diameter  =  6  feet ;  weight  =  33  500  pounds. 
The  main  field  rheostats  and  field  switches  are  also  oper- 
ated electrically  from  the  control  board. 

A  wattless  k.v.a.  meter  is  used  in  connection  with 
these  condensers.  It  is  a  center  zero  polyphase  watt- 
meter, in  which  the  voltage  windings  are  interchanged.! 
The  effect  of  this  connection  is  obviously  to  put  the  volt- 
age in  quadrature  with  the  current,  and  so  the  meter  will 
register  wattless  k.v.a.— in  one  direction  if  the  current 
is  lagging  and  in  the  other  direction  if  the  current  is 
leading.  Such  a  meter  affords  an  immediate  indication 
of  the  amount  of  reactive  k.v.a.  the  machine  is  imposing 
on  the  system  and  whether  this  is  lagging  or  leading. 

The  method  of  line  control  by  varying  the  field  of 
condensers  and  thus  changing  the  power-factor  must  not 
be  confused  with  the  maintenance  of  high  power-factor. 
When  the  load  is  light  a  condition  arises  where  it  is  nec- 
essary actually  to  impose  a  lagging  current  on  the  sys- 
tem and  so  increase  the  voltage  drop  in  the  line.  As- 
sume that  it  is  desired  to  maintain  a  constant  voltage  at 


tSee  article  on  "Metering  Idle  Volt-Amperes,"  by  Mr.  H.  B. 
Taylor,  in  the  Journal  for  Feb.,  '14,  p.  97. 
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the  terminal  station  with  a  constant  voltage  at  the  power 
house.  There  will  be  a  certain  load  condition  that  will 
give  the  required  drop  without  any  aid  from  the  con- 
densers. If  the  load  falls  below  this  point,  voltage  at  the 
receiving  end  will  tend  to  rise,  but  can  be  kept  at  the 
required  point  by  introducing  the  necessar}'  amount  of 
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FIG.    10 — STARTING  TEST  ON   6000   K.V.A.   SYNCHRONOUS    MOTOR 

lagging  current,  as  by  weakening  the  field  of  a  synchro- 
nous condenser.  If  the  load  increases  beyond  this  point 
the  voltage  at  the  receiving  end  will  tend  to  drop,  but  can 
be  maintained  by  introducing  the  proper  amount  of  lead- 
ing current,  that  is,  by  strengthening  the  field  of  the 
condenser. 

This  at  once  suggests  the  use  of  a  voltage  regulator 
operating  upon  the  exciter,  and  such  a  system  is  in  use 
at  Winnipeg. 

The  old  type  of  Tirrill  regulator  is  capable  of  taking 

care  of  a  field  va- 


riation of  only  2  to 
I,  usually  140  to  70 
volts  and,  while  this 
is  entirely  satisfac- 
tory for  generator 
regulation,  it  does 
not  meet  synchro- 
nous c  0  n  d  e  nser 
con  ditions  where 
there  is  a  very  wide 
variation  of  field 
strength.  In  t  h  e 
case  of  the  ma- 
chines under  con- 
sideration, the  field 
at  6000  k.v.a.  lag- 
ging is  12  amperes, 
and  at  6000  k.v.a. 
leading  is  280  am- 
peres, requiring  a 
similar    ratio    of 
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A  newer  voltage  regulator  is  used  which  is  not  limited 
to  the  2  to  I  voltage  range,  but  is  able  to  operate  over  a 
very  wide  range,  and  is  therefore  particularly  applicable 
for  use  with  synchronous  condensers.  This  regulator 
uses  the  same  basic  principle  of  short-circuiting  the  ex- 
citer rheostat  rapidly  for  short  intervals  of  time,  thereby 
holding  the  exciter  voltage  at  some  point  intermediate 
between  the  "all  in"  and  the  "all  out"  rheostat  position, 
but  the  method  by  which  this  result  is  obtained  is  essen- 
tially difTerent  from  the  older  regulator.  One  important 
difference  is  that  the  control  magnet,  as  well  as  the 
vibrating  magnet,  are  both  operated  by  alternating  cur- 
rent derived  from  potential  transformers,  and  thus  the 
operation  is  unaffected  by  low  values  of  the  exciter  volt- 
age. There  is  in  series  with  the  potential  winding  of  the 
main  control  magnets  a  rheostat  whereby  the  potential 
across  the  winding  can  be  varied  by  a  small  percentage. 
This  admits  of  setting  the  regulator  to  hold  voltage  at  a 
slightly  higher  or  lower  point,  according  to  load  condi- 


FIG.    11 — LINE   CHAR.\CTERISTICS    WITH 
AND  WITHOUT  ONE  CONDENSER 

Equivalent    resistance    per    line    with 

one  bank  of  transformers  at  each 

end  =  28.93  ohms ;  receiver 

volts  :=  57  300. 

voltage  variation  so  as  to  operate  without  moving  the 
main  rheostat.  The  way  in  which  the  excitation  varies 
with  the  load  is  well  illustrated  by  the  saturation  or  V 
curve  for  the  machine.  Fig.  7. 
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FIG.  12 — VOLTAGE  REGULATION 
Upper  curves,  one  line  and  two  banks  of  transformers  at  each 

end,  receiver  voltage  constant  at  56300  volts. 
Lower  curves,  one  line  and  one  bank  of  transformers  at  eacn 

end,  receiver  voltage  constant  at  57  300  volts. 

tion,  and  this  operation  is  readily  done  by  a  rheostat 
handwheel  on  the  face  of  the  bench  board. 

An  equalizing  rheostat  is  used  in  series  with  the  main 
exciter  rheostat,  and  the  regulator  short-circuits  the  main 
rheostat  only.  The  position  of  the  equalizing  rheostat 
sets  the  upper  limit  to  which  the  voltage  on  the  exciter 
can  rise  when  the  regulator  contacts  are  closed,  and  the 
correct  action  of  the  regulator  depends  to  a  great  extent 
on  the  proper  setting  of  both  main  and  equalizing  rheo- 
stats. Both  these  rheostats,  as  well  as  voltage  adjusting 
rheostat,  are  situated  close  to  the  bench  board  and  are 
operated  by  handwheels  on  the  face  of  the  bench  board. 

In  actual  operation  the  regulator  takes  care  of  voltage 
changes  in  a  very  satisfactory  manner.  An  entirely  auto- 
matic system  of  voltage  regulation  is  thus  obtained  and. 
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since  the  regulation  is  effected  through  the  raising  of  the 
power-factor  as  heavy  loads  come  on,  the  old  limits  to 
the  line  capacity  are  removed  and  it  is  possible  to  in- 
crease greatly  the  load  which  can  be  carried  on  each 
transmission  line. 

OPERATION 

The  present  method  of  operation  is  to  run  one  ma- 
chine constantly,  the  other  machine  being  run  during  the 
peak-load  period  only.  The  power  house  voltage  is 
maintained  practically  constant  during  the  day,  and  the 
operator  at  the  terminal  station  regulates  the  voltage  to 
suit  the  load  conditions,  entirely  independent  of  the 
power  house.  In  starting  up  the  only  attention  neces- 
sary is  to  start  the  oil  pressure  pump  for  the  bearings, 
after  which  the  whole  control  is  in  the  hands  of  the 
operator  on  the  main  control  board. 

Durmg  the  time  of  peak  load,  in  the  evening,  the  volt- 
age at  the  terminal  station  is  raised  by  means  of  the  volt- 
age-regulating rheostat  on  the  regulator  from  12  000  to 
about  12  500,  and  this  is  gradually  reduced  as  load  con- 
ditions necessitate.  The  regulator  is  always  in  use  ex- 
cept during  lightning  storms,  when  it  is  usually  discon- 
nected and  the  regulating  done  by  hand.    The  nature  of 
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FIG.   13 — LOAD  CURVE  AT  TERMINAL  STATION 
Previous  to  condenser  installation. 

the  load  is  such  that  hand  regulation  is  fairly  satisfac- 
tory. This  would  seem  to  be  good  operating  practice 
from  the  fact  that  in  the  event  of  a  flashover  on  the  line, 
due  to  lightning,  the  regulator  attempts  to  hold  up  the 
voltage.  It  is  probable  that  this  will  tend  to  prolong  the 
arc  unduly,  and  that  it  is  better  practice  to  allow  the 
voltage  to  take  a  dip,  which  will  generally  result  in  the 
arc  clearing  itself.  When  starting  up  the  second  machine 
it  is  very  desirable  to  have  the  other  machine  on  the 
regulator,  as  this  reduces  the  line  disturbance  to  a 
minimum. 

The  addition  of  the  condensers  to  the  terminal  station 
equipment  has  not  necessitated  any  increase  in  the  oper- 
ating force  required  to  operate  the  station. 

RESULTS  OBTAINED  IN  PRACTICE 

The  results  actually  obtained  under  operating  con- 
ditions are  in  every  way  satisfactory.  Chief  among 
these  is  the  greatly  increased  line  capacity.  But  even 
neglecting  this,  the  improvement  and  convenience  of  this 
method  of  regulation  is  of  great  value  to  the  operating 


department,  as  there  is  no  necessity  for  frequent  tele- 
phonic communication  between  the  operators  at  each  end 
of  the  line  to  adjust  the  voltage.  Further,  the  regula- 
tion throughout  the  whole  system  is  greatly  improved, 
and  the  flywheel  effect  of  the  motors  has  a  beneficial 
eft'ect.    Also,  owing  to  the  improved  regulation,  the  light- 
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FIG.    14 — TYPICAI,    LOAD    CURVES 

With  one  condenser  running  and  one  line  in  circuit. 

ning-arrester  gaps  may  be  more  closely  set,  thus  afford- 
ing better  protection.  The  beneficial  results  obtained  in 
operation  are  perhaps  best  shown  by  the  curves  in  Figs. 
10  to  15,  which  have  been  prepared  from  results  obtained 
in  actual  operation. 

The  condenser  equipment  was  put  into  operation  in 
October,  1914,  and  its  performance  fully  justiires  the 
decision  of  Professor  Herdt  and  the  engineers  associated 
with  him  as  to  this  method  of  overcoming  lack  of  line 
capacity. 

While  this  article  deals  mainly  with  this  individual 
case,  the  general  system  described  is  evidently  one  with 
a  wide  range  of  usefulness  under  different  conditions. 


FIG.    IS— TYPICAL  LOAD   CURVES 

With  two  lines  in  circuit  and  one  condenser. 

and  no  doubt  the  principle  will  become  more  generally 
recognized  as  a  factor  in  overcoming  the  difficulties 
inherent  in  the  design  of  long-distance  transmission  line, 
as  well  as  in  setting  a  new  and  higher  limit  upon  the 
capacity  of  existing  lines. 
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Bernard  Lester 


FOR  many  years  farming,  mining  and  manufactur- 
ing have  been  the  principal  industries  of  this 
country.  In  the  carrying  on  of  each  one  of  these 
industries  power  is  demanded  in  enormous  quantities 
and  is  an  appreciable  item  of  cost  of  production.  There 
has  been  an  almost  ceaseless  effort  toward  increasing  the 
efficiency  of  performing  specific  operations  in  these  large 
industries,  and  much  money  has  been  spent  in  determin- 
ing how  to  farm,  mine  and  manufacture  more  cheaply 
by  employing  methods  and  machinery  that  will  more 
completely  displace  hand  labor,  which  is  becoming  con- 
tinually more  costly. 

In  the  mining  and  manufacturing  industries,  how- 
ever, large  values  of  product  are  handled  in  restricted 
areas  and  much  power  is  utilized  over  a  very  small  space 
where  a  large  number  of  men  are  usually  employed. 
Thus  in  these  industries  the  engineer  could  easily  visual- 
ize and  calculate  the  benefits  of  labor-saving  devices  and 
the  substitution  of  electric  power  for  other  forms  of 
power.  Farming,  on  the  other  hand,  exists  in  compara- 
tively small  units  distributed  over  a  very  large  share  of 
the  country  and,  although  the  cost  of  power  is  a  consid- 
erable item  in  the  cost  of  the  product,  it  is  utilized  in 
comparatively  small  units  at  different  times  and  differ- 
ent places.  Consequently,  this  industry  has  in  the  past 
not  appealed  to  the  engineer  as  readily  as  the  other  in- 
dustries named,  and  the  large  number  of  small  producers 
have  not  received  the  same  benefits  in  the  use  of  labor- 
saving  devices  and  the  substitution  of  electric  power  as 
have  the  large  industries  of  mining  and  manufacturing. 

A  similar  condition  has  existed  in  the  fourth  large  in- 
dustry, if  it  may  be  classified  as  such.  If  the  home  be 
considered  as  an  institution  for  the  production  of  "house- 
hold service"  this  industry  in  itself  becomes  one  of  the 
largest  of  industries,  if  not  the  largest  industry  in  the 
country.  It  is  the  oldest  and  most  general  industry  of 
all.  Since  mechanical  power  can  usually  be  substituted 
for  hand  power  wherever  a  simple  duty  is  repeatedly 
performed,  and  since  this  condition  exists  in  the  indus- 
try of  household  service,  there  is  an  enormous  demand 
for  power  in  this  field.  Furthermore,  since  such  power 
must  be  available  at  any  of  several  points  in  the  home 
and  must  be  developed  economically  and  quietly,  the 
small  electric  motor  satisfies  the  demand  in  a  wonderful 
way. 

Domestic  engineering  is  therefore  a  very  large  and 
important  branch  of  engineering,  and  it  involves  the 
solution  of  difficult  and  important  problems.  Many  hand 
or  foot  operated  devices  have  been  invented,  such  as  the 
washing  machine  and  sewing  machine,  to  save  labor,  and 


within  the  last  few  years  the  successful  development  of 
commercial  small  motors  has  created  a  situation  where 
hand  and  foot  labor  can  be  eliminated  very  largely.  In 
the  process  of  household  service  there  are  performed  re- 
peatedly such  operations  as  sweeping  and  cleaning,  the 
washing  of  dishes,  the  washing  and  ironing  of  cloth- 
ing, the  cleaning  of  silverware  and  brass  work,  the  sew- 
ing of  clothes,  etc.  These  duties  when  performed  by 
electrically-driven  devices  greatly  increase  the  efficiency 
in  this  particular  industry. 

The  increase  in  the  cost  of  domestic  labor  is  a  well- 
known  fact.  During  the  last  ten  years  this  cost  has  prob- 
ably doubled.  In  the  domestic  field  there  is  an  increasing 
tendency  toward  shorter  hours,  and  even  a  specialization 
of  skilled  help  as  opposed  to  help  for  general  housework. 
Such  conditions,  therefore,  have  brought  about,  on  the 
part  of  the  management  of  the  millions  of  homes  in  this 
country,  a  search  for  some  alternate  which  will  decrease 
rather  than  increase  the  operating  expense.  Home  man- 
agers are  now  thinking  how  they  can  get  along  with  less 
hired  labor,  or  possibly  dispose  of  it  altogether.  The 
use  of  motor-driven  devices  is  one  large  factor  in  a  log- 
ical solution  of  the  problems  encountered  in  the  render- 
ing of  cheaper  and  better  service  in  the  home.  No  at- 
tempt is  made  here  to  consider  the  field  of  electric  heat- 
ing, which  presents  problems  different,  from  an  engi- 
neering point  of  view,  from  those  of  electric  drive,  but 
is  of  like  benefit  to  the  home  management.  Obviously, 
this  progress  in  the  elimination  of  labor  is  based  upon 
availability  of  electric  current  in  the  home,  which  is  an 
accomplished  fact  at  the  present  time  to  an  increasingly 
large  extent.  The  following  are  the  chief  problems  en- 
countered in  household  engineering : — 

I — A  suitable  supply  of  fresh  water,  both  hot  and  cold. 

2 — Heating  of  the  house  and  outbuildings. 

3 — Lighting  of  the  house  and  outbuildings. 

4 — Refrigerating  and  cooling,  principally  in  connection  with 
food  and  drink. 

S — The  disposal  of  waste  material. 

6 — Ventilation. 

7 — Miscellaneous  power  requirements  in  the  preparation  of 
food,  clothing,  producing  entertainment,  etc. 

With  the  idea  of  giving  a  definite  impression  as  to  the 
possibilities  in  the  use  of  electrically-operated  labor- 
saving  devices,  the  following  analysis  is  presented : — 

WATER    SUPPLY 

The  distribution  of  a  sufficient  water  supply  is  an  old 
problem  and  has  been  solved  quite  satisfactorily  in  dis- 
tricts which  are  thickly  settled.  It  is  said  that  an  old 
Indian  tribesman,  on  being  taken  to  a  modern  city  for 
the  first  time,  pronounced  the  modern  water  distribution 
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system  as  the  most  wonderful  thing  he  had  ever  ob- 
served. There  are  certain  specific  conditions,  however, 
making  electric  power  desirable  in  this  class  of  service 
for  the  apartment  or  home.    They  are  as  follows : — 

I — In  some  districts  where  homes  are  located  high  up,  or  in 
the  case  of  tall  apartments,  the  city  pressure  is  not  sufficient  to 
reach  all  or  any  part  of  the  building,  making  necessary  a  sep- 
arate storage  tank  and  a  motor-driven  pump. 

2 — In  certain  districts  of  the  country,  notably  parts  of  Ohio, 
Indiana,   Illinois,    Iowa,   Michigan,   and   a    few   other   centrally 
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The  use  of  electric  lighting  requires  no  comment  here, 
nor  the  increasing  demand  which  exists  in  rural  com- 
munities untouched  by  the  electric  circuit  for  gasoline 
or  oil  driven  electric  generating  units. 
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FIG.    I — ELECTRICALLY-DRIVEN  WATER  POMP  FOR   HOUSEHOLD  SERVICE 

Motor  is  started  and  stopped  automatically  by  a 
pressure  switch. 

located  states,  the  supply  of  water  is  often  so  hard  that  diffi- 
culty is  encountered  in  using  it  for  some  domestic  purposes. 
This  problem  is  being  largely  solved  by  means  of  a  separate 
supply  of  water  gathered  from  the  roof  of  houses  or  outbuild- 
ings and  pumped  into  storage  tanks  by  the  use  of  automatic 
motor-driven  pumps,  of  which  there  are  now  many  thousands 
installed  per  year. 

3 — Obviously,  in  rural  districts  independent  water  supplies 
must  be  maintained,  using  either  a  well  or  cistern.  Thousands 
of  automatic  motor-driven  pumps  are  installed  for  this  purpose 
and  are  remarkably  successful  in  their  operation.  The  use  of 
the  small  motor  has  made  possible  the  installation  of  these  units 
^in  many  rural  communities  where  electric  current  is  available. 
These  are  automatic  in  starting  and  stopping,  cleanly,  reliable 
and  quiet  in  operation.  Storage  tanks  are  usually  used  and  the 
motor  controlled  either  by  a  float  or  pressure  switch. 


FIG.   2 — ELECTRICALLV-OPERATED   REFRIGERATING   OUTFIT 
HEATING 

Although  central  heating  plants  have  been  used  to 
some  extent  in  thickly  populated  districts,  houses  are 
usually  heated  by  individual  heating  installations,  such  as 
hot  air,  steam,  hot  water  or  electricity.  Motor  equip- 
ments are  to  a  limited  extent  being  used  in  assisting  in 
the  distribution  of  hot  air,  both  for  starting  furnaces 
and  feeding  cold  air  to  it  through  the  intake  duct. 


FIG.  3 — A   MODERN   ELECTRICALLY-OPERATED   W.\SHING    MACHINE 

Note  the  absence  of  belts.     The  cylinder  reverses  periodically 
and  the  wringer  is  reversible. 

REFRIGERATION 

This  is  a  practically  undeveloped  field  from  the  point 
of  view  considered.  The  refrigerator  is  a  common  house- 
hold appliance.  It  requires  a  supply  of  ice  periodically 
replenished,  the  depositing  of  which  in  the  refrigerator 
causes  some  inconvenience,  effort,  dirt  and  worry  to  the 


FIG.   4 — ELECTRICALLY-DRIVEN    WASHING    MACHINE 

The  motor  drives  the  cylinder  and  the  wringer  by  means  of 
enclosed  gears. 

household  manager.  Recent  tests  which  have  been  made 
of  ordinary  household  refrigerators  supplied  with  ice 
show  the  temperature  to  be  between  50  and  60  degrees 
F.   during  warm   weather,   which   is   much   above  that 
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recommended  and  used  in  the  storage  of  foods.  Fur- 
thermore, with  a  varying  ice  supply  during  the  day  and 
night,  the  refrigerating  temperature  is  by  no  means  con- 
stant. The  disposal  of  liquid  waste  from  the  refriger- 
ator is  often  a  cause  for  trouble,  and  there  exists  the  pos- 


FIG.   5 — WASHING   MACHINE   MOTOR 

Modern  splash-proof  type  designed  for  driving  domestic  wasli- 

ing  machines.     The  connections  arc  made  on  the  interior 

of  the  motor,  the  exterinr  iHiiiy  tli.unusilily  insulated. 
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FIG.    6 — DISHWASHER 

The  body  of  the  machine  is  cut  away  to  show  the  dishes  being 

washed.    A  rotating  paddle  causes  the  hot  water  to 

circulate  and  clean  the  dishes. 
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I'ir..   8 — SUPPLYING   FRESH   AIR  TO  THE 

FURNACE  INTAKE  AND  CREATING 

A  FORCED  CIRCULATION 
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FIG.   7 — M0T0R-DRI\'EN   BLOWER 

For   use   where  piping  systems   are  employed. 

sibility  of  contamination  of  the  food  by  the  use  of  im- 
pure ice.  The  demand  which  exists  for  a  compact,  auto- 
matic, quiet,  reliable,  cheap  and  efficient  motor-driven 
refrigerator  is  enormous.    The  fact  that  this,  to  be  suc- 


cessful, must  be  motor  driven  and  operates  from  the 
lighting  circuit  at  a  time  when  lights  are  used  but  little, 
makes  this  method  a  very  attractive  one  from  the  cen- 
tral station  point  of  view.  The  load  factor  of  such  de- 
vices is  very  high.  There  are  several  small  household 
refrigerators  on  the  market  at  the  present  time,  and  con- 
siderable progress  is  being  made  now  in  the  improve- 
ment of  designs  and  operating  characteristics.  Several 
principles  of  refrigeration  are  employed,  and  usually 
these  small  refrigerators  are  capable  of  making  a  small 
amount  of  ice,  which  is  frozen  in  small  cubes,  suitable 
for  use  on  the  table.  The  demand  for  electric  power 
for  this  purpose  is  probably  larger  than  for  any  other 
small  motor-operated  device,  and  the  field  is  practically 
untouched  at  the 
present  time. 

WASTE  DISPOSAL 

The  problem  of 
waste    disposal 
comes     principally 
under  the  heads  of 
motor-driven 
sweeping  and  clean- 
ing   devices,    and 
s  u  m  p  pumps  for 
the    disposal    o  f 
waste  water  in  the 
cellar.  The  vacuum 
cleaner  eight  or  ten 
years  ago  became  a 
h  o  usehold   article. 
Many    improve- 
ments have  been 
made  in  it,  and  the 
demand  has  become 
established  for  two 
principal    types,    ■• 
the  portable  type,  for  use 
anywhere  throughout  the 
house  and  connected  to  the 
lighting  circuit,  and  the  per- 
manent or  stationary  type, 
usually  installed  in  the  base- 
ment and  becoming  part  of 
the  plumbing  fixtures.    The 
latter  is  largely  used  in  con- 
nection  with   new   homes 
that  are  built.    The  vacuum 
cleaner    has    undoubtedly 
been  of  tremendous  service 
in  the  decrease  of  labor  and  disease,  and  has  been  a  big 
factor  in  maintaining  health  and  comfort. 

In  many  cellars  there  are  sumps  in  which  collects 
water  which  has  leaked  through  the  floors  or  walls,  or 
has  accumulated  from  washing  clothes,  etc.  This  is 
often  below  the  sewer  level.  The  water  must  be  raised 
and  emptied  into  the  sewer  by  some  mechanical  means, 
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FIG.  9 — PORTABLE  BLOWER  USED  TO   FIRE 
UP  THE  FURNACE  QUICKLY 
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FIG.    10  —  DIAGRAM    SHOWING 

THE    USE    OF    A    PORTABLE 

MOTOR-DRITCN  BLOWER 

To  start  the  draft  through  a 
radiator,  or  draw  air  into  an 
outbuilding,  such  as  a  garage, 
where  the  hot  air  duct  leads 
to  it  from  the  house  furnace. 
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and  motor-driven  sump  pumps  are  employed  to  a  large 
extent  for  this  purpose. 

VENTILATION 

The  matter  of  ventilation  is  becoming  of  increasing 
importance  throughout  the  country,  and  is  often  the  sub- 
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congregate  during  the  daytime,  such  as  the  parlor, 
dining  room  and  kitchen,  aside  from  ventilation  incident 
to  hot  air  heating  systems.  In  many  such  systems 
vitiated  air  is  simply  reheated.  Natural  systems  of  ven- 
tilation by  opening  doors  and  windows  have  been  used 


FIG.    13 — MOTOR-DRIVEN   IRONING   M.\CHINK  OR   MAXGI.E 

For  ironing  sheets,  tablecloths  and  all  "fiat  work." 
almost  entirely.  There  is  undoubtedly  going  to  be  an  in- 
creasing demand  for  quiet  and  efficient  motor-driven 
blowers  and  fans  for  supplying  fresh  air  in  homes.  Fur- 
thermore, the  exhausting  of  smoke  fumes  and  odors 
from  the  kitchen  can  readily  be  accomplished  by  the  use 
of  motor-driven  blowers  or  exhaust  fans,  and  the  over- 
heated condition  of   the  kitchen   eliminated.     There  is 


FIG.    II — SEW    MOTOR  AS   .APPLIED  TO  ANY   LOCK-STITCH 
SEWING   MACHINE 

ject  of  state  or  municipal  legislation  in  connection  with 
public  buildings  where  many  people  are  gathered  to- 
gether, such  as  schools,  hospitals,  theaters,  etc.  Many 
forms  of  disease  are  becoming  more  and  more  recog- 
nized as  being  caused  or  assisted  by  an  insufificient  sup- 


FIG.    12 — SMALL    LIGHT   CHAIN-STITCH    SEWING    MACHINE 

Made  self-running  by  an  electric  motor  and  controller.     Tliis 

unit  may  be  taken  anywhere — mounted  on  the  table — used 

on   the   porch — wherever   electricity   is   available.     The 

motor  is  directly  connected  to  the  sewing  machine. 

ply  of  fresh  air.  Practically  nothing  has  been  done  in 
Ibis  large  industry  of  household  service  to  provide  for 
ventilating  homes,  particularly  rooms  where  individuals 


FIG.   14 — BUFFING  AND   GRINDING   MOTOR 

Equipped  with  a  buffing  and  a  grinding  wheel,  for  polishing 
silverware  or  sharpening  knives. 

already  an  increasing  demand  for  such  motor-driven 
appliances  for  kitchen  service,  for  it  is  particularly  objec- 
tionable to  have  cooking  odors  extend  to  other  rooms  in 
the  house. 

MISCELLANEOUS 

The  washing  of  clothes,  the  washing  of  dishes,  mi.x- 
ing  cakes,  beating  eggs,  grinding  coflfee,  ironing  clothes, 
buffing  silverware,  grinding  knives,  operating  the  sewing 
machine,  running  the  ice  cream  freezer,  etc., — these  are 


FIG.    15 — CHUCKS,  GRINDING   WHEEL,  BRUSH    WHEEL   AND 
BUFFING   WHEEL 

Used  with  standard  small  motors. 

all  tasks  which  must  be  done  frequently  in  many  homes. 
Motor-driven  appliances  are  available  to  perform  each 
class  of  service  named,  and  others  less  frequently  en- 
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countered.  Many  of  these  motor-driven  appliances  are 
so  well  built  that  their  life  extends  over  a  long  period, 
and  they  may  be  considered  as  serviceable  and  lasting  as 
the  sewing  machine,  furnace  or  water  heater,  if  they  are 
properly   cared    for.      Many    improvements   have   been 
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A  cut-out  switch  operating  against  the  pressure  of  the  ."^prinK 

automatically  connects  and  disconnects  the  motor  from 

the  electric  circuit,  thus  keeping  the  phonograph 

wound  up  without  the  use  of  a  crank. 

made  in  their  design  which  increase  their  usefulness,  im- 
prove their  reliability,  decrease  the  amount  of  care  re- 
quired in  operating  them  and  make  them  more  cleanly 
and  quiet  in  operation.  Clothes-washing  machines  are 
made  in  a  large  variety  of  types  and  sizes.  The  task 
principally  consists  of  forcing  through  the  clothes  hot 
soapsuds,  and  this  can  be  done  in  a  variety  of  ways. 
Many  special  features  and  safety  devices  are  used  now 
upon  the  best  electrically-driven  machines,  and  they  are 
substantially  built,  often  employing  metal  construction 
almost  entirely. 

Dishwashers  usually  depend  ujjon  the  principle  of 
throwing  hot  soap-laden  water  against  the  dishes,  which 
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are  supported  in  some  sort  of  a  rack.  Although  this  de- 
vice has  not  been  used  to  nearly  as  large  an  extent  as  the 
motor-driven  washing  machine,  it  appears  that  a  large 
future  exists  for  it. 


The  electrically-operated  ironing  machine  is  now  used 
quite  extensively.  The  principle  is  similar  to  that  of  the 
old  mangle,  but  much  better  results  are  obtained  today 
with  heated  rollers.  These  ironing  machines  usually  are 
equipped  with  an  individual  motor,  although  they  may 
be  set  up  close  to  the  washing  machine  and  operated 
from  the  motor  which  runs  the  washer. 

Buffing  silverware  and  grinding  knives  is  a  household 
duty  which  must  be  performed  from  time  to  time.  The 
average  person  usually  is  of  the  oiMnion  that  a  very 
small  amount  of  power  is  required  to  do  l)uffing  work. 
On  the  contrary,  this  is  one  of  the  severest  motor  appli- 
cations. High  speed  is  required  in  buffing,  and  the  buff- 
ing wheel  when  in  contact  with  the  metal  consumes  con- 
siderable power,  and  its  speed  must  be  maintained  during 
the  buffing  process.  A  one-sixth  horse-power  motor  is 
usually  satisfactory  for  such  service  in  the  home. 

Several  makes  of  sewing  machines  may  now  be  pur- 
chased electrically  driven.  However,  the  sewing  ma- 
chine motor,  which  may  he  applied  to  all  popular  makes 
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For  exliausting  the  smoke  and  odors  from  a  kitchen  range. 
of  the  modern  sewing  machine,  eliminates  a  large  amount 
of  foot  work  and  enables  the  operator  to  save  time  l)y 
producing  a  larger  amount  of  better  work  than  could 
formerly  be  turned  out  with  the  old  treadle-0[)erated 
sewing  machine. 

Electrically-operated  devices,  such  as  hair  dryers, 
vibrators,  disc  music  machines  and  pianos,  have  become 
quite  common.  These  have  been  introduced  only  during 
the  last  few  years,  and  there  are  comparatively  few 
I)co])le  who  realize  the  advantages  to  be  experienced  by 
them. 

The  small  motor  can  be  used  very  profitably  by  the 
man  or  boy  who  is  interested  in  the  making  of  small 
pieces  of  furniture  or  any  wood  or  simple  metal  work. 
The  workshop  of  the  home  can  be  wonderfully  im- 
proved and  simplified  by  the  use  of  an  electric  motor. 
Furthermore,  its  use  has  a  great  educational  value  in  con- 
nection with  the  younger  members  of  the  family. 


C.   A.   BODDIE 

Engineering  Dept. 
Westinghouse  Electric  &  Mfg.  Company 

SINCE  the  invention  of  the  incandescent  lamp  the  problem  of  voltage  regulation  has  been  one  of  first 
importance  ts  the  electrical  industry.  It  has  attracted  for  its  solution  the  concentrated  efforts  of  men 
of  the  highest  inventive  genius  and  engineering  skill.  The  excellent  regulating  systems  available  at  present 
have  been  evolved  gradually,  step  by  step,  through  the  tireless  efforts  of  such  men  as  Thury,  Carpentier, 
Edison,  Chapman  and  Tirrill.  Many  regulating  devices  have  been  proposed  and  tried  out,  but  have  been  elimi- 
nated as  unsatisfactory  in  competition  with  the  Tirrill  type  of  regulator,  the  fundamentals  of  which  date  back 
to  Edison.  It  is  the  purpose  of  this  article  to  give  an  outline  of  the  various  stages  in  the  development  of  auto- 
matic voltage  regulators,  pointing  out  their  limitations  and  the  difficulties  to  be  overcome,  together  with  an 
engineering  description  of  the  new  Westinghouse  improved  voltage  regulator  recently  developed  under  the 
direction  of  Mr.  A.  .-\.  Tirrill. 


ALTHOUGH  it  is  generally  recognized  that  Edi- 
son was  the  first  to  devise  an  efficient  and 
practical  direct-current  generator,  it  is  not  so 
generally  known  that  he  was  one  of  the  first  to  devise  a 
satisfactory  means  of  controlling  its  voltage.  The 
method  of  introducing  an  adjustable  resistance  in  the 
shunt  field  of  a  generator  is  now  the  universal  means  of 
control.  This  resistance  is  adjusted  by  hand  or  auto- 
matically by  means  of  a  voltage  regulator.  The  idea  of 
rapidly  opening  and  closing  a  pair  of  contacts  across  a 
rheostat  to  vary  its  effective  resistance  was  a  later  devel- 
opment, and  forms  the  basis  of  the  present  successful 
systems  of  automatic  voltage  regulation. 

An  early  form  of  automatic  regulator  shown  in  one 
of  Edison's  patents  consisted  of  an  electro-magnet  con- 
nected across  the  mains  of  the  generator  to  lie  regu- 
lated, the  armature  of  which  opened  a  pair  of  contacts 
against  the  tension  of  a  spring.  These  contacts  oper- 
ated in  a  circuit  to  control  a  relay  carrying  larger  con- 
tacts, which  short-circuited  the  generator  field  rheostat. 
The  contacts  of  the  control  magnet  remained  closed  until 
the  generator  voltage  built  up  sufficiently  to  overcome 
the  tension  of  the  control  spring,  and  open  the  control 
or  main  contacts,  at  which  instant  the  relay  contacts 
opened,  thereby  introducing  a  block  of  resistance  into 
the  shunt  circuit  and  causing  a  reduction  in  generator 
voltage.  A  slight  decrease  in  voltage  caused  the  main 
contacts  to  close,  thereby  closing  the  relay  contacts  and, 
hence,  again  short-circuiting  the  field  rheostat,  making 
the  generator  voltage  build  up.  In  this  way  the  relay 
contacts  across  the  generator  field  rheostat  were  rapidly 
opened  and  closed,  so  that  the  average  or  effective  resist- 
ance was  just  sufficient  to  maintain  a  constant  line  volt- 
age. The  line  voltage  would  continually  build  up  and 
down  through  a  range  of  a  fraction  of  a  volt,  but  so 
rapidly  that  the  average  voltage  was  substantially  uni- 
form. The  voltage  was  compelled  to  remain  constant, 
since  the  slightest  decrease  would  weaken  the  control 
magnet,  thereby  permitting  the  control  spring  to  close 
its  contacts  instantly,  which  would  remain  closed  until 
the  line  voltage  was  built  up  to  the  original  value.  The 
frequency  of  vibration  was  dependent  on  the  sensitive- 
ness of  the  main  control  magnet — that  is,  the  change  of 


voltage  required  to  open  or  close  its  contacts ;  the  quick- 
ness with  which  the  rheostat  shunting  relays  could  re- 
spond to  the  impulses  of  the  control  magnet;  and  the 
rate  at  which  the  generator  voltage  could  build  up  and 
down.  The  average  time  of  closure  of  the  contacts  was 
dependent  on  the  shape  of  the  saturation  curve  and  re- 
sistances of  the  generator  field  and  field  rheostat. 

The  superiority  of  this  system  over  all  others,  espe- 
cially those  in  which  a  control  magnet  actuated  a  mech- 
anism for  moving  a  rheostat  arm,  is  due  to  its  ability 
to  compel  large  and  rapid  changes  of  excitation  without 
hunting.  Regulators  of  the  latter  class  overshoot  un- 
less strongly  damped  and  are,  therefore,  sluggish  in 
their  responses  to  changes  in  load.  The  Edison  regu- 
lator was  built  on  the  lines  of  telegraph  instruments. 

The  idea  of  automatically  regulating  the  voltage  of  a 
dire(;t-current  generator  by  rapidly  opening  and  closing 
a  pair. of  contacts  across  its  field  rheostat  was  also 
employed  by  Mr.  Tirrill.  Instead  of  using  tele- 
graphic equipment,  Tirrill  devised  a  solenoid  provided 
with  a  stop  core  which,  when  properly  proportioned,  was 
extremely  sensitive  to  voltage  changes.  This  magnet, 
called  the  main  control  magnet,  was  connected  across  the 
generator  terminals.  Its  core  hung  vertically  from  a 
horizontal  lever  carrying  a  contact  at  one  end,  which  en- 
gaged with  a  resiliently  mounted  stationary  contact. 
The  lever  was  fulcrumed  in  pivot  bearings  at  a  point 
near  the  magnet  so  that  movements  of  the  core  were 
magnified  at  the  contact.  A  spring  acted  to  close  the  con- 
tacts, while  the  magnet  pulled  against  this  spring  to  open 
the  contacts.  These  main  contacts  worked  in  the  circuit 
of  a  powerful  and  qaick-acting  relay  whose  more  ample 
contacts  opened  and  closed  across  the  shunt  field  rheo- 
stat. A  condenser  was  connected  across  the,  relay  con- 
tacts to  absorb  the  discharge  from  the  shunt  field.  The 
general  principle  was  the  same  as  Edison's  early  regu- 
lator, but  so  much  attention  was  devoted  to  the  details  of 
design  that  the  difficulties  were  overcome  and  a  commer- 
cially practical  regulator  was  produced. 

Early  alternating-current  generators  were  provided 
with  a  rectifying  commutator  fed  by  a  series  trans- 
former on  the  spokes  of  the  revolving  armature.  This 
rectified   current   was   sent  through   a   winding  on  the 
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alternator  field  poles,  and  thus  gave  a  compoundmg 
effect  similar  to  that  of  direct-current  machines.  W  hile 
these  machines  were  suitable  for  lighting  service,  the 
rapid  increase  in  induction  motor  loads  with  their  low 
power-factors  made  it  impossible  to  secure  satisfac- 
tory compounding,  since  the  armature  reaction  of  an 
alternator  varies  rapidly  with  the  power- factor  and, 
therefore,  any  compounding  increasing  in  a  direct 
ratio  with  the  current  must  be  subject  to  considerable 

error.  .  ^       ,, 

Although  the  need  for  an  alternating-current  volt- 
age regulator  was  much  greater  than  that  for  a  direct- 
current  regulator,  automatic  regulation  of  alternating- 
current   generators    presented    such    a    difficult    prob- 
lem that  it  required  some  time  for  its  solution.     Ihe 
principal  difficulty  in  the  regulation  of  an  alternating- 
current    generator    is    the    inherent    tendency    toward 
hunting,  caused  by  the  inductance  of  the  alternating- 
current  generator  f^cld.     At  first  glance  it   might  be 
supposed  that  a  direct-current  regulator  could  be  ap- 
plied   directly    to    an   alternating-current    machine   by 
simply  connecting  the  control  magnet  across  the  alter- 
nating-current mains  and  using  the  relay  to  short-circuit 
the  exciter  field  rheostat.     This  is  unsatisfactory   for 
several  reasons.     For  instance,  assume  that  the  relay 
contacts  across  the  exciter  rheostat  are  closed  and  the 
system  is  in  the  act  of  building  up.    The  instant  the  line 
voltage  reaches  the  proper  value,  the  main  control  mag- 
net opens  its  contacts  against  the  tension  of  its  spring, 
thereby  opening  the  relay  contacts  and  causing  the  ex- 
citer to  instantly  begin  to  build  down.    The  alternatmg 
voltage,  however,  does  not  stop  building  up  at  this  in- 
stant, since,  the  exciter  voltage  is  considerably  in  excess 
of  the  voltage  necessary  to  force  the  correct  current 
through  the  generator  field  resistance.    That  the  exciter 
voltage  can  and  does  get  considerably  in  advance  of  the 
E^enerator  field  current  is  apparent  when  it  is  considered 
that,  in  the  act  of  building  up,  the  exciter  is  compelled  to 
supply  a  voltage  equal  to  the  drop  in  the  alternating- 
current  generator  field  resistance  plus  the  inductive  drop 
or  counter  e.m.f.  due  to  the  increase  of  flux  through  the 
field  winding.  This  inductive  drop  increases  directly  with 
the  rate  at  which  the  exciter  builds  up.     It  is  evident, 
therefore,  that  at  the  instant  the  line  voltage  has  reached 
normal  the  exciter  voltage  is  in  excess  of  the  value  nec- 
essary   to    maintain   the   required   line    voltage   by    an 
amount  equal  to  the  inductive  drop  in  the  generator 
held.     The  alternating  voltage,  therefore,  continues  to 
rise  above  normal  for  some  time,  notwithstanding  the 
fact  that  the  relay  contacts  across  the  exciter  rheostat 
;ire  open.    When  the  aUernating  voltage  drops  to  normal 
and  the  main  contacts  close,  the  exciter  voltage  is  far 
below  normal.    The  voltage  is,  therefore,  carried  con- 
tinually  above  and   below   its   proper   value ;   in   other 
words,  the  system  is  inoperative,  due  to  hunting.     An 
attempt  was  made  to  work  the  retay  contacts  directly  in 
the  alternating-current  generator  field.     This  system  is 
operative — that  is,  it  does  not  hunt  but,  except  for  very 


small  machines,  the  currents  are  too  large  to  be  handled 
satisfactorily  on  the  relay  contacts.  The  system  is  sub- 
ject to  flicker  to  an  extent  even  greater  than  that  of  the 
direct-current  regulator. 

It  is  seen  from  the  foregoing  that  there  is  an  insur- 
mountable obstacle  in  the  way  of  using  a  single  magnet 
energized  from  the  alternating  voltage,  whose  contacts 
directly  control  the  exciter,  namely,  instability  or  hunt- 
ing.    The  fluctuations  of  the  exciter  voUage  must  pass 
through  the  generator  inductance  before  they  reach  the 
regulating  magnet,  which  is  therefore  but  loosely  coupled 
to  the  exciter  which  it  is  controlling.     Some  additional 
link  or  coupling  is  necessary  to  bridge  the  generator  field 
inductance.    This  was  accomplished  by  carrying  the  sta- 
tionary contact  of  the  single  control  magnet  on  the  lever 
arm  of  a  second  magnet  energized  from  the  exciter.    The 
second  or  anti-hunting  magnet  is  really  a  complete  direct- 
current  regulator,  whose  voltage  is  adjusted  by  the  mag- 
net energized  from  the  alternating  voltage.    This  combi- 
nation of  two  co-operating  magnets,  one  responsive  to 
the  alternating  voltage  to  be  regulated  and  the  other  to 
the  exciter,  was  conceived  and  developed  by  Mr.  Tirrill. 
The  Tirrill  alternating-current  regulator  is  really  an 
alternating-current  magnet  which  adjusts  the  voltage  for 
which  the  direct-current  magnet  regulates.     The  alter- 
nating-current control  magnet  is  provided  with  a  dash- 
pot  to  damp  out  the  alternating-current  vibration  trans- 
mitted from  the  core  to  the  contact,  and  to  prevent  its 
forcing  the  exciter  voltage  too  far  ahead  of  the  gener- 
ator field  current,  thus  creating  a  large  inductive  droj)  in 
the   field   which   tends   to   produce  hunting.      In   other 
words,  the  main  control  magnet  must  be  damped  so  as 
to   prevent   its   too   rapid   response   to   changes   in   line 
voltage. 

Regulators  built  on  this  principle  are  quite  satisfac- 
tory for  the  control  of  alternating-current  machines 
where  the  range  of  excitation  is  not  greater  than  one  to 
two,  that  is,  70  to  140  volts  on  125  volt  exciters.  The 
legulator  is,  however,  not  suitable  for  service  requiring 
extreme  ranges  such  as  one  to  ten,  or  anything  even  ap- 
proximating such  a  range,  because  the  sensitiveness  of 
the  direct-current  magnet  cannot  be  maintained  over  a 
much  greater  range  than  one  to  two. 

The  increasing  tendency  toward  lower  inherent  regu- 
lation in  alternating-current  generators,  together  with 
the  rapid  growth  of  high  tension  transmission  systems, 
with  their  large  charging  currents,  and  the  application 
of  synchronous  condensers  to  voltage  regulation  at  the 
terminals  of  such  high  tension  systems,  has  necessitated 
ever-increasing  ranges  of  excitation  to  be  covered  by 
automatic  voltage  regulators.  Synchronous  condensers 
impose  extreme  conditions  on  voltage  regulators  in  that 
their  excitation  must  be  varied  from  practically  zero  to 
maximum. 

The  serious  limitations  inherent  in  the  direct-current 
control  magnet  made  it  necessary  to  eliminate  this  ele- 
ment in  any  regulator  which  could  directly  control  an 
exciter  over  a  broad  range  of  excitation.    A  new  type  of 
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regulator  has  been  developed  by  Mr.  Tirrill  to  meet  these 
ever-increasing  requirements.  It  is  now  possible  to  reg- 
ulate systems  requiring  any  range  of  excitation  and  to 
handle  an  almost  unlimited  station  capacity  on  a  single 
control  element.  In  fact,  the  limitations  in  range  and  ca- 
pacity which  hindered  the  general  application  of  the 
alternating-current  regulator  have  now  been  swept  aside 
and  a  regulator  is  available  whose  flexibility  adapts  it  to 
the  most  extreme  service  requirements. 

In  the  new  type  of  regulator  the  direct-current  mag- 
net is  replaced  by  an  alternating-current  vibrating  mag- 
net which  is  connected  directly  to  the  circuit  to  be  regu- 
luted.  The  main  control  magnet  and  rheostat  shunting 
relays  are  retained  in  substantially  their  former  capacity. 
Thus  the  control  element  is  entirely  responsive  to 
changes  in  alternating  voltage.  The  exciter  voltage  has 
no  direct  influence  on  the  control  element,  and  the  posi- 
tion of  the  levers  is  largely  independent  of  the  actual  ex- 
citer voltage.  By  the  use  of  the  new  control  element  the 
exciter  voltage  may  be  varied  from  residual  voltage  to 
the  maximum  voltage  which  the  exciter  can  develop. 

A  clear  conception  of  the  action  of  a  device  or  system 
consisting  of  a  number  of  elements  which  react  on  each 
other  in  a  closed  cycle  can  be  obtained  by  analyzing  the 
functions  of  the  individual  parts  independently.  In  the 
new  type  regulator  the  element  of  principal  interest 
is  the  vibrating  magnet,  as  this  element  distinguishes 
the  new  regulator  having  alternating-current  control 
throughout  from  the  old  regulator  combining  alternating 
and  direct-current  control,  and  it  is  around  this  element 
that  the  new  regulator  has  been  built.  To  understand 
the  new  regulator  the  mechanics  of  the  vibrating  magnet 
must  be  understood.  This  magnet  in  its  actual  form  is  a 
modification  of  an  elementary  electric  vibrator. 

A  schematic  diagram  of  an  elementary  electric  vi- 
brator is  shown  in  Fig.  i.  It  consists  of  a  magnet  core 
suspended  by  a  spring  2.  The  solenoid  j,  energized  from 
any  constant  potential  source,  assists  the  spring  in  sup- 
porting the  weight  of  the  magnet  core.  The  magnet  cir- 
cuit passes  through  the  contacts  6,  one  of  which  is  car- 
ried on  a  light  flat  spring  5  attached  to  the  core  stem, 
while  the  other  is  mounted  on  the  end  of  an  adjustable 
screw  7.  The  weight  of  the  core  is  much  greater  than 
the  tension  of  the  supporting  spring  2,  and  therefore  the 
contacts  are  normally  closed.  When  the  circuit  is  com- 
pleted by  the  closing  of  the  contacts  the  magnet  is  ener- 
gized, the  resulting  upward  pull  plus  the  spring  tension 
being  greater  than  the  core  weight.  The  contacts  are 
opened  by  a  slight  upward  movement  of  the  core,  which 
de-energizes  the  magnet  and  allows  the  weight  to  close 
the  contacts  again.  The  cycle  is  thus  continually  re- 
peated, resulting  in  a  state  of  continuous  vibration. 

A  fundamental  condition  for  continuous  vibration  is 
that  the  average  upward  pull  of  the  magnet  plus  the 
spring  tension  must  exactly  balance  the  core  weight. 
This  follows  from  the  fact  that  no  appreciable  mechan- 
ical force  is  transmitted  through  the  contacts,  which 
merely  play  on  each  other,  and  thus  keep  the  core  float- 


ing about  a  mean  position  determined  by  the  elevation  of 
the  stationary  contact.  The  core  obviously  cannot  be 
maintained  in  any  position  unless  all  forces  acting  on  it 
are  in  equilibrium.  If,  for  example,  the  magnet  pull 
plus  the  spring  tension  (corresponding  to  the  position  of 
the  core  when  the  contacts  just  play  on  each  other)  is 
less  than  the  weight,  the  core  will  drop  down  and  the 
contacts  will  remain  permanently  closed,  thus  making 
vibration  impossible. 

Since  the  resultant  upward  force  is  too  great  when 
the  contacts  are  closed  and  too  small  when  they  are 
open,  the  floating  position  can  be  maintained  only  when 
the  contacts  remain  in  engagement  for  a  period  of  time 
just  sufficient  to  develop  an  average  upward  pull  which, 
added  to  the  tension  of  the  spring,  exactly  equals  the 
core  weight.  If  the  contacts  remain  engaged  a  longer 
time  the  core  will  be  definitely  raised  and  the  contacts 
opened,  which  de-energizes  the  magnet  until  the  con- 
tacts are  again  closed  and  the  original  time  of  contact 
engagement  maintained.  Thus  for  a  given  spring  ten- 
sion, core  weight  and  magnet  pull  there  corresponds  an 
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absolutely  definite  time  of  contact  engagement,  i.  e.,  ratio 
of  time  the  contacts  are  closed  to  the  time  required  to 
open  and  close. 

Now,  assuming  a  state  of  continuous  vibration,  sup- 
pose the  contact  screw  7,  Fig.  i,  to  be  turned  so  as  to 
raise  the  contact.  If  vibration  continues  the  core  must 
move  up  to  this  new  position.  The  stretch  of  the  spring 
is  less  and  its  supporting  tension  is  therefore  reduced. 
The  time  of  contact  engagement  must  be  longer,  since 
the  spring  tension  and  average  pull  must  still  sustain  the 
core  weight.  A  further  movement  of  the  adjusting  screw 
will  compel  the  contacts  to  remain  closed  a  still  larger 
percentage  of  the  time.  Hence  for  every  position  of  the 
contact  screw  within  the  vibrating  range,  there  corre- 
sponds a  rate  of  vibration  and  time  of  contact  engage- 
ment. This  principle  is  fundamental  and  is  the  one  upon 
which  the  regulator  is  constructed.  The  exact  relation  of 
the  forces  and  time  of  contact  engagement  in  the  simple 
vibrator  may  be  expressed  in  a  few  simple  equations. 
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The  fundamental  condition  of  vibration  is  base  line  AB  represent  travel  of  the  magnet  core.     A 

(,)  line  MN  drawn  through  the  contacts  6  represents  in  the 

*^                                                                          .  diagram  the  position  of  the  core.     Horizontal  distances 

where  Pav  is  the  average  magnet  pull ;  T  -^  sprmg  ten-  ^^^^^^^^^  ^^^^^^     -pj^^  p^H  ^^^^^^^  ^^  ^^e  magnet  is  repre- 

sion;  and  W  =  core  weight.     Let  P,  -  magnet  pull  ^^^^^^^^  ^^  ^^^  ^^^.^^^  ^^^  ^^^^^  ^^^^  p^^.^.^^^  ^j  ^.^^^  ^,^^ 

when  the  contacts  are  closed;  t,  =  time  the  contacts  are  ^^^^^^  ^^^      ^^^^  ^^^^  ^^^^^^^^  .^  represented  bv  a  line  /:/■ 

closed ;  and  f^  time  the  contacts  are  open.  ,^^    .^   distance    W    from   .-^5.      The   diasfonal    lino    .V)' 

In  mechanics  it  is  shown  that  the  momentum  pro-  ^.^^^^^^^^^  ^^^  ^p^i„^  ^^^^i^^^  f^^  ^^^^  p„,iti„„  „j  ^^^  ,„„. 

duced  by  a  force  F  acting  for  a  time  t  is  measured  by  ^^^^^     ^^^  ^^^^  p^^.^.^^^  ^^^  ^^^  ^^^.^^^^  ^^  ^p^j^^^  j^  ^j, 

their  product,  or  Ft  =  Mv.    The  product  of  force  and  ^^^^  ^^^  corresponding  tension  is  NO.     For  any  other 

time  is  the  measure  of  momentum  whether  actual  nio-  ^^^^  ^^^^.^.^_^  ^_^  ^^^^  ^^^^^^^  .^  ^y  ^^^  ^^^^  ^^^j^^^  ^^^^^j^,^ 

tion  results  or  not.     Now  the  average  magnet  pull  P...  .^   ^j      ^^^^^^   ^^^  condition   stated   in   equation    (i), 

may  be  regarded  as  a  constant  force  during  the  time  of  ^^^^^^^^^_^  ^,^^^  ^^^^._^^  ^^^^^.^^  p,^^^  ^^^^^^^  ^^^^^^^^  p^^,j  .^ 

opening  or  closing  the  contacts.     Its  upward  c^ect  or  ^^^^^^  -^^  ^^^^  ^^^.^^^^^  .^  .^  pj^.^^  ^^^^^  ^^^^  ^^^^^^^^  ^^^.^^^^^^^ 

momentum  may  be  expressed  as  Pav   {h  +  t,)-  _  ihis  ^^^^^^^  ^^  ^^  ^^^  ^.^^^^  ^^  .^  ^^^^  ^p^^^^^  ^^^^^j^^^  .^^^^,  ^,^^ 

average  upward  thrust  is  actually  produced  by  the  inter-  _^  ^^^  .^  ^,^^  ^^^^  ^^.^.^^^^     ^.,^^^  ^._^;^^  ^^  enga<jement 

mittent  force  P,  acting  for  a  time  f„  which  momentum  .^  ^^^^  ^_^^.^ 

must  therefore  be  the  same  as  the  above,  or 

W  —  T   _  Pay     _       Fj       _  OM 

Pav     {h  +  k)=Pih  P,        ~    P,      -   F,  +  F2    ~  LM 

hence  Paw  =  P'-j^ ^  If  the  screw  7  is  turned  so  that  the  line  MN  running 

^  ,     .      .       ,,.     f       n    •     /T^  through  the  contacts  is  raised  to  a  new  position  P6\the 

Substituting  this  for  Payin  (i),  .       «•                          •      ,  ■  ,            ,      X       ^u     t 

time  of  engagement  is  plainly  greater  than  the  tormer 

Pi  j7T:r  +  T  =  W  value  almost  in  proportion  to  the  increase  in  Pi,  since  the 

,       \\r—T       closing  force  (3)  pull  curve  is  practically  flat.    In  fact,  for  a  constant  volt- 

or        l^+h^  Ti          opening  force  age  at  the  source  the  length  P,  subtended  ou  the  position 

.      ji ^    time  contacts  are  closed ]i,^e  ^/jy^  Ijy  the  spring  tension  line  XY  is  almost  an  exact 

in  wh,ch  ,^^,^          ti^e  contacts  are  open  +  time  closcl  ^^^^^^^^^^  ^^  ^^^^  ^._^^^  ^^  ^^^^^^^      p^^  ^,^^  ^^^.^.^^^  ^^^ ,  ^,^^ 

is  time  of  contact  engagement.  p 

Thus  from  equation  (3)  the  time  of  contact  engage-  value  of  P.,  becomes  zero  and  ^-  _^'  ^^  =  /.  that  is,  the 
ment  depends  upon  three  quantities,  namely,  core  weight,  ^.^^^^j.^^.^^  remain  pennanentlv  closed,  s'imilarly  for  a  con- 
spring  tension  and  magnet  pull.  A  reduction  m  tension  p 
increases  the  numerator  of  the  fraction  and  therefore  tact  position  X,  /•,  becomes  zero  and  jr^j-^  =  "  ''"'1 
increases  the  time  of  engagement.  A  reduction  in  pull  ^j^^  contacts  remain  permanently  open.  For  any  position 
Pi  (i.  e.,  in  the  voltage  of  the  source)  also  increases  the  jj^^j^^gg,^  jj^e  limits  X  and  (/  a  condition  of  vibration 
time  of  engagement.  "  exists  and  the  contacts  remain  clo.sed  longer  as  the  posi- 
Referring  to  equation  (i)  it  will  be  seen  that  tion  line  ilW  is  raised  by  moving  the  adjusting  screw  7. 
P^^  =  IV  —  T.    Equation  (3)  may  therefore  be  written  jt  js  important  to  note  the  effect  of  a  change  in  volt- 

fi     _Pav  _  average  pull          (4)  age  of  the  source.    For  example,  suppose  the  voltage  to 

h+h  ~  Pi    ~  total  magnet  pull  1^^  lowered  until  the  pull  curve  CD  takes  the  new  posi- 

Again  considering  equation  (3)  it  will  be  noted  that  tion  HI  while  the  contacts  are  vibrating  at  the  position 

W  —  T  is  the  downward  force  acting  on  the  core  when  i/.y.    The  length  OL  or  P.  becomes  OK  or  F\  and  the 

the  contacts  are  open,  i.  e.,  it  is  the  force  available  for  P 

closing  the  contacts.    Denote  this  by  F,.    Now  the  total  ^nne  of  engagement  becomes  -^-^--^^ ,  which  ,s  greater 

upward  pull  with  the  contacts  closed  is  P,     By  sub-  ^^^^       P.             -p,^^.  ^.^^^^,^^,^^  ^^.j„  ^^,_^,_.^j,,  permanentlv 

tracting  the  downward   force  Pj,   which  acts   whether  /',  +  F., 

contacts  are  opened  or  closed,  the  upward  opening  force  closed  if  the  voltage  is  lowered  so  that  the  jiull  curve 

P2  is  obtained.    Thus  passes  through  O. 

Pj Fi  =  F.  or  Pi  =  P, -f  P2 (5)  ^t  is  apparent  that  the  simple  electric  vibrator  is  a 

c  u  ^•<.  ^-       *i             1        ■     /^\  device  whose  time  of  engagement  can  be  readily  varied 

Substituting  these  values  in  (3),  ^    ,                                      1 

^              ,    .      ,  by  changing  the  adjustment  of  the  contact  screw,  and 

(1               Pi     .        closing  force                                                 Cfil  .   ,             ,        ,                         r                    ■     n 

7^„  -7V+P,ie-.  closing  force  +  opening  force ^  '  that  it  also  has  inherently  the  power  of  automatically 

and  from  this  it  follows  that  increasing  its  time  of   engagement  on  a   reduction   of 

J         P  voltage,  and  is  therefore  suitable  for  use  in  a  voltage 

h  ^  TT    ')  regulator.    Fairly  satisfactory  regulators  have  been  built 

or  the  time  the  contacts  are  open  or  closed  bears  a  direct  using  the  simple  vibrator,  but  the  travel   for  a  given 

ratio  to  the  opening  or  closing  force.  change  in  time  of  engagement  is  large  and  the  inherent 

The  meaning  of  these  equations  can  be  seen  more  regulating  power  on  changes  of  line  voltage  is  relatively 

clearly  by  reference  to  Fig.  2.    Measurements  along  the  small,  since  it  requires  a  large  change  in  voltage  to  make 
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a  pronounced  change  in  time  of  engagement,  as  is  plain 
from  Fig.  2. 

Instead  of  allowing  the  contacts  to  completely  open 
the  magnet  circuit,  as  in  Fig.  i,  a  great  improvement  is 
obtained  by  bridging  the  contacts  with  a  resistance,  as 
shown  in  Fig.  3.  When  the  contacts  are  opened  the  mag- 
net pull  is  only  slightly  weakened  instead  of  being  com- 
pletely de-energized.  The  mechanics  of  the  system  are 
substantially  the  same  as  Fig.  i,  except  that  another 
element  of  magnet  pull  P„  is  introduced,  its  ultimate 
effect  being  to  make  the  magnet  more  sensitive. 

The  fundamental  equation  of  continuous  vibration  is 
the  same  as  in  the  elementary  electric  vibrator,  namely. 
-Pav  +  r  =  H'.  The  ujiward  momentum  due  to  the  aver- 
age force  acting  for  the  complete  time  of  a  vibration 
cycle  is  the  same  as  the  upward  momentum  due  to  the 
individual  forces  P^  and  F„.    Thus 

P^.■{t^+l■^    =  P,li+P.h (8) 

whence 


Pi  I,  +  P2 1; 
ti+h 


■  (9) 


Pi 


-h   Ps 


ti+h 


h+h 

Substituting 
'2  =  (/1-I-/2)  —  /i  in  the  previous  equation 

Substituting  this  in  (i), 
(Pi  —  P2)  T-X7     +  P-'.  +  T  =W 


h+k 
II'— r- 


■Pi 


li+h  .  Pi- 

_  closing  force 


Pi 

Fx  +  h\ 


.Pav 


.(10) 


closing  force  -|-  opening  force         P,   —  P.. 

Equation  (10)  is  the  complete  equation  of  the  action 
of  the  contacts.  Increasing  T  decreases  the  numerator 
and  decreases  the  time  the  contacts  are  closed.  Decreas- 
ing the  line  voltage  increases  the  numerator  and  in- 
creases the  time  the  contacts  are  closed. 

In  the  simple  electric  vibrator,  the  time  of  engage- 
ment is  expressed  by  equation  (4).  The  only  dift'erence 
between  this  equation  and  equation  (10)  is  that  in  the 
latter  P„  has  been  subtracted  from  both  numerator  and 
denominator.  For  a  moderate  decrease  in  line  voltage, 
Pi.  —  P-i  will  change  very  slightly,  but  F,  in  the  numer- 
ator will  decrease  in  proportion  to  the  voltage,  and  if  P.. 
has  a  value  approximating  W,  the  percentage  change  in 
the  numerator  is  very  great,  and  therefore  the  change  in 
the  value  of  the  fraction  is  very  great  as  compared  with 
the  change  in  equation  (4)  produced  by  the  same  change 
in  voltage.  Similarly  a  change  in  the  value  of  the  spring 
tension  T  makes  a  much  greater  change  in  equation  ( 10) 
than  in  equation  (4) .  These  relations  are  shown  graph- 
ically in  Fig.  4,  in  which  the  curve  CD  represents  the 
magnet  pull  with  contacts  closed,  as  in  Fig.  2 ;  curve  HI 
represents  the  magnet  pull  with  the  contacts  open ;  the 
line  XY  represents  the  spring  tension  and  EF  the  core 


weight  as  before.  The  line  ALN  represents  the  position 
of  the  contacts,  and  the  spring  tension  for  this  position 
is  represented  by  NO,  due  to  the  stretch  NY.  Average 
magnet  pull  Fav  is  W  —  T.  The  resultant  closing  force 
Fi  is  equal  io  W  —  T  —  P„.  At  the  instant  the  contacts 
are  closed,  the  upward  force  on  the  magnet  is  increased 
by  the  amount  P^  —  P..\  but  there  existed  previouslv  a 
downward  force  00  =  F^.  Therefore  the  additional 
upward  force  LG  minus  the  previous  downward  force 
OG  =  OL  =  F„,  the  resultant  opening  force.    The  time 

of  engagement  for  the  position  MN  is  -= —^  or  ~,. 

i\  -f"  ''2       LG 
If  the  screw  is  raised  until  the  contact  point  reaches 
the  line  JZ.   the  value  of   time  of  contact  engagement 

j= — r^-^:^  becomes  ^---,  which  is  obvioush'  much  greater 
-^'i  +  P2  QJ 

than  the  former  value,  even  though  the  travel  of  the  ad- 
justment screw  is  small.  If  the  screw  is  advanced  still 
further,  the  position  UV  is  reached,  at  which  point  F.,, 
the  opening  force,  becomes  zero,  and  the  contacts  stay 
closed.  Lowering  the  screw  produces  the  opposite  effect, 
the  closing  force  becoming  zero  at  position  R,  where- 
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upon  the  contacts  remain  permanently  open.  It  is  plain 
that  any  time  of  contact-  engagement  between  perma- 
nently open  and  permanently  closed  can  be  obtained  bv 
adjusting  the  contact  screw  within  the  limtis  of  U  and  R. 
as  compared  with  the  limits  U  and  X  in  Fig.  2,  repre- 
senting the  elementary  electric  vibrator. 

In  a  similar  way,  this  system  is  sensitive  to  voltage 
variations.  Assume  the  voltage  to  be  reduced  so  that 
the  curves  CD  and  HI  reach  the  new  positions  CD'  and 
HT,  respectively.  Let  the  position  of  the  contacts  be 
MN.  Then  the  closing  force  F^  is  seen  to  increase  from 
OG  to  OG'.  while  the  opening  force  diminishes  from 
OL  to  OL',  and  the  ratio  of  p^is  mucli  greater  than 
j-Q.  that  IS,  the  time  of  engagement  is  decidedly  in- 
creased by  a  small  drop  in  line  voltage,  as  compared  with 
a  similar  eft'ect  shown  in  Fig.  2. 

This  device  thus  affords  a  sensitive  means  of  varying 
the  time  of  contact  engagement  by  adjustment  of  the 
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contact  screw,  which  also  is  extremely  sensitive  to  volt- 
age variations.  It  only  remains  to  embody  this  mechan- 
ism into  a  practical  device  which  transmits  the  action  of 
these  contacts  to  the  field  circuit  of  an  exciter,  in  re- 
sponse to  voltage  variation  of  the  alternating-current 
generator.     Instead  of   permitting  the  contacts  of  the 

V  i  b  rating  magnet. 
Fig.  5,  to  open  and 
close  across  a  resist- 
ance in  its  own  cir- 
cuit, these  contacts 
are  made  to  open 
and  close  a  group  ol 
relays,  one  of  which, 
called  the  vibrating 
magnet  relay,  Fig.  7. 
has  its  ^contacts  ar- 
ranged to  short-cir- 
cuit the  section  of 
resistance  which  the 


*v\aWhi 


FIG.    5  —  MECHANICAI,   AR- 
RAXGEMENT  OF  VIBRAT- 
ING   M-\C.VET  AND 
PARTS 


main  contacts  act  across  in  the  schematic  diagram. 
Thus  the  vibration  of  the  vibrating  magnet  can  be  trans- 
mitted to  an  entire  group  of  relays,  any  or  all  of  which 
may  be  used  to  short-circuit  the  rheostat  in  the  exciter 
field  circuit.  Hence  adjustment  of  the  contact  screw  of 
the  vibrating  magnet  will  determine  the  rate  of  vibration 
and  time  of  engagement  of  the  contacts  shunting  the  ex- 
citer and  therefore  determine  the  effective  resistance  of 
this  rheostat,  and  produce  a  corresponding  definite  ex- 
citer voltage.  Any  variation  in  the  adjustment  of  this 
contact  screw  will  produce  an  immediate  change  in  the 
rate  of  vibration  and  time  of  engagement,  thereby  pro- 
ducing a  corresponding  change  in  the  exciter  voltage.  In 
other  words,  this  screw  performs  precisely  the  same 
office  as  the  arm  of  a  field  rheostat. 

If,  now,  a  means  of  automatically  varying  the  adjust- 
ment of  the  contact  screw,  Fig.  5,  of  the  vibrating  mag- 
^'pw°ora.u-cran|.uv.r        "et  iu  rcspouse  to 
T  the  alternating  volt- 

"^"MaBle."^  'ige  is  provided,  the 


Main  Contacts 


^. 


Control  Spring 


elements  of  a  com- 
plete regulator  are 
available.  This  ef- 
fect is  secured  by 
pivoting  a  lever  at- 
tached, as  showm  in 
Fig.  6,  at  one  end  to 
the  core  of  a  mag- 
net which  is  excited 
from  the  alternat- 
ing -  current  b  u  s- 
bars,  and  having  a 
contact  which  takes  the  place  of  the  screw  contact  in  Fig. 
3.  A  movement  of  the  control  magnet  core  changes  the 
adjustment  of  the  contact  with  reference  to  the  bell  crank 
lever,  arm,  thereby  varying  the  spring  tension,  and  time 
of  contact  engagement,  exactly  as  indicated  in  the  an- 
alysis of  the  vibrating  magnet.   Thus  the  rate  of  vibration 


t,  Counte 

Main  Control  Magnet 


FIG.  6  —  DIAGRAM  SHOW- 
ING   EFFECT    OF    THE 
MAIN  CONTROL 
MAGNET 


of  the  main  contacts  is  dependent  upon  the  position 
of  the  floating  lever,  and  therewith  the  rate  of  vibra- 
tion of  the  vibrating  magnet  which  is  transmitted 
to  the  rheostat  shunting  relay  whose  contacts  short- 
circuit  the  exciter  rheostat.  The  regulator  is  in  effect 
an  electric  vibrator  whose  contact  screw  is  automatically 
controlled  by  the  alternating  voltage. 

The  main  control  magnet  is  designed  with  a  straight 
line  pull  curve,  that  is,  the  pull  on  the  magnet  core  is  con- 
stant for  any  position  in  the  solenoid  within  the  range  of 
niovement.  The  weight  of  the  core  is  partly  balanced  by 
a  counterweight,  the  remaining  force  being  supplied  by 
the  pull  of  the  electro-magnet  due  to  the  voltage  on  the 
system.  The  result  is  a  sensitive  balanced  system  of 
forces  in  which  an  electro-magnetic  pull  is  balanced 
r.gainst  a  weight,  so  that  for  the  slightest  variation  of 
line  voltage  the  forces  on  the  main  control  core  will  be 
thrown  out  of  balance,  and  this  balance  is  not  restored 
until  the  line  voltage  is  brought  back  to  its  original  value. 
The  movement  of  this  core  is  damped  by  a  dash-pot 
whose  time  constants  bear  a  relation  to  the  time  con- 


Moin  Contacts- 


Voltage  Limiting  Rheostat  V.  C.  Field  Rheostat 

,.IC.  7— SCHEMATIC  DIAGRAM  OF  THE  COMPLETE  REGULATOR  CIRCUITS 

In  practice,  as  shown  in  Figs.  7  and  8,  the  contacts  are  put 

obliquely  to  secure  a  wiping  action  instead  of  as  shown 

schematically  in  Fig.  6.    The  action  is  the  same. 

stants  of  the  generator  field  and  exciter.  The  operation 
of  the  system  as  a  whole  is  as  follows:— 

With  a  drop  in  alternating  voltage,  the  main  control 
l-lunger.  Fig  3,  begins  to  go  down  in  its  coil  and  vibra- 
t'on  stops  completely,  the  contacts  being  permanently 
closed,  or  if  vibration  continues,  the  lower  end  of  the  bell 
c^ank  lever  is  compelled  to  move  to  the  right,  thereby 
weakening  the  tension  of  the  control  spring,  calling  for  a 
greater  average  pull  on  the  vibrating  magnet  core  in 
order  to  sustain  its  weight,  and  thus  demanding  a  greater 
time  of  contact  engagement. 

The  reduction  in  voltage  weakens  the  vibrating  mag- 
net, since  it  is  excited  from  the  alternating-current  bus, 
thereby  reducing  the  forces  P-y  and  P^  and  producing,  as 
indicated  in  Fig.  4,  a  much  greater  time  of  contact  en- 
gagement than  would  result  from  the  movement  of  the 
main  control  magnet  alone.     The  vibrating  magnet  is 
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only  slightly  damped,  and  its  corrective  response  is 
practically  instantaneous,  whereas  the  main  control  is 
more  strongly  damped.  The  main  control  core  will 
continue  to  descend  until  the  magnet  pull  is  exactly 
what  it  was  before  on  account  of  the  straight  line  pull 
and  balanced  system  as  pointed  out  above.    Therefore, 


FIG.  8— DIAGRAM  OF  MECHANICAL  CONSTRUCTION  OF  THE  MAIN  CONTROL  ELEMENT 

Showing  relative  proportions  of  parts. 

the  system  will  not  reach  equilibrium  until  the  exciter 
voltage  has  risen  to  a  value  sufficient  to  bring  the  line 
voltage  back  to  its  original  value.  In  this  respect  the 
regulator  differs  from  other  regulating  devices,  such  as 
engine  governors,  which  require  an  actual  change  in 
speed  to  produce  a  change  in  the  valve  opening.  With 
this  type  of  control  mechanism,  therefore  there  is  no 
error  or  drop  in  voltage  from  no  load  to  full  load,  as  is 
the  case  with  other  regulating  devices. 

The  vibrating  magnet  is  the  quick-responding  ele- 
ment in  the  regulator  and  is  so  designed  that  it  instantly 
makes  a  change  in  time  of  engagement  capable  of  cor- 
recting for  75  percent  of  any  fluctuation,  without  the 
movement  of  a  lever  or  change  of  spring  tension.  It  also 
introduces  a  fundamental  characteristic  essential  to  all 
quickly  responsive  regulating  devices,  namely,  that  the 
restoring  or  corrective  forces  are  proportional  to  the 
change  to  be  corrected  for.  For  instance,  with  a  heavy 
sudden  load,  the  drop  in  the  line  voltage  will  produce  a 
new  rate  of  vibration  whose  corrective  power  is  directly 
proportional  to  that  drop,  and  as  the  voltage  under  this 
corrective  force  approaches  its  normal  value,  the  correc- 
tive force  is  itself  gradually  reduced,  until  it  finally  dis- 
appears at  the  moment  the  voltage  has  been  restored  to 
normal.  Thus  the  response  of  the  regulator  to  mo- 
mentary changes  of  load  does  not  depend  entirely  upon 
the  response  of  the  main  control  magnet,  whose  prin- 
cipal function  is  to  restore  the  voltage  under  all  condi- 
tions to  exactly  normal  value. 

The  structural  features  of  the  control  element  are 
seen  in  Fig.  8,  which  shows  the  vibrating  magnet  i6 
?nd  main  control  magnet  40.  assembled  on  a  cast  base 


J9.  The  bell  crank  lever  is  shown  at  4,  suspended  by 
the  pivot  5.  The  floating  lever  p  is  pivoted  into  the 
lower  extremity  of  the  bell  crank  lever.  The  control 
spring  S7  acts  to  close  the  main  contacts  20  and  21.  The 
dash  pots  for  the  main  control  and  vibrating  magnets 
are  shown  respectively  at  jo  and  55. 

The  relays  of  all  regulators  are  exact  du- 
plicates, as  shown  in  Fig.  9.  The  magnet  coils 
magnetize  the  core  so  as  to  attract  the  arma- 
ture 14,  thereby  opening  the  contacts  10  and 
12  against  the  tension  of  spring  17.  By  means 
of  this  unit  design,  regulators  of  any  capacity 
can  be  constructed  by  simply  increasing  the 
number  of  units. 

When  the  discharge  across  the  relay  con- 
tacts becomes  excessive  the  field  rheostat  is 
subdivided  into  two  or  more  sections,  each  of 
which  is  shunted  by  a  relay,  thus  making  it 
possible  for  the  regulator  to  control  exciters 
having  field  currents  too  large  to  be  carried 
by  a  single  relay. 

When  the  regulator  controls  a  plant  con- 
sisting of  a  number  of  generators,  each  pro- 
vided with  an  exciter,  one  or  more  rheostat 
shunting  relay  is  provided  on  the  regulator 
for  each  individual   exciter.     Thus  the  im- 
pulses  from  the  control   element  are  trans- 
mitted simultaneously  to  every  unit  in  the  system.    The 
exciters  must  be  adjusted  so  that  their  characteristics  are 
approximately    identical,   that   is,   their   maximum   and 
minimum  voltages  should  be  the  same,  as  well  as  their 
time  of  building  up  and  down.     The  exciter  and  gener- 
ator rheostats  must  be  placed  in  their  proper  positions 
by  actual  test,  and  these  positions  carefully  marked.  The 
rheostats  should  always  be  set  in  their  marked  positions 
when  the  regulator  is  controlling  the  system.     When 
proper   adjustments  have  been   made  the   regulator   is 
capable  of   automatically  controlling  the  voltage   of   a 
plant  under  all  conditions. 


FIG.   9 — DETAILS  OF   CONSTRUCTION   OF  REGULATOR  RELAYS 

The  same  relay  is  standard  for  all  regulators,  the  contacts  only 
being  varied  to  take  care  of  various  current- 
carrying  requirements. 

If  the  inherent  regulation  of  the  alternating-current 
generators  operating  in  parallel  differs  greatly  it  will  be 
necessary  to  make  adjustment  of  the  generator  field  rhe- 
ostats under  varying  conditions  of  load,  to  prevent  the 


THE    ELECTRIC   JOURNAL 


circulation    of    excessive    cross   currents    between    ma- 
chines. 

When  the  exciters  controlled  by  the  regulator  oper- 
ate in  parallel  it  is  necessary  to  provide  each  with  a 
separate  rheostat  in  the  shunt  field,  in  addition  to  the 
regular  shunt  field  rheostat  short-circuited  by  the  relay 
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10 CONNECTION  DIAGRAM   OF   MASTER  RELAY  TYPE  REGULATOR  FOR 

PARALLEL   OPERATION 

A.  single  regulator  of  the  multiple-relay  type,  with  a  single  master  relay  operating 

the  field  shunting  relays,  governs  the  voltage  of  the  two  generators  in 

parallel,  the  latter  having  their  exciters  also  in  parallel. 

contacts.  The  purpose  of  this  additional  rheostat  is  to 
make  it  possible  to  adjust  the  shunt  field  current  inde- 
pendently of  the  regulator,  and  thus  make  it  possible  to 
effect  proper  division  of  load  between  the  several  ma- 
chines. This  extra  rheostat  is  called  an  equalizer  or  volt- 
age-limiting rheostat. 

If  the  equalizer  rheostat  is  provided  with  sufficient 
resistance  it  may  be  used  to  great  advantage  in  parallel- 
ing exciters.    To  put  an  additional  exciter  on  the  bus 
it  is  only  necessary  to  close  the  field  switch  on  the  regu- 
lator connecting  the  rheostat  of  the  incoming  machine 
to  its  relay,  which,  being  always  in  a  state  of  vibration, 
builds  up  its  voltage  to  approximately  the 
correct  value.  The  equalizer  rheostat  is  then 
used  to  adjust  its  voltage  to  that  of  the  bus. 
The  machine  may  then  be  put  on  the  bus  and 
the  desired  amount  of  load  taken  by  the  in- 
coming machine.     The  main  shunt  rheostat 
is  left  in  its  marked  position  during  the  en- 
tire procedure.     The  machines  go  together 
with  ease  and  safety,  and  there  is  none  of 
the  haste  and  excitement  so  often  accom- 
panying   the    paralleling    of    the    machines 
under  the  old  method  by  which  the  machine 
is  first  paralleled  with  the  main  rheostat, 
after  which  the  regulator  switch  is  closed 
and  the  main  rheostat  immediately  turned 
back  to  its  marked  position,  which  procedure 
is  most  inconvenent  when  the  regulator  is 
located  any  distance  from  the  exciter  panel. 

Instead  of  maintaining  a  constant  bus-bar  voltage  at 
the  generating  station  it  is  often  desirable  to  increase  the 
voltage  with  the  load,  so  as  to  maintain  a  constant  volt- 


age at  the  principal  center  of  distribution.  This  may  be 
very  conveniently  done  by  putting  a  series  transformer 
in  the  principal  feeder,  and  the  current  used  to  excite  the 
compensating  winding  on  the  main  control  magnet  of 
the  regulator.  The  winding  is  so  connected  that  it  op- 
poses the  regular  voltage  winding.  Tlius  an  increase  of 
load  will  weaken  the  puii  on  the  main  con- 
trol magnet  core,  the  effect  on  the  regu- 
lator being  exactly  the  same  as  a  decrease 
in  line  voltage.  The  line  voltage  must, 
therefore,  increase  by  an  amount  exactly 
equal  to  the  demagnetizing  action  of  the 
compensating  winding,  thus  producing  a 
compounding  effect  proportional  to  the 
load.  The  compensating  winding  is  pro- 
vided with  numerous  taps  brought  out  to 
a  dial  switch,  so  that  the  regulator  may  be 
set  for  any  desired  degree  of  compound- 
ing by  small  steps  up  to  30  percent.  The 
proper  use  of  the  compensating  winding 
adds  greatly  to  the  general  regulation  of 
the  system. 

\\'hen  the  relays  of  the  regulator  are 

excited  from  the  exciter  bus  the  range  of 

excitation    is    from    about    60    to    150 

volts  on  125  volt  exciters.    If  the  relays, 

however,  are  excited  from  some  constant  source,  such 

as  a  motor-generator  set  or  storage  battery,  the  control 

element  is  capable  of  varying  the  exciter  voltage  from 

residual  to  maximum,  thus  adapting  the  regulator  to 

service  requiring  any  range  of  excitation  whatever. 

One  of  the  principal  fields  to  which  it  has  not  been 
possible  to  apply  voltage  regulators  heretofore  was  that 
of  synchronous  condensers.  This  was  because  of  the 
great  range  of  excitation  required,  sometimes  reaching 
values  from  zero  excitation  to  maximum.  The  new  type 
of  regulator  is  especially  applicable  to  this  service.  One 
feature  which  makes  this  great  range  of  excitation  pos- 
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FIG.    II — EXTERNAL    CONNECTIONS    FOR   VOLTAGE   REGULATOR 

Showing  two  regulators  governing  the  voltage  of  two   synchronous  con- 
densers in  the  City  of  Winnipeg's  plant,  with  individual  direct-connected 
exciters.     The   function   of   this  equipment  is   to  regulate  the 
voltage  at  the  receiving  end  of  a  transmission  line. 

sible  is  the  relatively  small  travel  of  the  main  control 
magnet  core  in  this  type  of  control  element.  This  is  due 
mainly  to  the  fact  that  to  maintain  any  exciter  voltage 
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from  residual  to  the  knee  of  the  saturation  curve  the 
time  of  contact  engagement  is  practically  constant  and, 
therefore,  the  position  of  the  control  levers  does  not 
change  for  any  exciter  voltage  within  this  range 

A  wiring  diagram  showing  the  internal  connections 
of  a  four-relay  regulator  is  shown  in  Fig.  10,  while  the 
external  connections  of  a  pair  of  these  regulators  is 
shown  controlling  the  voltage  of  two  synchronous  con- 
densers in  Fig,  II.  It  is  to  be  noted  that  each  exciter  is 
connected  directly  to  its  condenser  field,  without  provi- 
sion for  parallel  operation.  It  is  a  distinct  feature  of 
this  type  of  regulator  that  exciters  may  be  operated  in- 
dependently with  their  generators,  without  the  necessity 
of  providing  for  parallel  operation  as  has  heretofore 
been  required. 

Large-capacity  regulators  provided  with  a  master 
relay,  that  is,  one  in  which  the  main  contacts  open  and 
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FIG.   12 — ONE-REtAY  REGULATOR  OF  THE   SIMPLEST  TYPE 

Showing  the  appearance  of  the  complete  unit  and  the  arrange- 
ment of  the  parts. 

close  across  a  master  relay  whose  contacts  in  turn  carry 
the  currents  necessary  to  operate  the  entire  group  of 
remaining  relays  are  shown  in  Figs.  10  and  14.  It  is  this 
feature  of  the  regulator  which  makes  it  possible  to  ex- 
tend the  size  or  capacity  of  the  regulator  almost  indefi- 
nitely. Heretofore,  it  has  been  necessary  to  install  a  sep- 
arate control  element  for  each  generator  when  its  ca- 
pacity became  very  large.  The  new  type  regulator,  how- 
ever, is  capable  of  directly  controlling  plants  of  almost 
unlimited  capacity.  It  marks  one  of  the  greatest  ad- 
vances in  the  science  of  automatic  voltage  regulation 
since  the  initial  development  of  the  regulator. 

The  regulator  shown  in  Fig.  14  is  the  largest  which 
has  ever  been  built  and  is  arranged  to  control  the  voltage 


of  nine  water  wheel  units,  each  of  15  000  k.v.a.  capacity 
at  120  r.p.m.  Each  main  unit  has  a  150  kw,  250  volt  ex- 
citer directly  mounted  on  its  shaft  and,  in  addition,  two 
motor-driven    exciters    are    provided    for    emerge. .cies, 


FIG.    13 — WESTINGHOUSE   VOLTAGE   REGULATOR    FOR   OPERATING    WITH 
EXCITERS    IN    VOLTAGE 


FIG.    14— FORTY-RELAY,    FOUR-ELEMENT    REGULATOR 

For   controlHng   the   voltage   from   eleven   generators,   in    four 

groups  at  four  different  bus  voltages.     The  exciters 

are  not  operated  in  parallel. 

being  arranged  so  that  they  can  be  substituted  for  any  of 
the  direct-connected  exciters.  The  exciters  are  not  con- 
nected in  parallel  at  any  time.     The  regulator  has  four 
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control  elements  mounted  on  the  outside  panels,  each  of 
which  can  be  energized  from  four  distinct  bus  sections. 
The  rheostat  shunt  relays  are  mounted  on  the  middle 
panel  and  are  arranged  to  control  the  eleven  exciters. 
These  relays  can  all  be  run  from  one  control  element  or 
can  be  split  up  into  four  independent  sections.  Switches 
on  the  bottom  of  the  control  elements  make  it  possible  to 
connect  any  control  element  to  any  exciter  or  group  of 
exciters.  Voltage-adjusting  rheostats  are  provided  at  the 
bottom  for  changing  the  adjustment  of  the  regulators  by 
hand.  By  special  feature  of  design,  the  exciters  are 
made  to  build  up  from  50  volts  to  250  volts  in  four  sec- 


onds. This  improvement  in  exciter  design  makes  the 
satisfactory  operation  of  automatic  voltage  regulators 
feasible  with  large,  slow-speed  exciters. 

One  of  the  control  elements  is  provided  with  a  com- 
pensator which  compensates  automatically  for  approxi- 
mately 30  percent  line  drop  on  a  100  000  volt  line.  The 
regulator  has  been  adjusted  so  as  to  operate  in  parallel 
with  another  large  station  twelve  miles  distant.  This 
marks  another  distinct  achievement,  in  that  it  has  never 
before  been  possible  to  operate  stations  having  rising 
voltage  characteristics  in  parallel,  each  of  these  stations 
being  under  the  control  of  a  voltage  regulator. 
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1418 — Motor  Windings  —  Please  ex- 
plain why  some  motors  have  an  un- 
equal number  of  coils  per  pole.  As  an 
example,  some  motors  will  have  a 
group  of  three  coils  per  pole  and  then 
two  coils  per  pole,  etc.  Please  explain 
how  to  figure  this  winding  out  on  a 
motor.  E.  M.  D.  (wash.) 

This    is    for   reasons   of   economy   in 
manufacture.     The  same  laminated  core 
may  be  made  to  carry  a  number  of  dif- 
ferent windings,  to  accommodate  differ- 
ent phases  and  voltages  and  poles,  and  it 
is  obvious  that  the  number  of  slots  will 
not  always  be  a  multiple  of  the  number 
of  phases  times  the  number  of  poles.     If 
the    winding    is    properly    balanced    and 
connected,    this    results    in    a    perform- 
ance as  regards  efficiency,  power-factor, 
torque  and  heating  which  is  practically 
quite  as  good  as  though  the  winding  had 
perfect    symmetry.      For    an    interesting 
method  of  doing  this  see  an  article  by 
Mr.  E.  M.  Tringley  in  the  Electrical  Re- 
view for  Jan.  23,  1915.  a.  m.  d. 
1419 — Shell-Type  Three-Phase  Trans- 
former—  Kindly    explain    in    detail 
why  the  middle  winding  of   a  three- 
phase,    shell-type    transformer    is    re- 
versed?     Should   the   middle   winding 
be  reversed  in  both  the  star  and  delta 
connection  ?   Please  give  several  stand- 
ard connections.                E.G.  s.  (tenn.) 
Assume  first  that  the  connection  of  the 
middle  phase  is  the  same  as  that  of  the 
two    outer    phases,    as    shown    in    Fig. 
1419(a).    The  three  applied  voltages  are 
120  degrees  apart,  and  consequently  the 
fluxes  in  the  three  cores  ab,  be  and  cd 
are  also  120  degrees  apart,  as  shown  in 
Fig.  1419(b).    Then  the  flux  in  the  yoke 
be  is  i^be  =  0.5  (((>ab  —  4>oc)  and  also  i^icf  = 
0.5  (0bc  —  (#>cd).     This  subtraction  is  made 
vectorially,   as   shown    in    Fig.    1419(b), 
and  it  is  seen  that  the  flux  in  the  yokes  is 
86  percent  of  the  flux  in  the  cores.    Now, 
suppose  that  the  connections  of  the  mid- 
dle phase  are  reversed,  as  shown  in  Fig. 
1419(c).     This,  of   course,  reverses  the 
direction  of  the  flux  in  the  middle  phase, 
and  the  conditions  are  as  shown  in  Fig. 
1419(d).    The  flux  in  the  yokes  is  given 


by  the  same  equations  as  before,  and  the 
vector  subtraction  is  shown  in  Fig. 
1419(d).  The  flux  in  the  yokes  is  thus 
seen  to  be  50  percent  of  the  flux  in  the 
cores,  or  57.7  percent  of  its  former  value. 
This  means  that,  for  the  same  flux 
density,  only  57.7  percent  of  the  yoke 
iron  is  necessary.  With  this  connection 
the  yokes  and  the  outside  part  of  the 
iron   circuit   each   carry   the   same   flux, 


(g)  (h) 

FIGS.  1419  (a)  to  (h) 
which  is  half  of  the  flux  in  the  core. 
Since  the  voltages  of  the  windings  are 
120  degrees  apart  whether  the  connection 
is  star  or  delta,  the  middle  phase  should 
be  reversed  in  either  case.  The  possible 
connections  are  shown  in  Figs.  1419(e), 
(f),  (g)  and  (h),  although  the  star-star 
arrangement  is  seldom  used.  J.  B.  G. 


Re  1407  —  Referring  to   question   No. 

1407,  on  turbo-generators  as  synchro- 
nous condensers,  the  steam  from  the  tur- 
bine being  used  for  steam  heating,  it  may 
interest  you  to  know  that  this  method  of 
operation  is  being  carried  out  very  suc- 
cessfully by  the  Northwestern  Electric 
Company  in  its  Pittock  Station  plant  in 
Portland,  Ore.  This  plant  is  used  as  a 
steam  auxiliary  to  a  hydroelectric  plant 
some  seventy-five  miles  away,  and  one  or 
more  turbines  are  floated  on  the  line  at 
all  times,  according  to  the  amount  of 
steam  demanded  by  the  steam-heating 
system. 

The  pressure  in  the  steam-heating 
mains  is  maintained  by  means  of  an  au- 
tomatic regulator  at  any  desired  value, 
this  regulator  operating  on  the  governor 
of  the  turbine  in  such  a  manner  as  to 
turn  steam  through  the  turbine  in  ac- 
cordance with  the  demand  on  the  steam- 
heating  system.  In  case  of  failure  of  the 
hydroelectric  plant  or  transmission  line, 
the  entire  load  is  picked  up  at  once  by 
the  turbines,  any  excess  steam  over  that 
required  for  the  heating  system  being 
by-passed  to  the  atmosphere. 

When  the  power  requirements  from 
the  turbine,  as  determined  by  the  steam 
demand  of  the  heating  system,  are  less 
than  its  rated  capatity,  the  generators 
are  operated  as  condensers.  Except  under 
emergency  conditions,  the  only  load  on 
the  steam  turbines  is  that  secured  from 
the  steam  required  by  the  steam-heating 
system.  Of  course,  economy  in  pounds 
of  steam  per  kw-hr.  is  not  the  primary 
consideration  in  such  a  plant,  as  it  is 
essentially  an  emergency  standby  plant 
to  insure  continuity  of  service,  the 
steam  for  the  steam-heating  system  being 
sent  through  the  turbines  as  reducing 
valves. 

The  operation  of  this  plant  has  been 
entirely   successful,   and   it   has   carried 
some  very  heavy  instantaneous  loads  due 
to  accidents  on  the  transmission  line. 
W.  D.  Peaslee, 
Consulting  Engineer, 
Portland,  Ore. 


Aim — To  connect  theory  and  practice 


What  Is  a  Horse-Power? 

II— Boiler   Horse-Power 

The  function  of  a  boiler  is  to  transfer  the  energy  in  the  fuel 
into  steam,  a  medium  more  conveniently  adapted  for  the  con- 
version of  heat  energy  into  energy  of  motion  or  work.  The 
operation  of  a  boiler  implies  no  motion;  there  is  no  "rate  of 
work."  Therefore,  the  term  "horse-power"  as  understood  in 
mechanics  is  not  properly  applicable  to  a  steam  boiler,  except  in 
the  sense  of  a  capacity  to  supply  an  engine  with  an  amount  of 
steam  per  hour  whicli  will  enable  it  to  develop  a  rated  horse- 
powei. 

Diflferent  types  and  sizes  of  steam  engines  and  turbines  vary 
through  a  wide  range  in  the  actual  pounds  of  steam  required  to 
develop  a  horse-power.  For  example,  the  performance  of  a 
large  steam  turbine  recently  installed  and  tested,  taking  steam 
at  a  high  pressure  and  superheat  and  expanding  it  to  about  29 
inches  of  vacuum,  is  in  the  neighborhood  of  eight  pounds  of 
steam  per  horse-power  per  hour ;  while  at  the  other  extremity  a 
small  non-condensing  steam-driven  pump  may  have  a  water  rate 
in  excess  of  140  pounds. 

To  do  away  with  the  confusion  resulting  from  an  indefinite 
meaning  of  the  term  "boiler  horse-power,"  a  unit  of  boiler  ca- 


pacity was  agreed  upon  in  1876  by  the  committee  of  judges  in 
charge  of  the  boiler  trials  at  the  Centennial  Exposition,  this  unit 
now  being  the  standard  generally  accepted  by  American  engi- 
neers. It  was  assumed  in  selecting  the  unit  that  a  good  repre- 
sentative engine  required  approximately  30  pounds  of  steam  per 
hour  per  horse-power  developed ;  and  therefore  for  a  boiler  to 
be  rated  at  one  horse-power  it  should  be  capable  of  evaporating 
30  pounds  of  water  from  an  initial  temperature  of  100  degrees 
F.  to  steam  at  70  pounds  gauge  pressure.  This  is  equivalent  to 
the  evaporation  of  34.5  pounds  "from  and  at  212  degrees  F.," 
that  is,  from  an  initial  or  feed  water  temperature  of  212  degrees 
into  dry,  saturated  steam  at  the  same  temperature.  It  is  the 
same  as  33479  B.t.u.  per  hour. 

Although  there  is  no  definite  ratio  between  the  size  of  a 
boiler  and  its  horse-power  rating,  in  stationary  practice  it  is  cus- 
tomary to  consider  ten  square  feet  of  heating  surface  as  the 
equivalent  of  one  boiler  horse-power.  This  is  generally  close  to 
the  rating  at  which  a  boiler  generates  steam  with  the  highest 
efficiency.  By  increasing  the  amount  of  fuel  burned  per  hour 
under  a  boiler  it  is  possible  to  get  much  larger  outputs  than  the 
normal  rated  capacity.  With  modern  types  of  stokers  it  is  not 
uncommon  to  carry  peak  loads  as  high  as  400  percent  of  normal 
rated  capacity. 


TKis    Universal 
IVKeostat 

will  control  the  charge  of 
any  number  of  cells  from  1 
to  44  at  any  charging  rate 
from  4  amperes  to  40  am- 
peres on  a  125-volt  direct 
current  circuit. 


Ward  Leonard  Universal  Battery  Charging  Rheostat 

Furnishes  every  charging  requirement  of  an  ignition  battery  or 
the  lighting-starting  battery  of  gas  automobiles — as  well  as  the  large 
batteries  of  electric  pleasure  cars  and  trucks. 

Battery  charging  is  a  profitable  business  and  with  the  Ward 
Leonard  Universal  Rheostat  the  charging  equipment  investment 
is  small. 

WARD  LEONARD  ELECTRIC  CO. 

MOUNT  VERNON,  N.  Y. 
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The'purpose  of  this  section  is  to  present  accepted,  practical  methods 

used  by  operating  companies  throughout  the  country. 

The   co-operation    of   all   those   interested  in  operating  and  maintaining 

railway  equipment  is  invited.    Address  R.  O.  D.  Editor. 


Putting  on  Railway  Motor  Pinions 


Many  of  the  pinion  failures  on  electric  railway  motors  are 
caused  by  putting  the  pinions  on  incorrectly. 
DRIVING  A  PINION 

It  is  generally  believed  that  if  a  pinion  is  shoved  on  the 
shaft  and  the  nut  tightened,  it  will  run  satisfactorily  without 
loosening.  Experience  has  shown  that  in  order  to  obtain  satis- 
factory operation,  pinions  should  drive  their  gears  through  the 
"press  fit"  or  "shrink  fit"  on  the  shaft  and  not  through  the  key. 
The  key  acts  merely  as  a  safety  device  should  the  pinion  acci- 
dentally loosen.     The  desired  fit  for  the  pinion  can  be  had  by 

heating  or  by  pressing. 

PRECAUTIONS 

The  following  points  should  be  observed  when  putting 
pinions  on  railway  motor  shafts  with  taper  fit: — 

(7— The  shaft  should  be  clean  and  free  from  burrs  or 
swellings. 

b — The  pinion  bore  should  be  clean  and  free  from  burrs. 
f—The  fit  of  the  pinion  bore  should  be  in  contact  with  at 
least  tliree-quarters  (75  percent)  of  the  surface  of  the  taper  fit 

on  the  shaft.  This  can 
be  checked  by  rubbing 
Prussian  b  1  u  e,  thin 
rid  lead  and  oil,  or 
tliin  lamp  black  and 
oil  on  the  pinion  bore 
and  fitting  it  on  the 
shaft. 


of  the  boiling  water,  namely,  100  degrees  C.  (212  degrees  F.),  it 
should  be  taken  out  of  the  water  and  the  bore  quickly  wiped 
clean.  Without  allowing  the  pinion  time  to  cool,  it  should  be 
tapped  on  the  shaft  with  a  six  or  eight-pound  sledge  hammer, 
using  a  heavy  piece  of  wood  or  copper  between  the  pinion  and 
the  hammer,  as  shown  in  Fig.  3.  This  sledging  is  not  to  get  a 
driving  fit,  but  to  make  sure  that  the  pinion  is  home,  and  well 
seated.  Three  or  four  taps  evenly  distributed  around  the  pinion 
end  should  be  enough.  The  pinion  nut  with  lock  washer  can 
then  be  screwed  home  tight,  with  a  wrench  having  a  purchase 
or  lever  arm  of  three  or  four  feet. 

A  suitable  pinion  heating  arrangement  is  shown  in  Fig.  2, 
the  water  being  heated  by  an  electric  heater.  A  gas  flame  or  a 
steam  coil  could  also  be  used.  Fig.  i  shows  a  mechanic  remov- 
ing a  pinion  from  the  water  with  a  hooked  rod. 

To  prevent  rusting  and  to  insure  a  clean  surface  at  the  fit, 
washing  soda  should  be  added  to  the  water  in  the  proportion  of 
one-quarter  pound  of  soda  to  five  gallons  of  water. 

HEATING  PINIONS  FOR  MOTORS  OVER  125  HORSE-POWER 
The    pinions 

should  be   heated 

with  a  gas  flame, 

applied  in  the  bore 

of   the   pinion,   in 

such  a  manner  as 

not   to   touch    the 

teeth  of  the   pin- 


I  Heating  Tank 


D=- 


-HE.^TING  PINIONS  IN  BOILING 
WATER 


2 — ELECTRICALLY-HEATED  PINION 
HEATING  TANK 


-IlRlVING  THE   HE.^TED  PINION  ONTO 
THE   SHAET 


d— After   the   above   points   have   been   taken   care   of   the 
pinions  should  be  put  on  the  shaft  cold  to  make  sure 


ion,  as  this  might  affect  the  temper.     The  flame  should  be  so 
regulated  as  to  take  45  to  75  minutes  to  bring  the  pinion  to  a 


I— That  the  keyway  in  the  pinion  is  the  proper  size  for  the  temperature  of  125  to  150  degrees  L.   (257  to  302  oegrees  1.;. 

key  mounted  on  the  shaft;  The  temperature  can  be  measured  by  placing  the  bulb  ot  a  ther- 

2— That  the  pinion  does  not  ride  or  bind  on  the  top  and  mometer  against  the  pinion  between  the  teeth.     Ihe  surtace  01 

sides  of  the  key  and  will  not  ride  the  key  when  pressed  the  pinion  where  the  bulb  touches  it  must  be  made  pertectly 

further  on  clean,  by  rubbing  with  emery  cloth.    It  is  also  important  to  pro- 

The  keyway  on  the  pinion  can  be  0.002  inch  larger,  but  not  tect  the  exposed  part  of  the  thermometer  by  covering  it  with 

less  than  the  key.    There  should  be  at  least  one-sixty-fourth  of  asbestos  cloth  so  the  flame  cannot  touch  the  thermometer. 
an  inch  clearance  between  the  top  of  the  key  and  the  bottom  of  When  the  pinion  has  reached  the  correct  temperature  the 

the  keyway  in  the  pinion.    The  corners  of  the  key  should  not  cut  bore  should  be  wiped  clean  and  the  pinion  put  on  the  shaft  in 

into  the  fillet  of  the  keyway.     To  prevent  this  the  corners  of  the  same  manner  as  suggested  for  pinions  for  motors  up  to  125 


the  key  should  be  rounded. 

PRESSING  ON  PINIONS 
Pinions  can  be  pressed  cold  onto  the  shaft  with  a  wheel 
press.  The  pressure  required  will  be  12  to  25  tons  for  pinions 
up  to  125  horse-power,  and  40  to  80  tons  for  pinions  transmitting 
125  horse-power  or  over.  A  25  to  50  ton  press  can  be  used  for 
pinions  up  to  125  hp,  and  a  100  ton  press  for  pinions  above 
125  hp.  Pinions  with  bores  up  to  three  inches  that  are  pressed 
on  cold  should  advance  on  the  shaft  approximately  one-thirty- 
second  of  an  inch;  those  with  three  to  four-inch,  three-sixty- 
fourths  of  an  inch;  and  those  with  four  to  5.5  inch  bore,  one- 
sixteenth  of  an  inch.  This  distance  is  measured  from  the  point 
where  the  pinion  is  seated  firmly  on  the  shaft  before  pressing. 
HEATING  PINIONS  FOR  MOTORS  DP  TO  125  HORSE-POWER 
Pinions  up  to  three-inch  bore  should  be  heated  in  boiling 
water  for  30  minutes,  and  those  with  three-inch  or  larger  bore 
for  60  minutes.    When  the  pinion  has  attained  the  temperature 


horse-power.  ^„^ 

HEATING  APPARATUS 
Any  furnace  in  which  the  pinion  is  so  located  that  the  flame 
cannot  touch  the  teeth  can  be  used  for  heating  pinions.  The 
flame  can  be  regulated  and  the  pinions  kept  at  a  temperature  of 
100  degrees  C.  (212  degrees  F.)  for  pinions  up  to  125  horse- 
power, or  125  degrees  C.  (257  degrees  F.)  for  125  horse-power 
motors  or  larger,  until  the  mechanic  is  ready  to  apply  them. 
RESULTS 

Pinions  put  on  after  boiling  in  water  will  hold  when  cool 
with  a  pressure  of  from  12  to  25  tons,  and  those  heated  above 
125  degrees  C.  and  not  more  than  150  degrees  C.  with  a  pressure 
of  from  40  to  80  tons,  depending  on  the  length  of  fit  of  pinion 
and  the  diameter  of  the  bore. 

By  following  these  directions  it  is  possible  to  put  pinions  on 
armature  shafts  that  will  stay  put  and  drive  through  their  fit 
under  the  very  hardest  pulling  from  the  motor. 
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Performance      Prony  brake  tests  taken  under  corn- 
Tests  for  mercial     conditions     are    subject     to 
variations    which    render    them    less 


Induction 
Motors 


exact  as  a  method  of  determining  the 
performance  of  rotating  electrical 
machinery  than  is  the  method  of  measuring  the  separate 
losses.  In  the  case  of  induction  motors  it  might  be  as- 
sumed that  the  test  data  taken  to  determine  these  losses 
and  the  manner  of  working  up  this  data  are  so  well 
understood  as  to  require  little  discussion.  This  is  true 
to  a  degree,  and  established  methods  form  a  fair  basis 
of  agreement.  However,  there  is  one  point  which  is 
open  to  discussion.  This  is  the  value  of  the  rotor  resist- 
ance as  determined  from  test.  The  resistance  of  phase- 
wound  rotors  may  be  determined  by  direct  measure- 
ment, but  in  the  case  of  squirrel-cage  rotors  the  resist- 
ance must  be  determined  indirectly  from  other  readings. 
When  the  motor  is  small  it  may  actually  be  loaded,  the 
slip  read  by  the  stroboscopic  method,  and  thus  a  meas- 
ure 01  the  rotor  resistance  secured  directly,  since  the 
slip  is  a  measure  of  the  rotor  copper  loss.  When  the 
motor  is  too  large  to  be  loaded  for  testing,  the  sec- 
ondary resistance  must  be  determined  indirectly  from 
the  watts  input  to  the  motor  at  standstill,  and  in  this 
case  there  is  an  indeterminate  item. 

Practically  all  published  methods  of  determining  sec- 
ondary resistance  from  the  "locked  watts"  assume  that 
this  measurement  includes  only  copper  losses,  either 
primary  or  secondary.  Since  the  primary  resistance  and 
current  are  known,  its  copper  loss  is  readily  subtracted 
from  the  locked  watts  and  the  remainder  is  called  sec- 
ondary copper  loss.  This  is  in  error,  since  at  standstill 
there  are  eddy-current  losses  in  the  conductors  and  iron 
losses  in  the  rotor  core  which  are  not  present  when  the 
rotor  is  running  at  normal  speed.  It  is  evident,  there- 
fore, that  such  methods  are  inexact,  as  applied  to  dia- 
grammatic as  well  as  to  analytic  methods. 

In  this  issue  of  the  Journal  Mr.  L.  H.  James  pre- 
sents a  method  of  determining  the  rotor  resistance  more 
exactly  which,  in  its  practical  results,  is  a  distinct  ad- 
vance over  previous  systems  of  calculation.  His  method 
of  attacking  the  problem  is  logical  in  that  it  starts  with 
the  value  of  the  working  current  in  the  secondary. 
There  are  two  novel  ideas  in  the  presentation.  The  first 
is  the  "modified  primary  resistance,"  which  is  really  ex- 
pressing the  primary  resistance  in  terms  of  the  sec- 
ondary; and  the  second  is  the  subtraction  of  the  no-load 
watts  from  the  locked  watts  before  calculating  the  rotor 
resistance.  The  latter  procedure  is  more  or  less  em- 
pirical and  is  introduced  to  olfset  the  unknown  elements 
mentioned  above.  The  motor  which  the  author  has 
chosen  as  an  example  is  of  small  capacity  and  slow 
speed,  a  combination  which  ordinarily  shows  the  maxi- 


mum variation  between  the  calculated  results  and  a 
brake  test.  There  should  be  even  closer  coincidence  be- 
tween test  and  calculation  on  more  normal  designs. 

A  theoretically  perfect  solution  of  this  problem 
would  necessarily  be  based  on  an  equivalent  value  of  the 
secondary  resistance,  which  is  one  thing  at  standstill, 
another  when  running  at  normal  load  and  a  third  at 
synchronism.  The  method  proposed  by  Mr.  James  does 
not  attempt  this,  but  proposes  a  compromise  which  gives 
excellent  results  in  practical  work  and  which  is  almost 
unbelievably  simple  and  direct.  A.  M.  Dudley 


Motor  Operation   of   electrical   apparatus   at 

Performance  voltages  or  frequencies  somewhat  ofif 

,,       .  normal  is  frequently  necessary.   That 

on  Varymg  ^  _, ,  ,'     ^,__-'    ^ /___^  ___._„ 


Voltage  and 


a  change  of  less  than  ten  percent  will 


not  seriously  afifect  the  operation  of 
Frequency  induction  motors  is  shown  by  Mr. 
L.  W.  Smith  in  this  issue  of  the  Journal.  It  is  inter- 
esting to  carry  some  of  the  principles  involved  to  their 
logical  conclusion.  A  decrease  in  voltage  produces  a 
decrease  in  torque.  So  does  an  increase  in  frequency. 
A  simultaneous  decrease  in  voltage  and  increase  in  fre- 
quency will  therefore  greatly  reduce  the  motor  torque. 
Fortunately  this  is  a  condition  that  is  not  likely  to 
occur,  unless  the  speed  of  the  prime  movers  is  delib- 
erately increased  with  increase  of  load  in  order  to  in- 
crease their  output.  The  normal  tendency  is  for  both 
the  voltage  and  frequency  to  decrease  with  an  increase 
in  load  and,  as  these  changes  produce  opposite  effects  on 
the  motor  flux  and  torque,  their  resultant  effect  is 
minimized. 

Since  equal  changes  of  the  same  kind  in  voltage  and 
frequency  practically  neutralize  one  another  so  far  as 
motor  flux  and  torque  are  concerned,  it  is  obvious  that 
such  changes  can  be  carried  to  a  much  greater  extent 
than  the  ten  percent  to  which  a  change  of  either  one 
alone  should  be  limited.  For  example,  a  6o  cycle,  440 
volt  motor  can  be  operated  at  220  volts,  25  cycles,  with 
somewhat  greater  flux  density  and  torque  than  at  normal 
rating ;  since  the  speed  will  be  greatly  reduced,  the  horse- 
power rating  will,  of  course,  be  similarly  reduced.  This 
decrease  in  rating  is  equally  obvious  from  the  fact  that 
the  current  rating  is  unchanged,  while  the  voltage  is  de- 
creased. In  fact,  since  the  ventilation  is  decreased  on 
account  of  the  lower  speed,  it  may  be  advisable  to  some- 
what reduce  the  current  rrting. 

The  inverse  change  fr^m  a  lower  voltage  and  fre- 
quency to  a  higher  is  equally  feasible  from  the  electrical 
standpoint,  with  a  correspondingly  increased  rating,  but 
the  mechanical  construction  of  the  rotor  should  be  care- 
fully considered  before  materially  increasing  the  speed. 

Chas.  R.  Riker 


THE  recent  election  of  Mr.  Humphrey  to  the  presidency  of  the  Union  Switch  &  Signal  Company,  in  addition 
to  his  other  positions,  furnishes  another  example  of  the' fact  that  there  are  still  numerous  opportunities  for 
advancement  in  the  engineering  field  even  for  those  who  start  in  life  with  seeming  handicaps.  The  following 
sketch  presents  the  outstanding  features  in  his  very  interesting  history. 


A  LIST  of  American  captains  of  industry  to  be 
complete  should  contain  the  name  of  Arthur  L. 
Humphrey,  first  vice  president  and  general  man- 
ager of  the  Westinghouse  Air  Brake  Company,  presi- 
dent of  the  Union  Switch  &  Signal  Company,  and 
vice  president  and  director  in  several  other  prominent, 
well-established  industrial  corporations  of  like  character 
and  standing.  His  is  a  life  story  of  an  American 
farmer-boy  with  a  poor 
start,  heavily  handicapped, 
fighting  his  way  aggres- 
sively and  determinedly 
along  life's  rough  paths  to 
the  final  attainment  of  high 
executive  positions  carry- 
ing large  emoluments  and 
honors. 

He  was  born  in  i860, 
near  the  small  village  of 
Holland,  Erie  County, 
New  York.  A  few  months 
later  the  Humphrey  family 
left  the  East  to  become 
pioneers  in  the  far  West, 
settling  on  a  farm  near 
Moquoketa,  Iowa.  His  first 
fourteen  years  were  spent 
uneventfully  in  the  routine 
of ,  country-boy  life,  con- 
sisting primarily  of  hard 
farm  labor  during  the  sum- 
mer months,  with  a  brief 
term  of  district  school  dur- 
ing the  winter  months.  Al- 
though retarding  and  hand- 
icapping a  start  which  sub- 
sequently was  to  develop 
into  a  strenuous  and  suc- 
cessful  career,   the   hard 

work  and  open-air  life  laid  the  foundation  of  a  rugged 
physique,  which  later  on  responded  so  splendidly  to  the 
rigorous  demands  made  upon  it.  The  boy's  country  dis- 
trict schooling  was  augmented  by  three  terms  of  city 
schooling  at  Pittsburgh,  Neb.,  whither  he  had  gone  in 
April,  1874,  to  seek  his  fortune.  That  summer  found 
him  a  member  of  a  large  plow-gang  outfit  organized  to 
break  up  with  gang  plows  and  eight-ox  teams  the  tough 
virgin  prairie  sod  for  the  pioneer  settlers.  His  eleven 
weeks  with  the  outfit  developed  him  into  an  expert  ox- 
driver,  plow-operator,  sub-cook,  ox-herder  and  general 
camp  roustabout. 

To  some  particular  incident  can  generally  be  traced 
the  deciding  event  which  gives  exact  and  definite  direc- 


Arthur  L.  Humphrey 


tion  to  each  individual's  life  course.  So  it  was  with 
young  Humphrey.  While  working  in  a  Plattsburgh 
drug  store  he  one  day  discovered  in  the  basement  a 
discarded,  unworkable  soda-water  generator.  After 
some  study  and  investigation  of  the  machine,  he  began 
making  repairs  and  finally  completely  restored  the  gen- 
erator to  useful  activity  and  to  the  decided  commercial 
advantage  of  his  employer,  the  druggist.  Thencefor- 
ward his  mechanical  in- 
clinations developed,  and 
friendly  advisers  encour- 
aged him  and  directed  him 
into  that  field. 

After  a  three-year  ap- 
prenticeship at  the  machin- 
ist's trade  in  the  .shops  of 
tlie  Burlington  &  Missouri 
River  Railroad,  he  got  a 
job  as  machinist  in  the 
Union  Pacific  shops  at 
Rawlins,  Wyo.  In  due 
course  he  was  advanced  to 
the  position  of  gang-boss, 
but  feeling  that  promotion 
was  coming  too  slowly,  he 
liecame  impatient,  quit  and 
struck  deeper  into  the  far 
West,  bringing  up  in  Sacra- 
mento, Cal.,  where  he  was 
employed  by  a  mining  ma- 
chinery company.  Fitting 
mines  with  hoisting  en- 
gines, pumping  plants  and 
stamp  mills  constituted  his 
principal  work.  The  winter 
of  1882  found  him  in  Seat- 
tle. After  a  few  months' 
employment  with  the 
\\'ashington  Iron  \\'orks, 
builders  of  steamboats,  sawmill  and  mining  machinery, 
he  and  two  partners  organized  a  smaller  company  to  do 
similar  work.  From  the  first  the  new  company  pros- 
pered ;  however,  partnership  relations  became  uncon- 
genial and  the  firm  was  dissolved,  Boston  interests  buy- 
ing the  property,  which  afterwards  developed  into  the 
present  Moran  Iron  Works. 

The  lure  of  the  railroad  was  strong,  however,  and 
before  long  he  found  himself  again  in  railroad  work,  as 
division  foreman,  in  charge  of  construction  of  a  new 
line  from  Mojava  across  the  Mojava  Desert  to  the 
Needles  and  in  the  building  of  shops  and  other  terminal 
requirements  at  the  latter  place.  This  work  completed, 
he  accepted  a  call  in  July,  1888,  to  the  Colorado  Midland 
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as  master  mechanic,  and  a  year  later  was  promoted  to 
the  position  of  superintendent  of  motive  power,  he  being 
at  that  time  the  youngest  official  carrying  that  title  in  the 
country.  Broader  opportunity  was  now  offered  for 
executive  development,  and  he  rapidly  pushed  his  way 
to  a  commanding  position  among  the  leading  motive 
power  officials  of  the  country. 

The  task  of  snow-fighting  then,  as  it  is  at  present 
on  those  far  western  railroads  which  cross  the  moun- 
tain ranges  of  the  Rockies  and  Sierras,  was  considered 
of  equal  importance,  and  as  much  a  part  of  the  motive 
power  officials'  duties  as  was  that  of  the  upkeep  of 
motive  power  and  rolling  stock.  Mr.  Humphrey  en- 
tered personally  into  this  hazardous  work  in  his  deter- 
mination to  keep  traffic  moving  or  to  open  and  relieve 
this  particvilar  exposed  road  from  blockades  caused  by 
snowstorms  and  avalanches,  and  developed  to  a  science 
that  feature  of  western  mountain  railroading  commonly 
known  as  "snow-fighting."  This  hazardous  work  often- 
times led  into  thrilling  adventure  and  hardships  involv- 
ing cold,  hunger  and  exhaustion,  such  as  Rex  Beach  is 
fond  of  weaving  into  his  Klondike  fiction. 

In  1892  an  era  of  political  unrest  appeared  and  ex- 
tended throughout  the  State  of  Colorado,  and  it  became 
urgent  that  business  interests  be  represented  in  the  State 
Legislature  by  a  business  man.  Mr.  Humphrey  was  se- 
lected, nominated  and  elected.  David  H.  Waite,  popu- 
list, of  "Bloody  Bridles"  fame,  proceeded  to  heckle  and 
embroil  the  stable  and  conservative  people  of  the  state 
with  his  radical  policies  and  extreme  measures.  He  was 
defeated  in  many,  if  not  all,  of  these  pernicious  "isms" 
by  the  opposition  led  by  Mr.  Humphrey.  The  outcome 
was  a  strong  personal  antagonism  between  these  two 
men,  which  became  prominent  in  the  proceedings  of  the 
Legislature  and  lasted  throughout  their  acquaintance. 
The  1894  elections  resulted  in  the  defeat  of  Governor 
Waite.  Mr.  Humphrey  was  re-elected  and  returned  to 
the  Legislature,  strongly  endorsed  for  the  position  he 
had  taken  in  opposition  to  the  Governor's  policies.  He 
was  unanimously  elected  Speaker  of  the  Lower  House, 
which  position  he  occupied  with  ability  and  credit  for 
his  term  of  two  years.  Eight  years  in  all  covered  his 
active  life  in  county  and  state  politics,  and  contributed 
rich  experience  to  an  already  well-rounded-out  career. 
Against  his  wishes  he  was  induced  to  run  for  State 
Senator,  failing  of  election  by  less  than  one  percent  of 
the  state's  total  votes. 

Having  creditably  accomplished  the  work  for  which 
he  had  entered  politics — sanitizing  and  restricting  per- 
nicious state  legislation — he  decided  to  return  to  the 
more  congenial  work  of  railroading.  He  accepted  the 
position  of  superintendent  of  motive  power  of  the  Colo- 
rado Southern  in  July,  1899,  a  position  of  wider  activ- 
ity and  greater  responsibility  than  he  had  hitherto  car- 
ried. Li  1902  he  was  requested  by  President  Felton,  of 
the  Alton,  to  take  the  position  of  superintendent  of 
motive  power  on  that  line,  a  position  still  broader  and 
more  remunerative.  Opportunities  for  wider  acquaint- 
ance and  greater  opportunities  than  were  offered  in  the 
limited  western  country  promised  that  the  change  would 


be  beneficial,  and  he  accepted  the  offer,  his  headquarters 
being  made  at  Bloomington,  111.  It  is  not  without  regret 
that  he  left  behind  the  adventurous  life  in  that  far  west- 
ern country,  where  he  had  achieved  success  financially, 
socialy  and  politically,  to  come  east  and  take  residence 
in  a  new  community,  amongst  strangers,  where  methods 
and  associates  were  entirely  new.  In  his  three  years 
with  the  Alton  many  of  his  western  policies  were 
adopted,  all  to  the  betterment  of  the  service,  the  equip- 
ment, or  to  the  individual  himself. 

In  1903  he  was  called  into  another  new  field,  for 
which  his  rich  and  varied  experience  had  well,  though 
unconsciously,  prepared  him,  when  he  was  made  west- 
ern manager  of  the  Westinghouse  Air  Brake  Company, 
with  headquarters  at  Chicago,  and  two  years  later 
was  promoted  to  the  position  of  general  manager,  with 
headquarters  at  Pittsburgh.  The  same  progressive  ideas 
which  had  served  so  well  in  previous  achievements  were 
infused  into  the  conservative  conduct  of  the  work  in  the 
new  field,  resulting  in  further  successes  and  promotion. 
In  1910  he  was  made  vice  president  and  general  man- 
ager, and  in  1917  was  further  advanced  to  first  vice 
president  and  general  manager.  At  the  same  time  he 
was  also  made  president  of  the  Union  Switch  &  Signal 
Company. 

As  a  railroad  officer  Mr.  Humphrey  was  actively 
identified  with  the  Master  Car  Builders'  Association,  the 
Master  Mechanics'  Association,  and  other  railroad  or- 
ganizations designed  to  promote  practical  progress  in 
train  handling  and  traffic  movement.  As  a  manufac- 
turer of  railroad  equipment  his  interest  in  railroad  prob- 
lems has  been  even  more  largely  emphasized,  with  par- 
ticular reference  to  maximum  efficiency,  safety  and 
economy  in  train  movement  through  air  brake  control. 
He  is  a  member  of  the  American  Society  of  Mechanical 
Engineers,  the  Engineers'  Society  of  Western  Pennsyl- 
vania, and  many  other  bodies  devoted  to  engineering 
and  commercial  development. 

In  191 5  an  attractive  proposition  was  made  to  the 
Westinghouse  Air  Brake  Company  for  the  manufacture 
of  shrapnel  shells  for  one  of  the  belligerents  in  the 
European  war.  After  deliberate  consideration  of  the 
proposition,  in  which  unusual  consideration  was  given  to 
the  fact  that  this  work  meant  the  re-employment  of 
about  75  percent  of  the  company's  men,  at  that  time  idle 
because  of  the  existing  depression  in  railroad  business 
of  the  land,  also  the  fact  that  the  facilities  provided  to 
undertake  this  work  would  be  available  later  on  for 
munition  manufacture  for  the  United  States  Govern- 
ment should  it  become  engaged  in  war,  Mr.  Humphrey 
and  his  associates  recommended  the  acceptance  of  the 
contract.  From  total  inexperience  and  unpreparedness 
sprang  astounding  activity,  surprising  facilities  and  a 
wonderfully  effective  organization  which  finished  the 
contract  six  weeks  ahead  of  schedule  time — and  that, 
too,  without  a  single  rejection  of  product. 

Mr.  Humphrey  is  yet  in  his  prime  and,  judging  from 
his  past  performance,  will  add  many  other  and  still 
greater  achievements  to  his  long  and  creditable  record  as 
rapidly  as  opportunities  present  themselves  for  so  doing. 
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TWO  hundred  million  pounds  of  sheet  steel  have 
been  used  in  this  country  during  the  past  year  in 
the  magnetic  circuits  of  new  electric  apparatus. 
At  an  average  price  of  3.5  cents  per  pound,  this  material 
would  cost  $7000000.  Assuming  an  average  loss  of 
one  watt  per  pound,  an  operating  time  of  eight  hours 
per  day  and  a  cost  of  power  at  one-half  cent  per  kilo- 
watt hour,  the  iron  losses  of  this  quantity  of  material 
would  cost  $2  800  000  per  year.  It  is  very  improbable 
that  the  first  cost  of  the  steel  can  be  materially  reduced 
by  improved  methods  of  refining,  but  the  quality  may  be 
so  changed  that  a  less  quantity  can  be  used  for  a  given 
size  of  machine.  In  general,  permeability  is  the  Hmiting 
factor  in  present  design,  and  this  must  be  improved  in 
order  to  decrease  the  size  of  the  magnetic  circuit.  A  de- 
crease in  the  magnetic  material  means  a  decrease  in  the 
amount  of  copper  necessary,  a  decrease  in  the  size  of  the 
frame,  etc.  A  decrease  in  iron  losses  is  of  fully  as  great 
importance,  since  this  amounts  to  more  than  the  first 
cost  of  the  iron  after  a  few  years'  service.  The  intro- 
duction of  silicon  steel  a  few  years  ago  was  a  very  great 
step  in  advance  along  this  line.  What  the  next  step 
may  be  we  do  not  know.  In  the  meantime  we  should 
know  the  properties  of  the  materials  available  and  the 
laws  which  govern  them. 

In  the  following  article  hysteresis  loss,  eddy-current 
loss,  permeability  and  the  various  factors  which  affect 
them  will  be  considered.  The  discussion  will  be  con- 
fined to  such  properties  as  are  of  commercial  im- 
portance, and  to  these  properties  with  reference  to  sheet 
steel  only. 

HYSTERESIS  LOSSES 

The  ordinary  formula  for  calculating  hysteresis  loss 
is  as  follows : — 

Wh  =  K.VfB' « 

A'j  (hysteresis  coefficient)  is  a  function  of 
I — Chemical  composition. 
2 — Mechanical  treatment. 
3 — Heat  treatment. 

V  (tlic  voUime)  is  a  function  of 
I — Pressure. 
2 — Specific  gravity. 
3 — Enamel,  scale,  etc. 

/  =  frequency. 
B  =  maximum  induction. 

The  exponent   1.6  (due  to  Steinmetz)    is  empirical 

and  is  subject  to  certain  exceptions,  namely: — 

I — It  is  limited  to  certain  ranges  of  induction. 

2 — It  is  affected  by  scale. 

3 — It  holds  only  for  symmetrical  hysteresis  loops. 

EDDY-CURRENT   LOSSES 

The  formula  for  eddy-current  losses  is  as  follows : — 

W„  =  K,Vff-B' 


K,  is  a  function  of  the  resistance  of  the  material. 
V  and  /  =  the  same  as  above. 

t  :=  the  thickness  of  the  laminations. 
B  :=  maximum  induction  and  holds  only  for  a  sine 
v^ave  of  voltage. 

PERMEABILITY 

B  <t>  4^NI 

Permeability  yu  ="„"  where  B  =-j-M^<i  H  =    ^    , 

B  =  induction  in  gausses. 

<t>  =:  total  flux  in  maxwells. 

A  =  cross-section  of  the  magnetic  circuit  in  square  centi- 
meters. 
H  =  gilberts  per  centimeter. 
JV  :=  number  of  turns  in  the  magnetizing  coil. 

/  =  current  in  amperes. 

/  =  length  of  magnetic  circuit.  ^ 

In  expressing  the  magnetizability  of  a  specimen  of 
magnetic  material  it  is  most  common  to  do  this  in  the 
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FIG.  I— MAGNETIC  REI.UCT.\NCE  CURVE  FOR  AXLE  STEEL 

form  of  a  curve  between  B  and  H, — in  other  words,  by 
means  of  a  magnetization  curve.  There  is  no  law  (as 
there  is  for  hysteresis  loss)  by  which  this  relation  can 

be  expressed.     However,  if  ^  ( =  p)  's  slotted  against  H 

a  curve  is  obtained,  such  as  is  shown  in  Fig.  1.  The 
discovery  of  this  relation  is  due  to  Dr.  A.  E.  Kennelly. 
The  portions  to  the  left  and  to  the  right  of  the  point  C 
are,  for  ordinary  materials,  nearly  straight  lines,  with  a 
curve  upward  at  low  values  of  H  as  shown.  The 
straight  points  of  the  curve  may  be  expressed  by  the 
law  (>  =  a  -\-  a  H.  a  is  of  course  equal  to  the  value  of 
p  at  //  =  0  if  the  line  is  extended  back  to  the  X  axis, 
p  represent  the  slope  of  the  line.  From  such  a  curve  it 
is  possible  to  extrapolate  high  values  of  H  with  a  fair 
degree  of  accuracy  and  also  to  determine  the  saturation 
point  for  a  given  material;  since  the  saturation  induc- 
tion is  equal  to  the  reciprocal  of  p  as  obtained  from  the 
point  of  the  curve  at  the  right  of  the  point  C  Fig.  1. 
When  dealing  with  very  high  inductions  it  is  more 
accurate  to  use  5o  which  is  equal  toB  —H  ox  \-k  times 
the  intensity  of  magnetization. 
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Permeability  is  a  function  of 

I — Chemical  composition. 
2 — Mechanical  treatment. 
3 — Heat  treatment. 

HYSTERESIS    EXPONENT 

The  hysteresis  exponent  1.6,  as  stated  above,  is  lim- 
ited to  certain  ranges  of  induction.     At  very  low  flux 
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FIG.    2— HYSTERESIS    LOSS,    AT    60    CYCLES,    OF    A    LAMINATED,    FOUR 
PERCENT   SILICON   STEEL  RING 

densities  the  exponent  may  increase  to  values  over  2,  as 
pointed  out  by  Dr.  Steinmetz  himself.  At  high  induc- 
tions it  also  apparently  increases,  and  some  observers 
have  reported  values  of  over  5  for  silicon  steel  at  induc- 
tions above  16000  gausses. 

It  has  been  shown  by  synthetic  methods  that  this 
increase  of  exponent  is  due  very  largely  at  least  to  the 
fact  that  sheet  steel  is  covered  with  quite  an  appreciable 
thickness  of  scale.  This  scale  has  a  very  much  lower 
permeability  at  ordinary  inductions  than  the  steel  itself 
and  a  very  much  higher  hysteresis  coefficient.  At  high 
inductions  a  certain  percentage  of  the  flux  passes 
through  the  scale,  producing  a  very  considerably  in- 
creased hysteresis  loss. 

Some  tests  were  recently  made  to  establish  this  fact 
from  ring-shaped  silicon  steel  samples  by  pickling  in 
acid.  Iron-loss  curves  were  obtained  before  and  after 
pickling,  the  results  being  given  in  Figs.  2  and  3.  It  is 
evident  that  the  slope  of  the  double-log  curve  at  high 
inductions  is  very  materially  decreased  by  the  removal 
of  the  scale.  It  does  not,  however,  as  Mr.  J.  D.  Ball 
suggests,  remain  at  1.6,  but  shows  a  decided  increase. 

Finally,  the  1.6  law  does  not  hold  for  unsymmetrical 
hysteresis  loops.     An  empirical  law  developed  by  Mr. 
Ball  gives  the  relation  between  hysteresis  loss  and  in- 
duction for  displaced  hysteresis  loops  as  follows : — 
h  =  ir,  +  aBm'-')  B'-'' 

where  ij  is  a  constant  depending  on  the  nature  of  the  ma- 
terial. 
a  is  the  hysteresis  coefficient. 
Bm  ^  mean  induction  of  loop. 
B  =  one-half  the  difference  in  flux  density  between 
tips  of  the  loop. 

This  seems  to  hold  fairly  well  for  small  amplitudes 
of  the  displaced  loops,  but  does  not  hold  apparently  at 
the  higher  amplitudes."     This  matter  of  displaced  loops 


is  of  special  importance  when  dealing  with  the  subject 
of  pulsating  losses  in  the  teeth  of  rotating  machines. 

EFFECT  OF  FORM  FACTOR  OF  VOLTAGE  WAVE  ON  LOSSES 

Before  leaving  the  subject  of  the  laws  which  govern 
hysteresis  and  eddy-current  losses,  a  word  should  be 
said  concerning  the  effect  on  iron  losses  of  the  form 
factor  of  the  voltage  wave.  All  ordinary  magnetic  and 
electrical  formulae  assume  a  sine  wave  of  voltage  and 
current.  In  practice  this  wave  form  may  be  departed 
from  very  materially.  The  hysteresis  loss  in  magnetic 
material  is  proportional  to  the  maximum  value  of  the 
induction.  This  in  turn  is  proportional  to  the  average 
value  of  the  periodic  induced  voltage  wave  or  inversely 
to  the  form  factor,*  since  the  form  factor  is  equal  to 
the  effective  value  of  the  voltage  divided  by  the  average 
value.  (This  value  for  a  sine  wave  is  approximately 
i.ii).  Therefore  for  a  given  root  mean  square  value 
of  voltage,  if  the  wave  form  be  peaked  the  form  factor 
will  be  high  and  the  hysteresis  losses  will  be  low.  For  a 
flat  voltage  wave  the  form  factor  will  be  low  and  the 
hysteresis  loss  will  be  high. 

This  same  result  may  be  arrived  at  in  a  different 
way.  The  flux  wave  is  the  integral  of  the  voltage  wave. 
If  a  peaked  voltage  wave  be  integrated  the  result  will  be 
a  flat  flux  wave.  If  the  flux  wave  is  flat  its  maximum 
value  will  be  lower  than  if  it  is  a  sine  for  equal  r.m.s. 
values  of  voltage.  This  means  that  the  maximum  in- 
duction, and  hence  hysteresis  loss,  will  be  low.  But  a 
flat  voltage  wave  produces  a  peaked  flux  wave  and  a 
correspondingly  high  hysteresis  loss. 
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FIG.    3 — DOUBLE-LOG   CURVE   OF    HYSTERESIS   LOSS 

Same  samples  as  in  Fig.  2.    The  numbers  indicate  the  hysteresis 
exponents  at  the  given  points  on  the  curve. 

The  eddy-current  loss  is  proportional  to  the  r.m.s. 
value  of  the  induced  voltage  wave  regardless  of  the 
wave  form.    It  is  because  of  these  facts  that  it  is  essen- 


tSee  paper  by  Messrs.  L.  W.  Chubb  and  T.  Spooner,  Trans. 
A.LB.E.,  October,  1915. 


*The  average  voltage  refers  to  the  average  of  the  instan- 
taneous values  of  the  voltage  for  one-half  a  cycle.  The  effective 
voltage  equals  the  square  root  of  the  mean  square  of  the  instan- 
taneous values  of  the  voltage  wave. 
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tial  in  making  accurate  tests  of  the  iron  losses  of  trans- 
formers that  a  voltage  wave  of  known  form  be  used  or 
else  an  iron  loss  voltmeter. 

KINDS    OF   SHEET    MATERIAL    AND   THEIR    PROPERTIES 

A — Open-Hearth  Steel 

I — Chemical    Composition  — •  Ordinary    open-hearth 
steel  used  for  electrical  purposes  contains  o.oi  to  i.o 
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FIG.   4 — EFI-ECT  OF   COMPRESSIOX   0.\   THE   PERMEABILITY   OF 
SILICON    STEEL 

percent  silicon,  verj'  little  carbon,  only  sufficient  manga- 
nese to  give  good  rolling  qualities,  and  has  the  phos- 
phorus, sulphur  and  other  impurities  reduced  as  low  as 
possible. 

2 — Uses — This  kind  of  steel  is  used  almost  exclu- 
sively in  motors  and  generators,  alternating-current 
magnets  and  other  devices  in  which  high  permeability 
is  more  important  than  low  losses. 

J — Range  of  Gages — The  thickness  of  sheets  may 
run  from  I2  mils  to  one-eighth  inch  or  more,  depending 
on  the  importance  of  keeping  the  eddy-current  losses 
low.  For  most  uses  the  thicknesses  will  be  between  14 
and  18  mils. 

4 — Hysteresis  Loss — The  average  hysteresis  loss  for 
open-hearth  steel  at  an  induction  of  10  000  gausses,  a 
frequency  of  60  cycles,  and  a  thickness  of  laminations 
of  about  14  mils,  is  of  the  order  of  two  watts  per  kilo- 
gram. 

5 — Eddy-Current  Losses  will  average  approximately 
30  percent  of  the  total  iron  losses  under  the  above  con- 
ditions. These  losses  are  those  occurring  in  the  indi- 
vidual sheets.  In  actual  machines  the  laminations  are 
pressed  together  so  tightly  that  (especially  if  there  are 
burrs  on  the  edges)  the  eddy-current  paths  are  in- 
creased, producing  eddy-current  losses  which  may  be 
much  in  excess  of  the  above  figure. 

6 — Insulation—In  order  that  the  eddy-current  losses 
may  not  be  excessive,  it  is  customary  in  motors,  gener- 
ators and  transformers  to  insulate  the  various  sheets  of 


steel  from  one  another  to  a  greater  or  less  degree.  In 
Europe  it  is  very  common  practice  to  coat  one  side  of 
each  sheet  with  paper.  This,  of  course,  cannot  be  done 
when  it  is  desired  to  anneal  the  material  after  punching 
or  shearing.  In  this  country  it  is  generally  customary 
to  apply  some  sort  of  enamel  or  insulating  compound  to 
both  sides  of  the  sheet  after  punching.  The  enamel  is 
superior  in  that  it  requires  a  less  space  than  the  paper 
coating.  In  some  cases  sheets  of  paper  are  placed  be" 
tween  punchings  at  stated  intervals  to  further  insure  a 
breaking  up  of  the  eddy-current  paths.  This  is  done 
only  when  the  laminations  are  subjected  to  heavy  pres- 
sures. 

7 — Permeability  varies  widely,  and  at  any  given  in- 
duction may  easily  be  100  percent  higher  for  one  lot  of 
steel  than  for  another  from  the  same  manufacturer  and 
of  approximately  the  same  composition.  The  maximum 
permeability  for  commercial  material  will  average,  pos- 
sibly between  5000  and  6000.  At  an  induction  of  16000 
gausses  a  fair  average  will  be  perhaps  500. 

S — Specific  Gravity  and  Space  Factor — The  average 
specific  gravity  is  taken  by  the  American  Society  for 
Testing  Materials  as  7.70.  On  this  basis  the  space 
factor  (ratio  of  actual  volume  to  volume  calculated  from 
weight  and  specific  gravity)  will  average  possibly  95 
percent,  depending  on  pressure,  insulation,  punching 
burrs,  scale,  etc. 

B — Silicon  Steel 

I — The  Cliemical  Composition  of  high  silicon  sheet 
steel  differs  from  the  open  hearth  only  in  that  the  silicon 
content  is  from  3.5  to  4.5  percent.     Commercial  silicon 
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FIG.  5 — EFFECT  OF  TENSION  ON  THE  PERMEABILITY  OF  SILICON   STEEL 

Steel  cannot  be  rolled  with  a  silicon  content  much  higher 
than  five  percent,  and  the  lowest  losses  are  obtained  with 
a  silicon  content  between  this  value  and  3.5  percent. 
Lower  percentages  of  silicon  may  be  used  for  certain 
applications,  but  only  the  high  silicon  steel  will  be  con- 
sidered in  this  discussion. 
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2 — Uses — Silicon  steel  is  used  principally  for  trans- 
former cores  where  low  losses  are  more  important  than 
high  permeability. 

J — Range  of  Gages — For  most  applications  silicon 
steel  will  be,  less  than  20  mils  thick,  with  an  average  of 
perhaps  14  mils.  In  a  few  cases  a  heavier  gage  may  be 
used  when  mechanical  stiffness  is  required. 
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FIG.    6 — EFFECT   OF   BENDING    AND    ANNEALING 

On  permeability  of  0.0125  inch,  laminated,  four  percent 
silicon  steel  rings. 

4 — Hysteresis  Loss — The  average  hysteresis  loss  is 
about  two-thirds  that  for  open-hearth  steel. 

5 — Eddy-Current  Losses — The  average  eddy-current 
losses  for  a  14  mil  sheet  are  perhaps  15  percent  of  the 
total  iron  losses  at  an  induction  of  5  =  10  000  gausses. 

7 — Permeability — The  same  remarks  as  to  variabil- 
ity apply  here  that  apply  to  open-hearth  steel.  The  maxi- 
mum permeability  will  average  perhaps  between  6000 
raid  7000.  At  an  induction  of  16000  gausses  a  fair 
average  will  be  perhaps  250. 

6' — Specific  Gravity  and  Space  Factor — The  average 
specific  gravity  is  taken  by  the  American  Society  for 
Testing  Materials  as  7.50.  The  average  space  factor  is 
about  90  percent. 

FACTORS    AFFECTING   MAGNETIC    PROPERTIES 

A — Clieiiiical  Composition 

I — Open-Hearth  Steel — In  general,  the  alloying  ele- 
ments which  occur  in  open-hearth  steel  are  kept  as  low 
as  possible,  as  most  substances  are  injurious  to  the  mag- 
netic qualities.  A  certain  percentage  of  silicon  may  be 
added  as  a  deoxidizer  and  to  increase  the  electrical  re- 
sistance, and  hence  reduce  the  eddy-current  losses.  A 
small  amount  of  manganese  or  similar  metal  may  be 
permissible  to  inii)rove  the  rolling  qualities  of  the  ma- 
terial without  much  harmful  effect  on  the  magnetic 
quality. 

2 — Silicon  Steel — The  silicon  content  has  a  three- 
fold purpose: — First,  it  greatly  increases  the  electrical 
resistance  of  the  steel  with  a  consequent  decrease  in  the 
eddy-current  losses  ;  second,  it  very  considerably  reduces 
the  hysteresis  losses;  and  third,  it  altogether  prevents 
aging.  The  low-induction  permeability  values  are 
somewhat  higher  on  the  average  than  for  open-hearth 


steel.  On  the  other  hand,  the  high-induction  perme- 
abilities are  very  appreciably  lower.  In  a  few  applica- 
tions, such  as  instrument  transformers  and  meters,  this 
high  permeability  at  low  inductions  is  of  considerable 
advantage.  In  general,  except  for  the  silicon,  the  st?el 
is  kept  as  pure  chemically  as  practical. 

B — Mechanical  Treatment 

I — Effect  of  Compression,  Tension  and  Bending — 
In  practical  applications  the  usual  stresses  met  with  are 
produced  by  bending.  The  individual  sheets  may  be 
.-lightly  bent  in  the  rolling  process  by  punching,  shear- 
ing, careless  handling,  or  during  the  annealing  process. 
When  placed  in  machines,  the  applied  pressure  tends  to 
straighten  out  these  bends,  thus  producing  stresses. 
Bending  may  be  considered  as  a  combination  of  pressure 
and  tension.  It  has  been  shown  by  a  number  of  ob- 
servers that  tension  has  a  comparatively  small  effect  on 
hysteresis  and  permeability,  under  certain  conditions 
producing  an  increase  and  under  others  a  decrease.  Pres- 
sure, on  the  other  hand,  produces  a  very  considerable  in- 
crease in  hysteresis  and  decrease  in  permeability,  as 
shown  in  Figs.  4  and  5,  due  to  Messrs.  Smith  and 
Sherman.  In  Fig.  6  are  shown  curves  obtained  some 
years  ago  on  a  ring  sample  which  was  bent  practically 
to  the  elastic  limit  and  finally  annealed  in  this  condition, 
and  in  Fig.  7  are  shown  the  corresponding  hysteresis 
loops.  The  bending  produced  a  considerable  increase  in 
the  area  of  the  hysteresis  loop  and  about  50  percent  de- 
crease in  permeability,  but  after  annealing  these  effects 
were  wiped  out.  In  fact,  after  annealing  a  lower 
hysteresis  loss  and  higher  permeability  was  obtained 
than  at  the  start,  just  as  would  have  been  the  case  had 
the  material  not  been  stressed  at  all.  Stresses  beyond 
the  elastic  limit  produce  similar  effects,  but  are  not  so 
easily  wiped  out  by  annealing.  The  eddy-current  losses 
are  not  appreciably  affected  by  stress,  since  the  resist- 
ance is  not  materially  changed. 
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FIG.    7 — HYSTERESIS    LOOPS    OF    BKNT    SAMPLE 

Same  sample  as  in  Fig.  6. 
- — Mechanical  Working,  Sucli  as  Shearing,  Ham- 
mering, Etc. — Shearing  and  punching  produce  a  hard- 
ening of  the  edges  which  increases  the  hysteresis  loss 
and  decreases  the  permeability.  Hammering,  bending 
with  a  permanent  set,  etc.,  produce  a  similar  result.  The 
original  magnetic  qualities  of  the  material  may  be  largely 
or  entirely  restored  by  proper  annealing. 
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3 — Effect  of  Direction  of  Grain — The  direction  of 
the  grain  produced  by  rolling  has  a  very  consider- 
able effect  on  the  hysteresis  and  permeability  of  sheet 
material.  In  general,  if  the  flux  is  parallel  to  the  direc- 
tion of  rolling,  the  hysteresis  loss  will  be  materially 
lower  and  the  permeability  materially  higher  than  if  the 
flux  is  at  right  angles  to  the  direction  of  grain.    It  has 

TABLE  I— PERCENT  WATT  LOSS  OF  P   AND  D   SAM- 
PLES WITH  RESPECT  TO  THE  LOSS  OF  THE 
SAMPLES  WITH  FLUX  PARALLEL 
TO  THE  GRAIN 


Treatment 

P 

D 

As  received 

First  Anneal 

Second  Anneal .... 

112. 0 

114. 2 

114. 9 

102.8 
105.6 
107.0 

been  found  in  the  case  of  silicon  steel  that  with  the  flu.x 
in  a  direction  at  45  degrees  with  the  grain,  the  hysteresis 
loss  lies  between  the  values  obtained  with  the  parallel 
and  right-angle  flux.  The  low-induction  permeability 
also  lies  between  these  values,  while  the  high-induction 
permeability  is  greater  than  either  with  a  parallel  or 
right-angle  direction  of  flux,  as  shown  in  Tables  I  and 
II,  in  which  P  represents  conditions  with  the  flux  at 
right  angles  with  the  direction  of  the  grain,  and  D  rep- 
resents conditions  with  the  flux  at  45  degrees  with  the 
direction  of  the  grain.  This  increase  of  loss,  due  to  the 
direction  of  grain,  is  simply  a  change  in  hysteresis  loss 
and  cannot  be  due  to  an  increase  or  a  change  in  eddy- 
current  loss,  since  no  appreciable  dift'erence  of  resistance 
can  be  found  between  the  parallel  and  right-angle  direc- 
tion of  grain. 

C — Heat  Treatment 

I — Aging — If  a  sample  of  open-hearth  steel  is  held 
at  100  degrees  C.  for  a  few  days  it  will  be  found  that 
the  iron  loss  has  increased  quite  appreciably.     This  is 

TABLE   II— PERCENT   PERMEABILITY   OF  P   AND   D 
SAMPLES   WITH    RESPECT   TO   THE   PERMEA- 
BILITY OF  THE  SAMPLES  WITH   FLUX 
PARALLEL  TO  THE  GRAIN 


Treatment 

B  =  6  000 

B  =  10  000 

B  =  16  000 

P 

Z) 

P 

D 

P 

D 

As  Received 

First  Anneal .... 
Second  Anneal . . . 

71.0 
80.7 
73-8 

87. 8 
85.5 
82.2 

70.4 
71.7 
66.8 

94.6 
87.0 
85.1 

76.2 
72.2 
76.0 

113. 2 
no. 2 
105.0 

due  to  a  change  in  the  hysteresis  loss,  with  little  or  no 
change  in  eddy-current  loss.  When  aging  was  first 
observed,  and  in  fact  until  silicon  steel  came  into  use, 
no  steel  was  found  which  was  non-aging.  This  effect 
becomes  prominent  only  as  a  temperature  of  100  degrees 
C.  is  approached.  For  the  early  electrical  steel,  increase 
in  loss  for  material  held  at  this  temperature  for  thirty 
days  would  average  possibly  10  percent,  and  there  are 
cases  on  record  where  the  aging  exceeded  100  percent. 
The  aging  for  high  silicon  steel  is  practically  zero,  and 


in  some  instances  may  be  even  slightly  negative.  The 
aging  for  modern  electrical  open-hearth  steel  will  aver- 
age not  more  than  two  or  three  percent.  When  a 
hysteresis  aging  effect  occurs,  a  corresponding  reduction 
of  the  permeability  may  be  expected. 
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FIG.  8 — EFFECT  OF  TEMPER.^TURE  ON  HYSTERESIS  LOOPS  OF 
OPEN-HE.\RTH    STEEI, 

.? — Temperature  Coefficient — -The  effect  of  a  change 
in  temperature  on  iron  loss  and  permeability  is  as  fol- 
lows : — -The  hysteresis  exponent  is  practically  unaffected 
by  the  temperature  up  to  the  nonmagnetic  point  (i.  e., 
the  temperature  where  the  iron  ceases  to  be  magnetic). 
Hysteresis  loops  taken  at  various  temperatures,  in  gen- 
eral, show  a  slowly  decreasing  hysteresis  loss  with  in- 
creasing temperature  until  near  the  critical  temperature, 
when  the  losses  decrease  rapidly  to  nearly  zero.  The 
permeability  also  decreases  at  first  slowly  with  increas- 
ing temperature,  and  then  very  rapidly  as  it  approaches 
the  non-magnetic  point.  At  some  inductions  the  per- 
meability may  increase  slightly  for  a  few  hundred  de- 
grees and  then  decrease.  Hysteresis  loops  and  temper- 
ature loss  curves  on  open-hearth  steel  are  shown  in  Figs. 
S  and  9.    These  tests  were  made  by  Mr.  MacLaren  on 
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FIG.   9 — EFFECT  OF   TEMPER.VTURE  O.X    HYSTERESIS   LOSS   IN 
0PEN-HE.\RTH    STEEL 

The  effect  of  aging  is  shown  by  the  increase  in  hysteresis  loss 

which  occurred  while  the  temperature  was  held  constant 

at  186  degrees  during  15.5  hours. 

both  open-hearth  and  silicon  steel  samples,  and  both 
kinds  of  material  show  similar  characteristics.  The 
non-magnetic  point  on  MacLaren's  silicon  steel  oc- 
curred   at    about    750   degrees.     Values    for    the    non- 
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magnetic  point  of  four  percent  silicon  steel  have  been 
found  by  the  author,  using  alternating  current,  at  about 
735  degrees  C. 

The  eddy-current  losses  are,  in  general,  a  function 
of  the  resistance,  and  consequently  decrease  with  in- 
creasing temperature. 

J — Annealing — When  sheet  steel  first  comes  from 
the  rolls  its  hysteresis  loss  is  very  high  and  its  maximum 
permeability  very  low.  It  is  always  thoroughly  annealed 
before  being  used  in  electrical  apparatus.  This  anneal- 
ing may  decrease  the  hysteresis  loss  by  80  percent  or 
more  and  increase  the  maximum  permeability  by  several 
hundred  percent.  The  permeability  at  high  inductions 
is,  in  general,  decreased  by  this  initial  annealing.  Punch- 
ings  for  motors  and  generators  usually  receive  no  fur- 
ther annealing.  Material  for  transformers,  where  it  is 
important  to  obtain  low  losses,  is  carefully  annealed 
after  punching.  This  second  annealing  relieves  strains 
set  up  by  the  punching  or  shearing  processes,  and 
thereby  reduces  the  losses  and  increases  the  maximum 
permeability.  The  permeability  at  high  inductions  may 
or  may  not  be  improved  by  this  second  annealing,  de- 
pending on  the  character  of  the  annealing  cycle. 


I'lG.    10 — EPSTEIN  I  -    luR   WATT    LOSS    TESTS 

A  few  years  ago  some  investigations  were  made  on 
the  effect  of  annealing  in  alternating  magnetic  fields, 
and  it  was  found  that  it  was  possible  by  this  treatment 
to  very  considerably  increase  the  maximum  permeability 
and  somewhat  decrease  the  watt  loss. 

METHODS  OF  TESTING 

The  most  general  method  of  testing  for  the  watt  loss 
(combined  hysteresis  and  eddy-current  losses)  of  com- 
mercial material  used  is  that  developed  by  Mr.  J.  Ep- 
stein. It  has  been  adopted  by  the  American  Society  for 
Testing  Materials;  by  the  Bureau  of  Standards  in  a 
modified  form,  and  by  several  foreign  countries.  The 
apparatus  consists  of  four  coils  placed  in  a  rectangle, 
Fig.  10,  each  wound  with  two  layers  of  wire,  one  a  pri- 
mary and  one  a  secondary.  The  sample  to  be  tested  (ac- 
cording to  the  specifications  of  the  A.S.T.M.)  consists  of 
four  bundles  of  sheet  material  weighing  together  10 
kilograms.  The  strips  of  which  the  bundles  are  com- 
posed are  50  by  3  centimeters.  Each  sample  is  sheared 
from  one  or  more  sheets  and  enough  samples  are  taken 
to  give  a  representative  test  of  the  particular  lot  of  steel 
in  question.  If  the  material  is  to  be  annealed  after 
punching,  the  sample  should  be  annealed  before  testing. 
The  primary  winding  of  the  coils  is  connected  through 


the  series  coil  of  the  wattmeter.  Fig.  11,  to  a  source  of 
60  cycle  current.  The  secondary  winding  is  connected 
to  the  potential  circuit  of  the  wattmeter  and  to  a  volt- 
meter. Tests  are  usually  made  at  a  standard  induction 
of   10  000  gausses,  and  the  voltage  supply  is  adjusted 


uiotraoslonnor 


FIG.    II — DIACRAir    or    CONNECTIONS    FOR   EPSTEIN   TEST 

until  the   voltmeter   reads  the  proper  value,  as   deter- 
mined by  the  formula  : — 

4fXnBM 
^  —      4lDio'' 
where  /  ^  form  factor  ^  1. 11. 

A''  =  secondary  turns  =  600. 
n  =  cycles  per  second  :=  60. 
B  =  maximum  induction  =  lO  000. 
M  =  mass  in  grams  :=  10  000. 

I  =  length  of  strips  =  50  cm. 
D  =  specific  gravity,  =  7.5  for  silicon  steel;  =  7-7  for 
open-hearth  steel. 
The  wattmeter  is  then  read,  the  losses  in  the  volt- 
meter and  shunt  circuit  of  the  wattmeter  (unless  com- 
pensated)   are  subtracted  from  the  wattmeter  reading 
and  the  result  is  divided  by  10.    This  gives  the  watts  per 
kilogram  for  the  sample  at  an  induction  of  5  =  to  000 
and  a  frequency  of  60  cycles. 

Permeability  Tests — The  method  for  making  per- 
meability tests  adopted  by  the  Bureau  of  Standards  and 
the  A.S.T.M.  is  that  developed  by  Dr.  C.  W.  Burrows. 
This  method  gives  much  more  accurate  absolute  results 
than  can  be  obtained  from  any  of  the  commercial  per- 
meameters  on  the  market.  Its  advantage  over  the  ring 
method  is  that  it  makes  use  of  straight  samples  which 
can  be  quickly  inserted  in  coils  already  prepared  for  the 
purpose.  In  order  to  explain  the  method,  the  ordinary 
ballistic  ring  method  will  be  described  first  and  then  the 
Burrows  method  developed  from  that. 

Theory — If  current  from  a  battery  B-i,  Fig.  12, 
passes  through  a  magnetizing  winding  f  on  a  ring  of 
magnetic  material  and  is  reversed  by  the  switch  S-i, 
voltage  will  be  induced  in  a  secondary  winding  S,  which 
will  produce  a  deflection  of  the  ballistic  galvanometer  G. 


FIG.    12 — BALLISTIC    RING    METHOD   OF   TESTING    PERMEABILITY 

This  deflection  will  be  proportional  to  the  maximum  in- 
duction in  the  ring,  or  to  the  total  change  in  the  magnetic 
linkages  between  secondary  turns  and  magnetic  flux. 
This,  in  brief,  is  the  ordinary  method  of  obtaining  mag- 
netization curves  on  ring  samples  ballistically. 
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Suppose  now  that  the  secondary  e.m.f.  of  the  ring 
is  opposed  by  an  e.m.f.  set  up  by  an  equal  change  in 
magnetic  linkages  in  another  coil  connected  in  series.  In 
this  case  the  galvanometer  will  not  be  deflected.  An  ar- 
rangement for  doing  this  is  shown  in  Fig.  13,  where 
B-2  and  S-2  are  an  additional  battery  and  reversing 
switch  connected  in  series  with  the  primary  of  a  variable 
mutual  inductance  M.  (The  mutual  inductance  is  varied 
by  changing  the  position  of  the  secondary  with  respect 


FIG.    13 — NULL   RE.\D[NC    METHOD   OF   I!.\LLISTIC    RIN'C 
PERME.\BIL1TY   TESTING 

to  the  primary).  If  switches  S-i  and  S-2  are  reversed 
simultaneously  and  M  varied  until  the  galvanometer 
does  not  deflect  on  reversal  of  the  primary  currents,  the 
value  of  the  mutual  inductance  of  M  will  be  directly 
proportional  to  the  magnetic  induction  in  the  ring,  and 
the  actual  value  of  this  induction  may  be  figured  from  a 
knowledge  of  the  constants  of  the  ring  sample  and  of  the 
primary  current,  and  the  calibration  of  the  mutual  in- 
ductance. The  reading  of  the  ammeter  A-i,  of  course, 
enables  H  to  be  figured. 

If,  instead  of  a  ring  sample,  straight  rods  (or  sheets) 
are  to  be  tested,  the  following  method  is  resorted  to : — 
In  Fig.  14(a),  B-i  and  B-2  are  two  bars,  B-i  being  the 
one  under  test.  YY  are  iron  yokes  into  which  the  bars 
are  clamped,  D-i  and  D-2  are  magnetizing  coils,  and 
C  C  C  C  are  compensating  coils.  In  Fig.  14(b),  /  and 
2  are  exploring  coils  with  exactly  the  same  number  of 
turns;  j  and  5  are  also  exploring  coils  connected  per- 
manently in  series,  each  with  one-half  the  number  of 
turns  of  I  or  2.  Suppose  now  that  coils  /  and  2  are 
connected  in  series  opposition  through  a  galvanometer, 
and  that  current  passes  through  D-i  and  D-2  and  is  sud- 
denly reversed.  If  the  fluxes  through  the  coils  i  and  2 
are  not  equal  (caused  by  either  a  dift'erence  in  current  or 
permeability,  or  both),  a  deflection  of  the  galvanometer 
will  be  produced.  If  the  current  in  the  two  magnetizing 
coils  is  then  adjusted  so  that  on  reversal  the  galvan- 
ometer is  not  deflected,  the  flux  passing  through  B-i  and 
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FIG.    14 — BURROWS    METHOD   OF   PERMEABILITY   TESTING 

The  windings  shown  in  (a)  are  primarj'.  and  those  in   (b)   are 

secondary  windings,  shown  separately  for  clarity.     In 

actual  test,  the  primary  and  secondary  are', 

of  course,  wound  on  the  same  core. 

B-2  at  the  middle  points  will  be  equal.  Now  suppose 
coils  5  are  connected  in  series  opposition  with  coil  i, 
and  the  current  in  D-i  and  D-2  reversed;  a  deflection 
will  be  produced  in  the  galvanometer  due  to  the  fact  that 


some  of  the  flux  which  passed  through  the  rod  at  the 
center  has  leaked  out  into  the  air  toward  the  ends.  If 
current  is  applied  to  the  compensating  coils  C  C  C  C 
(connected  in  series),  it  may  be  so  adjusted  that  on  re- 
versing it.  together  with  the  currents  in  the  coils  D-i 
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FIG.    15 — MODIFIED    BURROWS    PER. ME.\  METER,   .\SSEMBLED    FOR   TEST 

and  D-2,  no  deflection  of  the  galvanometer  will  occur. 
With  the  exploring  coils  thus  located  and  the  adjust- 
ment made  as  above  stated,  the  flux  along  the  rod  will 
he  sufficiently  uniform  for  all  testing  purposes.  The 
comijcnsating  coils  C  C  C  C  supply  only  enough  mag- 
netomotive force  to  compensate  for  the  reluctance  of 
the  yokes  and  joints.  After  the  balances  are  made,  coil 
/  is  connected  to  the  galvanometer  through  the  second- 
ary of  the  variable  mutual  inductance  (mentioned 
above),  the  two  magnetizing  currents,  the  compensating 
current,  and  the  primary  of  the  mutual  inductance  are 
reversed  simultaneously,  and  the  mutual  inductance  ad- 
justed until,  on  reversal,  the  minimum  deflection  of  the 
galvanometer  is  produced.  By  applying  the  proper  con- 
stants, the  induction  B  may  be  figured  from  the  reading- 
on  the  scale  of  the  mutual  inductance ;  //  is  proportional 
to  the  current  in  the  coil  D-i.  The  currents  in  coils  D-2 
and  C  C  C  C  do  not  need  to  be  known.  There  are  many 
possible  modifications  of  this  procedure,  but  the  above 
is  typical.  Fig.  15  shows  a  modified  Burrows  permea- 
meter  assembled. 

SEP.ARATIOX   OK   LOSSES 

It  is  sometimes  desirable  to  separate  the  hysteresis 
and    eddy  -  current    losses. 
There  are  several  well-known 
methods  of  doing  this. 

Multifrcquency  Method — 
The  most  common  method  of 
separating  losses  is  perhaps 
the  multifrcquency  method. 
Watt-loss  tests  are  made  at 
two  or  more  frequencies.  The 
resulting  watt-loss  values  are  divided  by  the  corre- 
sponding frequencies  and  plotted  against  frequency,  as 
shown  in  Fig.  16.  The  point  at  which  the  curve  ex- 
tended meets  the  X  axis  gives  the  hysteresis  loss  per 
cycle.     This  relation  between  watts  per  cycle  and  fre- 
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FIG.     16  —  SEPARATION     OF 
HYSTERESIS    AND    EDDY- 
CURRENT    LOSSES    BY    THE 
TWO-FREQUENCY 
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quency  is  practically  a  straight  line  up  to  90  cycles,  and 
results  below  that  frequency,  if  properly  obtained, 
should  give  accurate  values. 

If  the  iron  losses  are  known  at  say  30  and  60  cycles, 
the  corresponding  hysteresis  and  eddy-current  losses  at 
60  cycles  may  be  calculated  as  follows : — 

V6^~\~^~^^n^l  60  =  hysteresis  loss  (ITh) 
H'co  —  U'h  =  We  (eddy-current  loss). 


where 

Wm  =  total  watt  loss  at  given  induction  and  60  cycles. 
Wm  =  total  watt  loss  at  given  induction  and  30  cycles. 
Wh  =  hysteresis  loss  at  60  cycles. 
We  =  eddy-current  loss  at  60  cycles. 

Tzvo-Form  Factor  Method — If  it  is  possible  to  vary 
the  form  factor  and  measure  the  average  and  root- 
mean-square  voltage  of  the  testing  circuit,  a  very  ac- 
curate separation  of  losses  may  be  obtained  as  fol- 
lows : — 

Measure  the  iron  loss  with  a  sine  wave  voltage  of  the 
proper  value  to  give  the  desired  induction.  Increase  or 
decrease  the  form  factor  as  far  as  desired,  keeping  the 
average  value  of  the  voltage  (and  consequently  the 
maximum  induction)  constant  and  read  the  iron  loss  of 
the  sample  and  the  root-mean-square  voltage.  The 
change  in  iron  loss  will  be  the  change  in  eddy-current 
loss  since  the  maximum  induction,  and  consequently  the 
hysteresis  loss  is  kept  constant.  This  variation  of  form 
factor  may  be  obtained  most  conveniently  perhaps  by 
introducing  a  third  harmonic  into  the  voltage  wave.  The 
values  of  the  hysteresis  and  eddy-current  losses  are  cal- 
culated thus : — 

Wd  -  Wh 


Wh  =  Ws  -  PFe 
where 

Wd  =  iron  loss  with  distorted  wave. 

Ws  =  iron  loss  with  sine  wave. 

Wh  =  hysteresis  loss. 

We  =  eddy-current  loss  with  sine  wave. 

Ed  =  distorted  r.m.s.  voltage. 

£8  =  sine  r.m.s.  voltage. 

Tu'0-litduction  Method — With  iron  loss  tests  made 
at  two  inductions,  B^  and  B^,  and  on  the  assumption  that 
the  hysteresis  loss  varies  as  the  1.6  power  of  the  induc- 
tion and  the  eddy-current  losses  by  the  square,  the 
hysteresis  and  eddy-current  losses  may  be  calculated 
thus : — 

M-'h  +  Tl'e  =  Wi 


{w-^A^y='^-^ 


where  Wh  and  We  are  the  hysteresis  and  eddy-current  losses  cor- 
responding to  Bi  and  W\. 

These  simultaneous  equations  may  be  solved  for 
Wh  and  We.     It  is  obvious  that  the  voltages  may  be 


substituted  for  the  inductions.  By  and  B«.     If  the  in- 
duction Bi  is  one  half  the  induction  S2  the  simultaneous 
equations  reduce  to  the  following : — 
4W,-Wi 

Ballistic  Method— Jn  this  method  the  hysteresis  loss 
is  determined  by  obtaining  a  hysteresis  loop  by  a  ballistic 
or  similar  method.  The  hysteresis  loss  at  the  required 
frequency  is  calculated  in  watts  per  kilogram  by  the  fol- 
lowing formula,  assuming  that  the  induction  is  plotted 
in  gausses  and  the  magnetizing  force  in  gilberts  per 
centimeter.  The  total  iron  loss  is  obtained  by  an  alter- 
nating-current method  at  the  same  maximum  induc- 
tion : — • 

A  X  K  Xf  X  Wl 

^^'''    ~   sp.gr.X4X-^X  10' 
where 

A   =   area  of  loop. 

K  =  constant  depending  on  the  scales  used  in  plotting  the 
loop,  =  the  product  of  ordinate  and  abscissae  scales 
times  the  area  of  the  loop  to  the  same  scale.  That  is 
if  5  =  1000  per  inch  and  H  =  \oo  per  inch,  K  =  100 
X  1000  X  A  in  square  inches. 
/  =  cycles  per  second. 
Wt  =   weight  of  sample  in  grams. 

The  hysteresis  loss  calculated  by  the  above  formula 
and  subtracted  from  this  total  loss  gives  the  eddy- 
current  loss. 
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Walter  V.  Turner 

THE  following  article  is  based  on  an  address  delivered  before  the  engineering,  sales  and  field  corps  of  the 
Westinghouse  Air  Brake  Company  by  Mr.  Turner,  who  has  been  connected  with  the  company  since  1903  as 
mechanical  engineer,  as  chief  engineer,  and  as  assistant  manager  and  manager  of  engineering.  Co-operation 
has  been  discussed  from  many  points  of  view,  but  the  present  contribution  treats  the  subject  from  a  still 
diflferent  and  intensely  practical  angle. — [Ed.] 


CO-OPERATION  in  engineering  matters,  under 
tactful  management,  can  and  should  be  made  to 
result  in  harmony,  good  will  and  an  almost  com- 
plete understanding  of  one  another's  capabilities  and 
limitations.  Unity  of  purpose  and  action  is  essential  to 
the  success  of  any  business,  since  few  things  do  more  to 
retard  the  progress  of  a  business  than  lack  of  intelligent 
co-operation  among  co-workers.  Many  things  make  for 
co-operation,  but  I  have  chosen  only  those  which  may 
seem  to  be  least  considered  and,  by  many,  to  be  of  least 
importance. 

Engineering  is  an  exact  science,  and  therefore  I  de- 
sire to  impress  upon  you — not  that  empirics  should  be 
left  out  of  consideration,  but  rather  that  they  should  not 
be  set  up  in  place  of  facts  or  be  considered  as  a  basis  for 
either  throwing  out  a  proposed  method  or  for  spending 
a  lot  of  time  and  money  before  they  have  been  reduced 
to  the  nearest  approach  to  knowledge  possible.  The 
effort  to  co-operate  which  manifests  itself  in  a  desire  to 
settle  theories  and  laws  of  mechanics  and  establish  nat- 
ural laws  by  a  vote  on  the  subject  is  very  annoying,  to 
say  the  least,  as  the  process  is  not  always  discoverable  to 
those  who  have  to  O.K.  the  recommendation. 

The  man  with  a  new  thought  or  idea  usually  is  in 
minority  when  he  first  attempts  to  upset  the  existing 
state  of  things,  and  he  must  expect,  and  will  find,  that 
the  burden  of  proof  is  on  him.  Therefore,  for  the  time 
being,  he  may  be  in  a  minority  but,  if  he  has  a  good  case, 
with  persistence  and  aggressiveness,  he  is  bound  to 
turn  the  minority  into  a  majority — but  it  takes  grit.  Do 
not  be  afraid  of  a  vote,  for  nothing  is  every  really  settled 
until  it  is  settled  right.  But  be  on  your  guard  against 
doubts — the  cheapest  of  all  intellectual  output — since 
doubt  does  not  call  for  proof  or  knowledge,  either  for 
or  against,  while  affirmation  or  denial  must  qualify  in 
both.  My  objection  against  the  expression  of  a  doubt  in 
connection  with  a  given  proposition  arises  from  the  fact 
that  it  is  often  taken,  by  those  who  are  likely  to  have  a 
vote  in  the  final  settlement  of  the  question,  as  a  doubt 
of  the  merits  of  the  apparatus  or  project  under  consider- 
ation, whereas  doubt,  so  expressed,  is  often  merely  evi- 
dence that  the  doubter  is  uncertain  of  his  own  knowl- 
edge or  competency  to  pass  judgment  upon  the  matter 
in  hand.  An  expression  of  doubt  is  susceptible  of  so 
many  interpretations  that  all  doubters  should  be  counted 
out  until  their  position  is  defined. 

One  who  possesses  the  true  spirit  of  co-operation 
will  be  careful  not  to  reason  from  the  general  to  the 
special,  nor  from  the  special  to  the  general ;  neither  will 
he  reason  from  the  special  to  the  special.    He  will  make 


sure  he  has  facts,  that  these  facts  have  a  real  relation 
to  the  matter  in  hand,  that  he  has  not  unconsciously  re- 
sorted to  equivocation  in  his  statements  and,  lastly,  that 
the  reasons  he  sets  forth  are  sufficient ;  for  everything 
may  be  as  he  states,  and  yet  there  may  be  good  and 
sufficient  reasons  for  permitting  things  to  remain  as 
they  are. 

Co-operation  in  broad  general  engineering  problems 
may  be  manifested  in  many  ways  but,  to  have  its  great- 
est value,  must  involve  an  intimate  knowledge  of  the 
problem  in  hand,  which  covers  conditions,  limitations 
and  the  possible  means  that  may  be  employed  to  work  it 
out ;  these  alone  are  sufficient  to  cause  reflection  and  a 
conviction  that  the  problem  is  not  an  easy  one.  With 
this  in  mind  you  will  appreciate  that  when  co-operation 
takes  the  form  of  supplying  information,  it  is  impera- 
tive that  great  care  be  used  both  in  obtaining  and  trans- 
mitting it.  In  engineering  matters,  it  is  important  to 
err  on  the  side  of  the  redundant  rather  than  insufficient 
information  for,  while  conciseness  is  to  be  desired,  too 
much  effort  in  this  direction  may  result  in  the  informa- 
tion being  obscure  and  open  to  misconstruction.  Be  sure 
to  write  or  state  your  case  so  that,  if  not  understood,  it 
cannot  be  misunderstood.  It  is  difficult  to  contribute  the 
co-operation  intended  if  what  is  expressed  is  open  to 
optional  interpretation.  Moreover,  often  through  this 
misunderstanding,  it  may  be  thought  that  suggestions 
and  recommendations  have  not  received  proper  consid- 
eration which,  in  turn,  tends  to  discourage  such  eflforts. 
Co-operation  and  co-operators  are  best  served  by  infor- 
mation that  is  reliable,  definite,  accurate  and  complete. 
When  co-operation  takes  the  form  of  setting  forth  of 
experience,  it  is  important  that  this  be  real  experience 
and  not  merely  observation.  Many  quote  their  experi- 
ence, that  is,  they  have  encountered  this  or  that — mere 
accidents  and  exceptions  to  the  rule — as  being  conclusive 
for  or  against.  Experience  should  disqualify  when  it 
has  gone  no  fuither  than  observation.  Observation  fol- 
lowed by  sufficient  experiment  to  produce  verification  is 
what  shall  count  as  experience.  It  requires  more  than 
one  observation  to  make  an  experience  and  a  number 
of  experiences  to  establish  a  reason.  Experience  to  be  of 
any  value  in  co-operation  must  be  of  a  character  that  is 
reached  by  the  process  of  observation,  hypothesis  or  de- 
duction, then  inductive  reasoning  and  finally  verification. 

One  of  the  most  embarassing  forms  of  co-operation 
is  the  expressing  or  offering  of  opinions.  "In  my  opin- 
ion this  should  be  done  or  that  not  be  done,"  and  often 
it  is  not  even  thought  necessary  that  a  reason  should  be 
given  to  show  from  what  these  opinions  were  deduced. 
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Opinions  have  their  proper  place,  no  doubt — in  meta- 
physics or  matters  of  poHcy — but  I  have  not  found  much 
use  for  them  in  evolving  or  designing  air  brakes.  There 
should  be  no  opinions  where  there  is  material  for  judg- 
ment or  means  for  obtaining  facts.  This  is  all  the  more 
apparent  when  we  consider  that  opinions  are  generally 
expressed  against  and  seldom  for  a  project.  Perhaps 
this  is  significant.  I  dread  literal  opinions  worse  than  a 
burnt  child  dreads  the  fire — for  those  who  express 
them  feel  in  duty  bound  to  defend  them,  or  at  least  to 
have  them  prevail,  and  often  we  imagine  that  our  repu- 
tation is  at  stake  and  therefore  labor  as  earnestly  for  a 
vote  of  confidence  as  we  should  for  information.  This 
characteristic  of  human  nature  is  well  illustrated  by 
Gil  Bias  in  the  following  paragraph  :— 

"As  soon  as  we  were  at  liberty,  we  returned  to  our  masters. 
Doctor  Sangrado  received  me  kindly.  'My  poor  Gil  Bias,"  said 
he,  'it  was  but  this  morning  I  was  acquainted  with  thy  misfor- 
tune. I  was  just  setting  about  an  active  canvass  for  thee.  We 
must  derive  comfort  from  adversity,  my  friend,  and  attach 
ourselves  more  than  ever  to  the  practice  of  physic'  I  affirmed 
that  to  be  my  intention ;  and  in  truth  I  laid  about  me.  Far 
from  wanting  employment,  it  happened  by  a  kind  providence, 
as  my  master  had  foretold,  to  be  a  very  sickly  season.  The 
smallpox  and  a  malignant  fever  took  alternate  possession  of 
the  town  and  suburbs.  All  the  physicians  in  Valladolid  had 
their  share  of  business,  and  we  not  the  least.  We  saw  eight  or 
ten  patients  in  a  day;  so  that  the  kettle  was  kept  on  the  sim- 
mer, and  the  blood  in  the  action  of  transpiring.  But  things 
will  happen  cross ;  they  died  to  a  man,  either  by  our  fault  or 
their  own.  If  their  case  was  hopeless,  we  were  not  to  blame; 
and  if  it  was  not  hopeless,  they  were.  Three  visits  to  a  patient 
was  the  length  of  our  tether.  About  the  second,  we  sometimes 
ran  foul  of  the  undertaker;  or  when  we  had  been  more  for- 
tunate than  usual,  the  patient  had  got  no  further  than  the 
point  of  death.  As  I  was  but  a  young  physician,  not  yet  hard- 
ened to  the  trade  of  an  assassin,  I  grieved  over  the  melan- 
choly issue  of  my  own  theory  and  practice.  'Sir,'  said  I,  one 
evening  to  Doctor  Sangrado,  'I  call  heaven  to  witness  on  the 
spot  that  I  never  strayed  from  your  infallible  method;  and  yet 
I  have  never  saved  a  patient ;  one  would  think  they  died  out  of 
spite,  and  were  on  the  other  side  of  the  great  medical  question. 
This  very  day  I  came  across  two  of  them,  going  to  the  country 
to  be  buried.'  'My  good  lad,'  replied  he,  'my  experience  nearly 
comes  to  the  same  point.  It  is  but  seldom  I  have  the  pleasure 
of  curing  my  kins  and  partial  friends.  If  I  had  less  confidence 
in  my  principles,  I  should  think  my  prescriptions  had  set  their 
faces  against  the  work  they  were  intended  to  perform.'  'If  you 
will  take  a  hint.  Sir,'  replied  I,  'we  had  better  vary  our  system. 
Let  us  give,  by  way  of  experiment,  chemical  preparations  to  our 
patients;  the  worst  they  can  do  is  to  tread  in  the  steps  of  our 
pure  dilutions  and  our  phlebotomizing  evacuations.'  'I  would 
willingly  give  it  a  trial,'  rejoined  he,  'if  it  were  a  matter  of  in- 
difference, but  I  have  published  on  the  practice  of  bleeding  and 
the  use  of  drenches;  would  you  have  me  cut  the  throat  of  my 
own  fame  as  an  author?'  'Oh!  you  are  in  the  right,'  resumed  I; 
our  enemies  must  not  gain  this  triumph  over  us ;  they  would  say 
you  are  out  of  conceit  with  your  own  system  and  would  ruin  your 
reputation  for  consistency !     But  let  us  go  on  in  the  old  path !" 

When  we  are  in  this  state  of  mind,  evidence  and  even 
facts  to  the  contrary  are  ignored  or  overlooked,  and 
every  notion,  idea  and  experience  that  appears  to  bolster 
up  our  side  is  seized  upon  and  paraded  forth  as  proof, 
as  though  everyone  was  subjectively  as  susceptible  as 
the  self-subsidized  subject  of  the  delusion.  We  are  very 
diligent  under  such  circumstances  in  hunting  arguments 
to  favor  our  side  of  the  case ;  also  very  certain  to  neglect 
and  refuse  that  which  favors  the  other  side ;  and  such  is 
human  nature  that  most  of  us  may  often  honestly  and 
perhaps  unconsciously  be  guilty  of  this,  for  reinember, 
what  we  believe  is  to  us  that  which  exists  and  is  a 
reality. 


Opinions  are  thus  characterized  with  respect  to  co- 
operation in  mechanics,  because  they  should  have  but  a 
minor,  if  any,  place  there.  The  word  opinion  is  used  as 
meaning  also  a  little  more  than  the  true  definition  of 
this  word,  extending  it  to  cover  belief  also,  as  this  is 
commonly  intended.  This  has  been  done,  since  neither 
furnish  much  that  is  substantial  upon  which  to  work  or 
reply.  The  difference  between  opinion,  belief  and 
knowledge  can  perhaps  best  be  measured  by  their  bet- 
ting value  to  the  individual.  If  it  is  an  opinion,  he  will 
bet  a  dollar  on  it — perhaps.  If  it  is  a  belief  he  will  bet 
ten  dollars — for  sure.  But  if  he  knows  it  and  is  an 
honest  man,  he  will  not  bet  at  all,  for  he  does  not  want 
to  take  the  other  fellow's  money.  A  man  may  be  so  sure 
of  his  position  that  he  expresses  his  opinions  both  em- 
phatically and  with  great  assurance,  but  the  offer  of  a 
bet  startles  him  and  raises  a  question,  and  we  see  him 
take  an  inventory  of  his  position,  and  on  that,  which 
before  had  all  the  value  of  a  fact,  he  will  not  now  risk 
a  dollar — he  becomes  aware  that  he  may  be  mistaken, 
the  possibility  of  which  before  he  had  not  observed. 

From  what  has  been  said,  it  should  be  clear  that  very 
little  working  material  is  furnished  if  one  can  go  no  fur- 
ther than  opinion  or  belief.  One  may  hold  for  true  many 
things  that  will  not  stand  even  questioning.  Kant  in  his 
"Critique  of  Pure  Reason"  has  said : — 

"Holding  for  true,  or  the  subjective  validity  of  a  judgment 
in  relation  to  conviction  (which  is,  at  the  same  time,  objectively 
valid)  has  the  three  following  degrees, — opinion,  belief  and 
knowledge.  Opinion  is  a  consciously  insufficient  judgment,  sub- 
jectively as  well  as  objectively.  Belief  is  subjectively  sufficient, 
but  is  recognized  as  being  objectively  insufficient.  Knowledge 
is  both  subjectively  and  objectively  sufficient.  Opinion  has  no 
real  standing.  Subjective  sufficiency  is  termed  conviction  (for 
myself)  ;  objective  sufficiency  is  termed  certainty  (for  all)." 

It  is  this  objective  sufficiency  that  serves  co-opera- 
tion best,  as  from  this  we  get  sound  judgment,  and  judg- 
ment is  conclusive.  It  decides  by  positive  inference.  It 
enables  a  person  to  discover  the  truth.  Judgment  acts 
by  fixed  rules.  It  admits  of  no  question  or  variation. 
It  determines  the  choice  of  what  is  good.  It  chooses 
nearest  to  what  is  truth.  Judgment  requires  knowledge 
and  experience,  while  opinion  often  springs  from  the 
imagination,  and  is  in  all  cases  but  inference  or  deduc- 
tion which  falls  short  of  knowledge.  Opinions,  there- 
fore, as  individual  opinions,  are  mostly  false.  Sense 
suggests  the  knowledge  of  things ;  judgment  pronounces 
upon  thein ;  while  imagination  furnishes  the  inference 
from  which  opinion  is  formed.  However,  do  not  con- 
clude that  the  expression  of  opinions  should  be  barred 
unless  expressed  with  the  intent  of  having  the  value  of 
fact.  Moreover,  even  if  they  do  not  serve  the  purpose 
intended,  they  often  clear  and  open  the  way  to  better 
things. 

We  should  recognize  the  desirability  of  putting  our 
own  reason  to  the  test,  for  our  opinions  are  often 
formed,  perhaps  unconsciously,  by  confusing  facts  ob- 
served or  known,  with  the  inferences  from  those  facts, 
and  it  is  this  insidious  transition  that  becomes  mislead- 
ing.    In  recording  opinions  or  conclusions,  even  for  our 
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own  improvement,  we  should  use  care  to  discriminate 
carefully  between  what  we  really  did  observe  and  what 
we  inferred  from  the  facts  of  phenomena  observed. 
Nothing  is  more  important  in  observation  and  experi- 
ment than  that  w-e  be  entirely  free  from  the  influence  of 
preconceived  notions,  preference  or  theory  in  accurately 
recording  the  facts  observed  and  allow  them  their 
proper  weight.  He  who  does  not  do  so  will  almost 
always  be  able  to  obtain  facts  in  support  of  an  opinion, 
however  erroneous.  So  long  as  we  only  record  and  de- 
scribe what  our  senses  have  actually  witnessed,  we  can- 
not commit  an  error,  but  the  moment  we  presume  to 
infer  we  are  liable  to  mistake. 

Co-operation  may  be  helped  by  not  giving  opinions 
as  equivalent  of  facts;  by  not  rehearsing  observations  as 
experiences;  by  not  expressing  doubts  so  as  to  convey 
the  impression  of  conviction ;  by  not  considering  denial 
as  superior  to  affirmation ;  by  not  trying  to  convince 
one's  self  and  others  that  a  notion  is  equal  to  knowl- 
edge; and  by  not  being  sure  that  everything  will  fail 
because  most  things  do.  To  illustrate — a  letter  was  re- 
ceived recently  in  which  was  this  statement: — "I  am 
inclined  to  believe."  This  is  spreading  it  pretty  thin 
when  dealing,  as  in  this  case,  with  engineering  matters. 
I  have  a  certain  respect  for  opinions,  more  for  beliefs, 
but  I  hardly  know  where  to  place  "I  am  inclined  to  be- 
lieve." This  sentence  was  followed  by  a  request  that  a 
very  expensive  change  be  made  in  the  design  of  the  de- 
vice referred  to.  As  a  matter  of  fact,  this  limited  belief 
was  wrong,  as  the  trouble  was  in  the  fitting  and  not  in 
the  design.  Again,  another  recommendation  was  made 
because  the  writer  had  some  kind  of  a  notion  on  the  sub- 
ject; for  instance,  one  paragraph  contained  the  follow- 
ing:—"I  believe,"  "It  seems,"  "I  think,"  "I  believe" 
(again),  "I  am  approximately  correct."  Needless  to 
say,  nothing  could  be  intelligently  done  with  a  recom- 
mendation based  on  such  a  foundation. 

You  should  not  conclude,  however,  that  expressions 
of  opinion  should  be  barred,  but  they  should  be  labeled 
or  colored  so  that  they  may  be  known  and  taken  at  their 
true  value.  Some  know  a  thing  and  yet  express  their 
knowledge  by  a  preface,  "I  am  of  the  opinion."  This  is 
wrong,  for  the  reader  or  hearer  is  still  "up  a  tree"  as 
far  as  this  conveyance  of  information  is  concerned. 
True,  we  may  start  an  investigation,  but  why  put  us  to 
this  trouble?  Others  express  themselves  as  "being  of 
the  opinion,"  etc.,  and  then  go  on  as  though  they  had 
established  a  knowledge  in  the  case.  This  is  wrong 
also.  If  they  have  the  facts  they  should  express  them 
as  such.  If  an  opinion  it  should  be  so  stated,  then  it 
can  be  valued  either  by  the  reasons  advanced  for  it,  or 
by  the  competency  of  the  person.  We  cannot  hope  that 
our  experience  and  information  will  go  further  with 
others  than  ourselves,  and  if  it  has  not  done  more  than 
permit  us  to  form  an  opinion  and  belief,  what  reason 
have  we  to  expect  it  will  do  more  with  others?  Even 
conviction  is  not  enough,  but  this  may  and  probably  will 
precede  knowledge,  but  knowledge  we  will  never  have 
if  we  go  no  further  than  conviction ;  in  fact,  conviction 


is  a  more  dangerous  enemy  to  truth  and  knowledge  than 
is  doubt  and  error,  for  we  are  not  satisfied  with  these, 
but  are  apt  to  be  with  conviction.  Let  us  then  for  the 
sake  of  co-operation  cultivate  a  sense  for  fact,  the  most 
valuable  of  all  senses. 

Another  way  in  which  co-operation  can  be  mani- 
fested is  by  merging  our  special  interest  and  preference 
into  one  with  those  that  make  for  the  same  common  in- 
terest and  good  of  the  cause.  This  applies  not  only  to 
the  purpose,  design  and  construction  of  the  apparatus, 
but  also  to  installation  and  specifications,  for  in  the  long 
run  both  the  manufacturer  and  the  purchaser  are  best 
served  by  keeping  to  common  apparatus,  at  least  where 
the  general  conditions  are  similar.  The  air  brake  art  has 
become  so  extensive  that  one  must  be  thoroughly  versed 
in  all  that  constitutes  a  complete  equipment  before  he 
can  suggest  intelligently  a  change  that  will  not,  one  way 
or  another,  mean  a  detrimental  compromise,  if  not  sacri- 
fice of  some  essential  and  cardinal  principle.  The  ac- 
complishment of  such  a  physical  proposition  as  the 
modification  of  the  air  brake  begins  (or  should)  with 
contemplation,  possibly  leading  to  determination,  fol- 
lowed by  design  and  specification,  and  then  construction 
and  finally  operation.  These  broad  functions  necessitate 
logical  decisions  as  to  what  to  contemplate,  what  to  de- 
termine, next  to  the  detail  of  what  should  be  designed 
and  specified,  then  the  method  of  construction  and 
finally,  of  course,  the  modification  of  existing  methods 
to  the  new  problem  of  operation.  This  involves  both 
experience  and  knowledge  of  the  law  in  the  case  in 
order  that  the  work  may  be  done  intelligently.  It  would 
seem  unnecessary  to  state  this  sequence,  except  that  it  is 
so  often  forgotten. 

Things  may  be  done  many  ways.  Do  not  think  if  it 
is  not  done  your  way  that  it  is  wrong.  Rather  ascertain 
the  reason  and  you  will  find  it  is  sufficient.  A  change 
is  not  necessarily  an  improvement,  but  an  improvement 
must  involve  a  change  and  many  factors  must  be  consid- 
ered before  the  manner  and  methods  can  be  determined 
upon".  If  your  superior  is  insistent  on  getting  at  the 
facts,  do  not  take  this  as  indicating  that  he  does  not  de- 
sire suggestions  and  does  not  think  that  they  are  valu- 
able and  of  service.  He  wants  to  be  sure  of  his  ground, 
that  is  all.  It  is  unfortunate  for  me  that  I  am  in  a  posi- 
tion of  having  to  eliminate  and  exclude,  and  combine 
and  condense,  to  expand  and  contract,  and  often  it  is 
desirable  to  do  these  antagonistic  things  in  one  and  the 
same  piece  of  mechanism,  but  I  assure  you  that  I  regret 
to  have  to  leave  out  a  suggestion  or  recommendation  as 
much  as  it  delights  me  to  incorporate  one.  There  are 
hundreds  of  your  suggestions  and  great  thoughts  in 
many  devices  we  have  built  in  the  last  few  years,  and 
more  of  my  own  have  been  rejected  than  all  of  yours 
combined. 

Finally,  may  our  co-operation  be  such  that  we  treat 
each  other  with  consideration  and  respect,  conduct  our 
discussions  with  candor,  moderation  and  generosity — 
that  they  commence  with  harmony  and  close  with  good 
fellowship. 


Byron  T.  Gifford 

President,  National  District  Heating  Association, 

Grand  Rapids,  IMich. 


TOWNS  of  15000  and  over  frequently  have  cen- 
tral heating  plants,  most  of  which  are  in  connec- 
tion with  the  electric  utility.  These  plants  are 
exceedingly  popular  with  the  consumers,  but  in  many 
cases  are  not  particularly  attractive  from  a  financial 
standpoint  to  their  owners,  having  been  built  in  many 
cases  on  account  of  the  necessity  of  giving  heating  ser- 
vice in  order  to  obtain  the  greatest  possible  electric  busi- 
ness in  the  city,  electric  business  which  properly  belongs 
to  the  electric  utility. 

The  most  vital  question  confronting  the  central  heat- 
ing engineer  is  how  to  make  the  heating  plant  financially 
successful  in  communities  where  it  rightfully  belongs. 
One  of  the  first  considerations,  and  probably  the  most 
important,  is  to  determine  the  cost  of  the  service,  includ- 
ing, of  course,  the  fixed  charges  on  the  investment. 
There  is  available  today  a  considerable  amount  of  au- 
thentic data  which  is  sufficient  to  determine  this  cost 
accurately.  A  large  amount  of  good  work  has  been 
done  along  this  line  by  the  National  District  Heating 
Association.  The  Association's  committee  on  rates,  ac- 
counting, station  operation  and  other  subjects  have  com- 
piled much  valuable  information  and  the  Proceedings 
and  Bulletin  of  the  Association  will  furnish  excellent 
reading  for  any  one  interested  in  this  subject. 

In  the  future  the  central  heating  engineer  need  not 
be  so  much  concerned  with  the  efficiency  of  manufac- 
turing and  distributing  heating  service  as  in  getting  the 
proper  compensation  for  the  service.  In  the  electrical 
industry  it  has  been  learned  that  the  generating  costs 
are  a  very  small  percentage  of  the  total  cost  of  deliver- 
ing electricity  for  light  and  power.  In  some  cases  the 
cost  of  electricity  at  the  switchboard  is  only  six  percent 
of  the  total  cost.  In  other  cases,  such  as  large  and  long- 
hour  consumers,  the  generating  cost  runs  as  high  as  40 
percent  of  the  total.  The  cost  additional  to  generating 
is  made  up  of  such  items  as  distribution  expenses,  con- 
sumption expenses,  office  expenses,  general  expenses 
such  as  taxes  and  insurance,  and  the  fixed  charges,  such 
as  depreciation  and  interest  on  borrowed  money.  In  the 
case  of  central  heating,  it  is  found  upon  analysis  that 
generating  costs  are  from  thirty  to  fifty  percent  of  the 
total  cost  of  delivering  heating  service. 

An  analysis  of  the  heating  rates  in  effect  today  will 
show  that  most  heating  companies  are  not  obtaining  the 
proper  compensation  for  this  service.  This  condition 
has  been  brought  about  in  most  cases  by  the  supposed 


advantage  in  using  exhaust  steam  for  the  heating  me- 
dium. In  the  author's  opinion  the  advantage  of  exhaust 
steam  in  central  heating  has  been  considerably  over- 
estimated. A  combination  of  electrical  and  heating 
plants  shows  a  very  nice  economy  to  both,  but  there  is 
more  saving  in  the  fixed  charges  than  in  the  operating 
expenses.  Where  a  boiler  plant  of  a  certain  size  will 
handle  the  electrical  load  it  will  also  handle  a  certain 
amount  of  heating,  because  the  peak  of  the  heating  load 
and  the  electrical  load  seldom  occur  at  the  same  time. 
Therefore  the  fixed  charges,  such  as  interest,  deprecia- 
tion and  taxes,  are  reduced,  due  to  the  combination.  The 
operating  expenses,  such  as  fuel,  labor,  supplies  and 
maintenance,  will  be  found,  if  carefully  analyzed,  to  be 
reduced  only  slightly,  because  these  items  are  to  a  great 
extent  dependent  upon  the  work  done  by  the  apparatus, 
or  in  other  words,  the  output  of  the  plant.  The  same 
condition  exists  in  relation  to  water  softeners,  feed 
water  heaters,  boiler  feed  pumps,  stoker  equipment  and 
draft  apparatus. 

In  analyzing  the  costs  of  a  steam-driven  electrical 
generating  station,  it  is  often  found  that  30  percent  of 
the  fuel  consumed  is  required  on  account  of  standby 
service,  to  be  ready  for  dark  hours  and  the  daily  peak. 
This  expense  can  be  materially  reduced  in  a  combination 
boiler  plant.  In  the  prime  movers  very  little  advantage 
can  be  gained  by  a  combination  of  the  electrical  and 
heating  plants.  Where  the  prime  movers  are  operated 
non-condensing  the  combination  offers  more  saving  than 
where  highly  efficient  condensing  equipinents  are  used. 
Such  items  of  power  house  labor  as  superintendence, 
engineers,  clerk  hire,  etc.,  can  be  distributed  between  the 
two  plants  and  thus  reduced  to  either  the  electric  or 
heating  department.  Consequently,  some  saving  can  be 
made  in  the  operating  expenses,  although  not  as  great  as 
in  the  fixed  charges. 

It  is  the  author's  opinion  that  in  the  future  the  prop- 
erly located  steam  generating  electrical  stations  will  have 
connection  with  a  central  heating  system  and,  if  the 
proper  precautions  are  taken  at  the  start  to  obtain  a 
proper  rate,  there  need  be  little  concern  about  the  finan- 
cial returns  from  the  investment.  Assume,  for  example, 
a  station  of  10  000  kilowatts  operating  condensing  with 
a  capacity  of  8000  boiler  horse-power  at  rating.  If  a 
central  heating  plant  were  attached  to  this  station,  there 
would  be  many  hours  during  the  day,  and  especially  dur- 
ing the  off-peak  hours  of  the  electric   load,   that   this 
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boiler  plant  could  well  afford  to  sell  its  steam  to  the 
heating  department  for  a  few  cents  in  addition  to  its 
generating  cost.  In  fact,  it  would  fill  in  the  valley  of  the 
boiler  load,  especially  during  the  night  and  morning. 
The  fixed  charges,  therefore,  if  proportioned  between 
the  two  departments,  would  be  reduced  to  the  electric 
department  or,  if  the  accounting  were  handled  differ- 
ently and  the  steam  sold  to  the  heating  department  at  the 
generating  cost  plus  ten  percent,  the  manager  of  almost 
any  electric  utility  would  be  glad  to  furnish  the  service. 
This  is  an  equitable  basis  for  determining  increased 
costs  due  to  the  combination  of  heating  and  electric 
plants.  It  will  be  noticed  that  these  costs  are  based  upon 
live  steam  heating  and  not  upon  exhaust  steam,  and  it  is 
reasonable  to  suppose  that  if  a  heating  plant  could  make 
a  fair  return  on  its  investment  operating  on  live  steam 
or  direct  firing,  certainly  economies  could  be  worked  out 
which  will  show  an  even  greater  return  if  some  of  the 
power  or  heat  contained  in  the  live  steam  can  be  prop- 
erly converted  into  energy  of  a  salable  character  previ- 
ous to  selling  the  balance  for  heating  purposes.  There 
are,  however,  many  things  that  will  aft'ect  this  proposi- 
tion, and  in  the  design  of  a  central  heating  plant  it  is  a 


serious  question  whether  a  high-pressure  or  a  low- 
pressure  distribution  system  should  be  built.  Probably 
the  greatest  mistake  that  has  been  made  in  combination 
electric  and  heating  plants  has  been  the  endeavor  to 
utilize  exhaust  steam,  considering  it  as  having  cost  prac- 
tically nothing  because  it  made  electricity  first. 

In  a  combination  plant  the  electric  and  heating  load 
seldom  coincide,  and  wasting  exhaust  steam  is  more  ex- 
pensive than  using  live  steam.  Almost  all  central  heat- 
ing engineers  are  of  the  opinion  that  compensation  must 
be  received  from  rates  based  upon  live  steam  or  direct 
firing  costs.  There  are  properties  in  this  country  which 
have  started  central  heating  plants  and  have  developed 
electrical  business  purely  as  a  by-product.  When  con- 
ditions of  this  kind  exist,  viz.,  where  the  electrical  load 
and  the  heating  load  can  be  made  to  coincide  so  that  all 
electricity  made  can  be  made  at  the  convenience  of  the 
heating  load,  there  is  a  great  tendency  to  take  advantage 
of  this  additional  earning  from  the  sale  of  the  by- 
product; but  a  careful  study  should  first  be  made  of 
these  situations,  considering  the  fixed  charges  on  the 
basis  of  the  larger  investment  required  for  the  exhaust 
steam  heating  system. 


los'ijMal  Contf oilers — liJ 

P/lciliO'ij  oi  A:;j]craim5'  Motors 


H.  D.  James 


IN  STARTING  a  motor  from  rest  and  bringing  it 
up  to  full  speed,  resistance  is  inserted  in  the  arma- 
ture circuit  of  a  direct-current  motor,  or  the  rotor 
circuit  of  an  induction  motor,  to  limit  the  current.  This 
resistance  may  be  short-circuited  gradually  by  a  man- 
ually-operated controller,  as  explained  in  Section  II,  or 
the  resistance  may  be  short-circuited  automatically  as 
the  speed  of  the  motor  increases.  There  are  several 
methods  of  short-circuiting  this  resistance  automatically, 
as  follows : — 

I — Counter  e.ni.f.  method. 

2 — Series  relay  method. 

3 — Series  lock-out  switch  method. 

4 — Time  element  method. 

Sometimes  a  combination  of  several  of  these  methods 
is  used  in  one  controller.  The  present  article  explains 
the  fundamental  principles  involved  in  these  different 
methods  of  automatic  acceleration. 

COUNTER  E.M.F.    METHOD 

This  method  has  been  developed  for  use  with  direct- 
current  motors  only,  and  is  commonly  used  with  shunt, 
or  standard  compound-wound  motors.  When  a  motor 
is  started  from  rest  and  accelerated  to  full  speed,  the 
voltage  across  the  rotor  terminals  increases  as  the  speed 
of  the  motor  increases.  If  the  coil  of  a  magnetic  con- 
tactor is  connected  across  the  motor  brushes,  the  current 
in  this  coil  will  increase  as  the  speed  of  the  motor  in- 


creases. By  adjusting  the  air-gap  in  the  magnet,  the 
contactor  may  be  made  to  close  at  a  fixed  voltage  across 
the  motor  brushes.  The  closing  of  the  contactor  can  be 
made  to  short-circuit  a  section  of  the  armature  resist- 
ance. By  adjusting  several  contactors  to  close  at  differ- 
ent armature  voltages,  the  series  steps  of  the  starting 
resistance  can  be  short-circuited  and  the  motor  brought 
up  to  full  speed. 

A  simple  diagram  with  one  step  of  armature  resist- 
ance, and  one  magnetic  contactor   for   short-circuiting 


nC.    I — SIMPLIFIED  DIAGRAM   OF  CONNECTIONS 

Using  the  counter  e.m.f.  method  of  accelerating  motors, 
this  resistance,  is  shown  in  Fig.   I.     Several  steps  of 
starting  resistance  could,  of  course,  be  used  with  a  con- 
tactor for  short-circuiting  each  section. 

The  closing  of  switch  /,  which  is  operated  by  a  push- 
button, connects  the  motor  to  the  line  in  series  with  the 
starting  resistor.  One  end  of  the  operating  coil  of  this 
switch  is  connected  to  the  negative  side  of  the  line,  and 
the  other  end  is  connected  through  the  pushbutton  to  the 
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positive  side  of  the  line.  The  coil  of  switch  2  is  con- 
nected across  the  brushes  of  the  motor  armature,  and 
will  close  the  switch  when  the  counter  e.m.f.  of  the 
motor  reaches  a  predetermined  value.  The  closing  of 
this  short-circuits  the  starting  resistor  R-^R.,  and  places 
the  motor  directly  across  the  line  in  the  regular  oper- 
ating position. 

With  the  elementary  arrangement  shown,  if  switch 
I  is  opened  by  pushing  the  stop  button,  switch  2  will  not 
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FIG.   2 — PART  OF  DIAGRAM   OF  CONNECTIONS 

Showing  three  contactors  for  regulating  acceleration  by  the 
counter  e.m.f.  method. 

open  immediately,  as  it  will  be  held  in  by  the  counter 
e.m.f.  of  the  motor.  With  most  commercial  switches  a 
counter  e.m.f.  of  25  percent  of  the  full-speed  value  will 
hold  the  contactor  closed.  Under  this  condition,  when 
the  motor  speed  has  been  reduced  to  one-fourth  full 
speed,  and  with  contactor  2  still  in  the  closed  position, 
the  start  button  can  be  pushed,  thus  closing  line  switch  i, 
with  the  result  that  the  motor  will  be  connected  directly 
across  the  line,  without  any  starting  resistance,  and  may 
cause  a  severe  jar  to  the  motor  and  machinery  which  the 
motor  drives.  In  order  to  avoid  such  a  possibility,  in 
commercial  controllers  an  interlock  is  usually  provided 
on  switch  i,  which  opens  the  current  of  the  coil  on 
switch  2  whenever  switch  I  is  opened. 

The  advantages  of  this  method  of  acceleration  con- 
sist in  its  simplicity,  since  the  switch  does  not  need  any 
additional  parts,  and  no  auxiliary  relay  or  other  devices 
are  required. 

Disadvantages  arise  where  there  is  a  considerable 
variation  in  the  line  voltage.  An  increase  in  line  voltage 
will  cause  the  contactor  to  close  sooner  than  it  should, 
and  a  drop  in  line  voltage  sometimes  prevents  the  con- 
tactor from  closing.  These,  however,  are  extreme 
cases.  With  a  reasonable  system  of  power  distribution, 
especially  if  the  power  circuit  is  used  for  lights,  the 
variation  of  voltage  will  be  small,  and  no  trouble  should 
be  experienced.  Another  disadvantage  may  be  caused 
by  a  change  of  adjustment,  due  to  a  change  in  tempera- 
ture in  the  operating  coil  of  the  contactor.  With  a 
properly  designed  contactor,  however,  changes  in  the 
coil  temperature  will  not  cause  trouble. 

Where  several  contactors  are  to  be  installed  it  is 
often  necessary  to  furnish  different  coils,  in  order  that 
adjustments  can  be  made  over  the  wide  range  of  voltage 
necessary  for  the  operation  during  acceleration.  Inter- 
locks are  used  for  dropping  out  all  but  the  last  switch, 
in  order  to  protect  the  low-voltage  coils  from  over- 
heating. 


A  modification  of  the  connection  shown  in  Fig.  i  is 
often  used,  in  order  to  keep  all  of  the  coils  alike,  and 
eliminate  the  interlock  on  the  last  switch.  This  ar- 
rangement is  shown  in  Fig.  2.  The  operating  coils  of 
all  contactors  have  one  side  connected  to  the  motor 
brush  farthest  away  from  the  starting  resistor.  The 
other  sides  of  the  operating  coils  are  connected  to  the 
taps  on  the  starting  resistor,  the  coil  on  switch  /  being 
connected  to  R^  on  the  resistor.  The  voltage  on  this 
coil  is  equal  to  the  line  voltage,  less  the  drop  in  voltage 
through  the  first  section  of  the  resistor.  As  the  speed 
of  the  motor  increases,  the  counter  e.m.f.  causes  a  de- 
crease in  the  armature  current.  This  reduces  the  drop 
through  the  first  section  of  the  starting  resistance.  The 
voltage  on  the  operating  coil  of  switch  /  is  gradually 
increased,  until  this  switch  closes.  Switch  2  has  its 
operating  coil  connected  to  R^  on  the  starting  resistor. 
The  voltage  on  this  coil  is  increased  by  the  closure  of 
switch  I.  The  increase  in  current,  however,  at  this 
instant,  causes  a  considerable  drop  in  the  second  section 
of  the  starting  resistance.  As  this  current  gradually 
decreases  with  the  increased  speed  of  the  motor,  switch 
2  closes.  Switch  5  is  connected  across  the  motor  arma- 
ture, and  closes  when  the  counter  e.m.f.  of  the  motor  is 
nearly  equal  to  the  line  voltage. 

ACCELERATION   BY  SERIES  RELAY    METHOD 

There  are  a  number  of  different  schemes  for  using  a 
series  relay  to  control  the  acceleration  of  a  motor.  The 
principle  involved  in  all  of  these  schemes  is  a  relay 
having  a  series  winding  which  holds  the  relay  contacts 
in  the  open  position  when  the  current  exceeds  a  prede- 
termined value.  When  the  current  is  reduced  sufficiently, 
the  relay  armature  completes  the  circuit  to  the  shunt  coil 
of  a  magnetic  contactor.  This  method  of  acceleration 
can  be  used  for  either  alternating  or  direct-current 
motors.  The  arrangement  most  common  in  industrial 
applications  consists  of  a  series  relay  for  each  magnetic 
contactor.     The  relay  contacts  are  held  open  mechani- 


FIG.    3 — DIAGRAM    OI-    COXXECTIONS 

Using  a  series  relay  to  regulate  acceleration  of  motor. 

cally  until  the  electric  circuit  is  closed  with  the  maxi- 
mum resistance  in  series.  The  relay  armature  is  then  re- 
leased and  allowed  to  drop  when  the  current  is  reduced 
to  the  value  for  which  the  relay  is  set.  The  dropping 
of  the  armature  completes  the  circuit  for  the  operating 
coil  of  a  magnetic  contactor,  which  short-circuits  a  sec- 
tion of  the  starting  resistance. 
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A  simple  form  of  this  type  of  control  is  shown  in 
Fig.  3.  Switch  /  is  controlled  by  a  pushbutton  in  the 
same  way  as  in  Fig.  i.  This  contactor  is  provided  with  a 
series  relay  mounted  directly  beneath  the  switch,  whose 
contacts  are  connected  to  the  positive  line  and  through 
the   operating   coil    of    switch    2   to   the   negative   line. 


Magnet  Yoke 
Magnet  Core 

Operating  Coil 


Lock -Out  Air -Gap 
Iron  Calibrating  Screw 


FIG.  4— DI.VGRAM   OF  SERIES  LOCK-OUT   MAGNETIC  CONTACTOR 

When  the  relay  armature  is  released,  these  contacts  are 
connected  together,  thus  causing  switch  2  to  close. 
When  switch  i  is  open,  the  contacts  of  the  relay  are  held 
in  the  open  position  by  a  spring.  When  switch  /  closes,  it 
releases  this  spring  by  mechanical  means,  so  that  the  con- 
tacts may  close.  The  current,  however,  in  the  series  coil 
holds  the  armature  in  the  upper  or  open  position  until 
the  current  has  been  reduced  to  a  predetermined  value. 
The  armature  then  drops  and  its  contacts  are  closed. 
This  will  not  occur  until  after  the  motor  has  approached 
full  speed,  so  that  when  switch  2  closes  and  short- 
circuits  the  starting  resistor  the  increase  in  current  will 
be  limited.  Several  sections  of  armature  resistance  may 
be  used  with  switches  for  short-circuiting  each  section, 
each  switch  being  controlled  by  a  series  relay  mounted 
on  the  preceding  switch  in  the  manner  described. 

The  advantages  of  this  method  of  acceleration  are  :-- 

I — The  sections  of  the  starting  resistor  are  short-circuited 
in  direct  proportion  to  tlie  motor  current. 

2 — This  method  is  not  affected  by  variation  in  line  voltage, 
providing  there  is  sufficient  voltage  to  close  the  magnetic  con- 
tactors. 

3 — The  adjustments  for  closing  are  not  affected  by  the 
heating  of  the  coil. 

4 — This  method  limits  the  load  under  which  the  motor  will 
start.  If  the  load  is  too  great  to  allow  the  motor  to  accelerate 
sufficiently  to  reduce  the  current  to  the  predetermined  value 
the  relay  will  not  drop  and  close  its  contacts,  and  therefore  the 
starting  resistance  will  not  be  short-circuited. 

The  disadvantages  of  this  method  are: — 

I — This  method  may  result  in  too  rapid  an  acceleration  of 
the  motor  under  light  loads. 

2 — .Additional  apparatus  is  required,  viz.,  a  relay  for  each 
resistance  contactor. 

3 — The  motor  may  fail  to  start  under  overload.  This  was 
given  as  an  advantage,  but  in  some  cases  it  may  be  a  disadvan- 
tage, depending  upon  the  application. 

This  method  of  acceleration  is  the  most  reliable  for 
heavy  service  and  frequent  operation. 

SERIES  LOCK-OUT  SWITCH    METHOD 

The  series  lock-out  method  of  acceleration  also  de- 
pends   upon    the   value   of    the   armature   current.      It 


differs,  however,  from  the  preceding  method,  in  that  the 
magnetic  contactor  is  provided  with  a  series  coil,  and 
does  not  require  a  separate  relay  for  controlling  it. 
The  closing  of  the  magnetic  contactor  depends  upon  the 
saturation  of  the  iron  in  one  portion  of  the  magnetic 
circuit.  This  can  be  understood  from  the  diagram  of  a 
contactor  of  this  design,  shown  in  Fig.  4.  The  flu.x  or 
magnetism  in  the  iron  is  caused  by  current  flowing 
through  the  operating  coil.  This  flux  passes  through  the 
air-gap  to  the  armature  of  the  contactor.  Part  of  this 
flux  passes  from  the  armature  through  the  armature 
bracket  to  the  magnet  yoke,  and  thence  to  the  magnet 
core.  Another  part  of  the  flux  passes  from  the  arma- 
ture through  the  tailpiece  to  the  magnet  yoke.  The  flux 
through  this  last  circuit  exerts  a  pull  which  prevents  the 
contactor  from  closing.  The  magnetic  path  through  the 
armature  bracket  has  a  small  cross-section,  so  that  when 
the  current  flowing  through  the  operating  coil  exceeds 
a  certain  value  it  becomes  saturated  and  forces  the  bal- 
ance of  the  flux  through  the  tailpiece,  holding  the  con- 
tactor open.  As  the  current  decreases,  the  flux  in  the 
saturated  armature  bracket  remains  constant,  but  the 
flux  through  the  tailpiece  decreases  until  it  is  not  .suf- 
ficient to  hold  the  contactor  open.  The  switch  can  be 
adjusted  to  close  at  a  predetermined  current  value  by 
changing  the  hold-out  air-gap  between  the  tailpiece  and 
the  magnet  yoke.  This  air-gap  is  adjusted  by  means 
of  a  calibrating  screw.  The  greater  the  air-gap  at  this 
point,  the  higher  the  current  value  at  which  the  switch 
will  close.     When  the  circuit  is  first  completed  through 


I-IC.    5 — COMMERCIAL   CONTROL    BOARD 

Showing  time  element  device  consisting  of  a  motor-operated 
drum  controller. 

the  operating  coil  there  is  danger  of  the  switch  closing 
before  the  flux  in  the  tailpiece  is  sufficient  to  lock  it 
open.  This  tendency  is  overcome  by  placing  a  heavy 
copper  damping  coil  around  a  portion  of  the  armature 
bracket.     \\'hen  the  operating  coil  is  energized,  this  coil 
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forces  the  flux  to  build  up  in  the  tailpiece  ahead  of  the 
armature  bracket.  The  advantages  of  this  method  are 
the  same  as  for  the  preceding  method,  with  the  addi- 
tional advantage  that  less  apparatus  is  required. 

The  disadvantages  are  the  same  as  the  preceding 
method,  with  the  additional  disadvantage  that  the  switch 
may  not  close  if  the  current  decreases  too  rapidly  during 
acceleration.  This  sometimes  happens  when  the  motor 
starts  with  a  light  load.  If  the  current  should  drop  to  a 
low  value  after  the  motor  has  reached  full  speed,  the 
switch  may  drop  open.  To  correct  this  latter  difficulty  a 
shunt  hold  coil  is  sometimes  used  on  the  last  contactor. 
This  requires  a  connection  which  will  short-circuit  the 
series  coil,  otherwise  the  switch  would  drop  open  if  the 
motor  current  should  be  reversed,  due  to  regeneration. 

TIME    ELEMENT    METHOD 

The  apparatus  used  for  short-circuiting  the  starting 
resistance  is  controlled  by  a  dashpot,  or  other  timing 
device.  Each  contactor  may  be  provided  with  an  indi- 
vidual dashpot,  or  a  small  master  switch  can  be  used, 
controlled  by  a  dashpot.  Such  a  master  switch  com- 
pletes the  circuit  to  each  contactor  in  turn,  with  a  time 
interval  between,  so  that  the  resistance  is  cut  out  in 
steps.  Sometimes  a  face  plate  controller  is  used,  similar 
to  the  one  shown  in  Fig.  3  of  the  February  issue,  page 
54,  in  which  the  arm  is  moved  by  a  magnet  and  retarded 
by  a  dashpot. 

A  very  successful  type  of  time  element  device  con- 
sists of  a  drum  controller  driven  by  a  pilot  motor 
through  worm  gearing.  The  time  of  acceleration  is  ad- 
justed by  changing  the  speed  of  the  pilot  motor.  The 
segments  on  the  drum  short-circuit  sections  of  the  start- 
ing resistance.  A  commercial  controller  of  this  type  is 
shown  in  Fig.  5.  The  circuit  to  the  motor  is  opened  or 
closed  by  a  magnet  contactor.  The  motor-operated  drum 
short-circuits  the  armature  resistor  during  acceleration. 


The  advantages  of  such  devices  consist  in  their  sim- 
[ilicity.  The  acceleration  is  smooth  under  all  conditions 
of  load,  and  the  motor  will  start  with  an  overload,  as  the 
time  element  device  gradually  reduces  the  starting  re- 
sistance until  the  torque  of  the  motor  is  sufficient  to 
start  the  load.  Excessive  torques  can  be  guarded  against 
by  a  proper  setting  of  the  circuit  breaker. 

The  disadvantages  of  the  time  element  system  are 
chiefly  due  to  troubles  with  dashpots,  which  have  more 
or  less  friction,  and  are  hard  to  keep  tight. 

CONCLUSION 

The  opinion  of  controller  engineers  difTers  somewhat 
on  the  proper  devices  to  use  for  controlling  the  accelera- 
tion of  motors.  The  four  schemes,  described  above,  are 
the  ones  usually  employed.  Various  combinations  of 
these  devices  are  used  and  other  means  have  also  been 
employed.  A  good  deal  depends  upon  the  practical  ap- 
l)lication  for  which  the  controller  is  design_£d.  In  gen- 
eral, the  counter  e.m.f.  method  is  used  for  small  con- 
trollers, although  it  can  successfully  be  employed  for 
(juite  large  units. 

The  series  relay  method  is  the  most  expensive,  but 
very  satisfactory,  and  should  be  used  for  heavy  service, 
where  the  load  varies  through  wide  limits. 

The  series  lock-out  switch  is  satisfactory  for  starting 
service  where  the  acceleration  is  always  under  load.  The 
last  resistance  switch  is  often  provided  with  a  holding 
coil  to  keep  it  from  dropping  out  on  light  loads.  Some- 
times the  last  switch  is  operated  by  the  counter  e.m.f. 
of  the  motor  and  the  preceding  switches  on  the  lockout 
principle.  The  time  element  device  is  the  most  satisfac- 
tory to  use  where  the  voltage  varies  over  wide  limits, 
particularly  where  rapid  starting  is  not  necessary.  This 
device  in  its  various  forms,  has  been  femployed  for  a 
good  many  years,  and  at  one  time  was  the  only  means 
used  for  controlling  the  acceleration  of  a  motor. 


Effoet  ©f  Voltage  ©r  l'';i^oqi(t)jioy  VniMatioii 


L.  W.  Smith 


ALTERNATING-CURRENT  motors  should  oper- 
ate satisfactorily  on  lines  where  the  sum  of  the 
voltage  and  frequency  variation  is  not  greater 
than  ten  percent  from  normal.  Drop  in  voltage  due  to 
line  drop  is  the  most  common  variation,  although  a 
variation  of  two  to  three  percent  in  frequency  is  not 
uncommon  for  short  periods.  This  point  must  be  taken 
into  consideration  when  designing  motors  and  liberal 
allowances  made  to  meet  reasonable  variations.  In  fact, 
practically  all  present-day  motors  designed  for  60  cycles 
will  give  good  results  without  excessive  heating  if  oper- 


ated on  50  cycle  lines,  which  is  a  drop  of  16. 7  percent  in 
frequency.  This,  however,  is  a  wider  variation  than 
guarantees  cover,  and  in  most  cases  heating  will  be 
higher  than  normal. 

As  the  polyphase  motor  is  used  more  than  the  single- 
phase  motor,  a  three-phase,  50  hp,  four-pole  motor  de- 
signed for  normal  operation  on  a  440  volt,  60  cycle  line 
will  be  considered  as  typical.  The  efifect  of  the  change 
in  either  voltage  or  frequency,  or  both,  varies  in  diiifer- 
ent  motors,  depending  chiefly  on  the  grade  of  iron  used 
and  the  relative  proportion  of  material  in  the  various 
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magnetic  paths.  If  the  magnetic  paths  are  well  balanced 
the  characteristics  will  be  more  uniform  over  the  guar- 
anteed variations  than  they  will  be  if  there  is  a  very  ap- 
preciable variation  in  the  several  parts  of  the  circuit.  In 
Table  I  is  given  the  principal  characteristics  that  will  be 
aflfected  by  the  voltage  and  frequency  variations,  basing 
each  on  rated  50  hp  output. 

TEN  PERCENT  OVER-VOLTAGE 

As  the  current  for  given  load  decreases  with  an  in- 
crease in  voltage,  the  primary  copper  losses  will  be  re- 
duced. Secondary  copper  losses  which  are  proportional 
to  the  slip  will  also  be  reduced.  The  core  loss  will  be 
increased  approximately  nine  percent,  due  to  increase 
in  flux  per  unit  area  in  the  iron.  The  increased  friction 
and  windage  loss  due  to  decreased  slip  will  be  very 
small  and  can  te  neglected.  The  sum  of  the  losses  will 
be  slightly  reduced,  resulting  in  an  increased  efficiency 
of  0.4  percent. 

Under  these  conditions  the  percent  leakage  will  be 
decreased  in  the  ratio  of  the  square  of  the  voltage,  but 
the  percent  magnetizing  current  will  be  increased.     The 


TABLE 

I 

Characteristics 

Normal 

Voltage 

Frequency 

Plus  10% 

Aiinus  IQ% 

Plus  10% 

Minus  10% 

Synchronous  r.p.m. 

Percent  slip 

Magnetizing  current 

1800 
I.  58 
12.25 
114s 
875 

615 

700 

I   45 

3   75 
91. 1 

95 
86.5 

1800 
1.32 
14.8 
1240. 

510 

1-75 
4  5 

91  S 

91    2 
83.5 

1 80a 
1.83 
10.7 
loso. 
1070 

31 

90.  5 

95   2 

86,2 

1980 
I   58 
10. S 
1050 
890 

61S 

835 

I    2 

31 
91,6 
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Primary  copper  loss 
Secondary  copper 

Friction   and  wind- 

Ratio  of  starting  to 
fiill-load  torque. . 

Ratio  of  pull-out  to 
full-load  torque. . 

Full-load  efficiency . 

Full -load  power  fac- 

Apparent  ef!icien(;>-. 

resultant  of  these  two  factors  will  be  an  increase,  result- 
ing in  reduced  power-factor.  The  amount  of  increase 
in  the  resultant  of  leakage  and  magnetizing  current  will 
depend  on  the  degree  of  saturation  of  the  different  parts 
of  the  magnetic  circuit.  The  starting  torque  and  pull- 
out  torque  will  be  increased  approximately  20  percent. 
If  the  motor  is  well  designed  for  normal  operation,  the 
average  heating  will  be  approximately  the  same  on  ten 
percent  over-voltage.  The  primary  and  secondary  cop- 
per will  be  cooler,  while  the  iron  will  be  slightly  hotter. 
However,  with  the  motor,  as  designed  for  normal  oper- 
ation, working  at  a  low  saturation  point  the  increase  in 
voltage  will  tend  to  cause  a  decrease  in  heating,  as  under 
these  conditions  the  percentage  decrease  in  slip  will  be 
larger. 

TEN  PERCENT  UNDER-FREQUENCV 

From  Table  I  it  will  be  seen  that  a  motor  operating 
on  low  frequency  has  approximately  the  same  operating 
characteristics  as  under  normal  conditions,  the  principal 
variation  being  reduced  speed,  which  requires  higher 
torque  for  the  same  horse-power  output.  As  the  volt- 
age remains  constant  the  primary  copper  losses  will  re- 
main practically  unchanged.    The  secondary  current  will 


remain  unchanged,  and  consequently  the  secondary  cop- 
per losses  and  slip  will  be  the  same  as  with  normal 
voltage  and  frequency.  The  core  loss  is  increased  the 
same  as  in  the  case  of  over-voltage,  but  the  friction  and 
windage  losses  will  be  decreased,  due  to  lower  speed. 
The  sum  of  the  losses  is  slightly  decreased,  resulting  in 
an  increased  efficiency  of  0.7  percent.  The  power-factor 
is  reduced  in  the  same  manner  as  with  over-voltage. 
The  starting  torque  and  pull-out  torque  are  increased 
approximately  20  percent.  Average  heating  will  remain 
the  same  as  under  normal  conditions. 

TEN    PERCENT   UNDER-VOLTAGE 

Under  this  condition  the  primary  current  will  be  in- 
creased, due  to  decrease  in  voltage,  resulting  in  in- 
creased primary  copper  losses.  The  secondary  coppe»- 
loss,  due  lO  higher  slip,  will  be  increased.    Friction  and 
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FIG.    I — VARIATION   OF  ALTERNATING-CURRENT   MOTOR 
CHARACTERISTICS  WITH  VOLTAGE 

windage  will  be  practically  the  same,  and  the  core  loss 
will  be  reduced,  due  to  lower  saturation  of  the  iron. 
The  sum  of  the  losses  will  be  slightly  increased,  result- 
ing in  a  decreased  efficiency  of  0.6  percent.  The  power- 
factor,  due  to  lower  resultant  percentage  leakage  and 
magnetizing  current,  will  be  increased.  The  starting 
torque  and  pull-out  torque  will  be  decreased  approx- 
imately 20  percent.  Average  heating  will  be  the  same 
as  under  normal  conditions. 

TEN  PERCENT  OVER-FREQUENCY 

With  over- frequency  the  speed  will  be  increased,  re- 
sulting in  lower  torque  for  the  same  horse-power  out- 
put. The  primary  copper  losses  will  remain  unchanged, 
while  the  friction  and  windage  losses  will  be  increased, 
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due  to  higher  speed.  The  secondary  copper  loss  and 
slip  will  remain  unchanged.  The  core  loss  will  be  de- 
creased. The  total  losses  will  be  slightly  lower,  result- 
ing in  an  increased  efficiency  of  0.5  percent.  The  power- 
factor  will  be  slightly  reduced  for  the  same  reason  as 
with  over-voltage.  The  starting  torque  and  pull-out 
torque  will  be  reduced  approximately  20  percent.  Aver- 
age heating  will  be  the  same  as  under  normal  conditions. 
It  is  evident,  therefore,  that  for  every  change  in 
voltage  or  frequency  there  should  be  a  like  change  of 
the  same  percent  in  frequency  or  voltage.  For  example, 
five  percent  increase  in  voltage  or  frequency  and  five 
percent  decrease  in  frequency  or  voltage  will  give  very 
close  to  normal  operation,  except  for  the  slight  change 
in  speed  due  to  changed  frequency.  However,  it  is  not 
necessary  to  have  a  change  in  both  frequency  and  volt- 
age to  insure  good  operation. 
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FIG.    2 — VARIATIONS    OF    ALTERNATING-CURRENT    MOTOR 
CHARACTERISTICS   WITH   FREQUENCY 

A  siiigle-phase  motor  operating  with  a  short- 
circuited  secondary  will  vary  the  same  as  in  the  case  of 
the  polyphase  motor.  However,  if  the  motor  is  of  the 
repulsion-induction  type  the  characteristics  will  be 
changed  to  a  greater  extent,  because  the  change  in 
operating  speed  will  vary  more  with  a  change  in  voltage 
or  frequency.  With  such  a  motor  designed  for  a 
high  slip,  a  decrease  in  frequency  will  tend  to  raise  the 
operating  speed,  while  with  a  motor  designed   for  low 


slip  a  decrease  in  frequency  will  decrease  the  operating 
speed.  The  cause  for  this  is  that  with  a  weak  field  any 
increase  of  field  strength  due  to  a  change  in  frequency 
will  increase  the  operating  speed  and  will  more  than 
compensate  for  the  decrease  in  speed  due  to  lowered 
frequency,  while  the  reverse  is  true  if  the  motor  has 
a  strong  field.  The  starting  torque,  pull-out  torque 
and  power-factor  will,  in  general,  vary  about  the  same 
as  with  the  polyphase  motor,  but  the  range  of  variation 
of  efficiency  is  much  larger.  This  is  due  to  the  larger 
percentage  variation  in  slip,  and  consequently  a  larger 
variation  in  secondary  copper  loss. 

In  general,  for  a  constant  horse-power  output,  within 
the  ten  percent  range  of  voltage  and  frequency  discussed 
herein,  the  following  laws  will  hold  approximately : — * 

Pull-out  torque  and  starting  torque  vary  as  the 
square  of  the  voltage  and  inversely  as  the  square  of  the 
frequency. 

The  copper  loss  in  the  primary  varies  as  the  square 
of  the  current.  The  current  varies  inversely  as  the  volt- 
age, but  is  not  aiifected  by  a  change  in  frequency,  except 
to  the  slight  extent  produced  by  changes  in  magnetizing 
current.  The  secondary  copper  loss  and  slip  tend  to  vary 
inversely  as  the  square  of  the  voltage,  but  this  tendency 
is  modified  by  the  changes  in  primary  IR  drop  and  mag- 
netic leakage.  The  secondary  copper  loss  and  slip  re- 
main constant  with  change  in  frequency. 

The  iron  loss  is  composed  of  hysteresis  and  eddy 
current  losses.  The  hysteresis  loss  varies  as  the  1.6 
power  of  the  flux ;  the  eddy  current  loss  varies  with  the 
square  of  the  flux;  and  the  flux  varies  directly  as  the 
voltage  and  inversely  with  the  frequency.  The  mag- 
netizing current  varies  directly  with  the  flux  except  for 
modifications  produced  by  saturation  of  the  magnetic 
circuit. 

The  power-factor  is  usually  decreased  by  an  in- 
crease in  voltage  or  a  decrease  in  frequency  and  vice 
versa,  but  the  total  change  is  small. 

The  efficiency  is  not  materially  altered  by  a  change 
in  either  frequency  or  voltage. 

From  the  above  it  is  evident  that  a  polyphase  motor, 
or  a  single-phase  motor  operating  with  short-circuited 
secondary,  can  be  operated  with  approximately  normal 
results  on  a  line  where  the  sum  of  voltage  and  frequency 
the  single-phase,  repulsion-induction  type  motor,  and  its 
modifications  the  operation  will  be  satisfactory,  but 
the  characteristics  will  vary  to  a  greater  extent  from 
normal. 


*For  a  discussion  of  the  possibility  of  simultaneously  cliang- 
ing  voltage  and  frequency  by  large  percentages,  see  an  arti- 
cle on  "Standard  Apparatus  on  Standard  and  Special  Frequen- 
cies," by  Mr.  R.  F..  Hellmund,  in  the  Journal  for  Sept.,  igio, 
p.  680. 
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AN  ELECTRIC  motor  for  driving  the  sewing  ma- 
chine forms  one  of  the  greatest  labor-saving 
devices  that  has  come  into  general  use  in  connec- 
tion with  the  application  of  electricity  to  housework. 
With  a  good  motor-driven  machine,  sewing  is  no  longer 
a  drudgery. 

At  first  glance,  such  an  application  seems  simple  and 
of  little  importance  from  an  engineering  standpoint. 
But  as  a  matter  of  fact,  to  design  a  motor  which  can  be 
applied  to  different  types  of  sewing  machines,  without 
requiring  considerable  mechanical  skill,  is  a  difficult 
problem.  During  the  last  few  years  many  attempts 
have  been  made  to  apply  successfully  an  electric  motor 
to  the  sewing  machine.  Among  the  attempts  which 
proved  more  or  less  satisfactory  were  those  which  used 
a  constant-speed  motor  and  controlled  the  speed  of  the 
sewing  machine  by  a  friction  clutch  or  by  slipping  the 
belt  on  the  driving  pulley  of  the  motor.  Also  where  direct 
current  was  available,  a  motor  with  a  controller  for  ad- 
justing the  speed  was  used,  but  as  few  homes  are  sup- 
pHed  with  direct  current  this  type  of  outfit  was  of  lim- 
ited application.  All  of  these  motors  were  rather  large 
and,  as  each  of  the  various  machines  is  different  from 
the  others,  there  has  seemed  to  be  no  good  way  of 
mounting  a  relatively  large  motor  so  as  to  be  adaptable 
to  all  types.  Mounting  a  motor  on  a  drop-head  machine 
has  been  especially  unsatisfactory ;  it  has  been  necessary 
in  many  cases  to  remove  the  motor  from  the  machine 
or  to  leave  it  on  top  when  the  machine  was  closed,  cither 
of  which  is  objectionable. 

There  are  three  principal  points  which  determine 
whether  or  not  a  domestic  sewing  machine  motor  equip- 
ment will  meet  with  success,  i — The  motor  must  oper- 
ate the  machine  satisfactorily  and  the  control  must  be 
obtained  in  such  a  manner  that  it  is  taken  care  of  auto- 
matically by  the  operator.  2 — It  must  be  so  designed 
that  it  can  be  attached  quickly  by  the  most  inexperienced 
person  with  simple  instructions  only  and  without  mar- 
ring or  disfiguring  the  machine.  Arrangements  must 
also  be  made  for  taking  care  of  the  motor  when  the  ma- 
chine is  closed,  which  do  not  necessitate  removing  the 
motor  entirely.  3 — The  motor  must  sell  at  a  figure 
within  reach  of  the  majority  of  sewing  machine  users. 

Satisfactory  operation  will  be  obtained  only  when 
the  operator  can  run  the  machine  at  any  desired  speed 
from  zero  to  maximum,  can  start  it  quickly  but  smoothly 
and  be  able  to  stop  it  quickly  and  definitely.  These 
conditions  must  be  obtained  in  a  manner  that  does  not 
detract  the  operator's  attention  and  at  the  same  time 
leaves  both  hands  free  to  guide  or  manipulate  the  work. 
It  can  readily  be  seen  that  by  having  practically  a  con- 
tinuous range  of  speeds  from  zero  to  maximum,  the  ma- 


chine can  be  operated  at  whatever  speed  will  give  the 
best  results.  Quick  starting  and  stopping  will,  of  course, 
materially  cut  down  the  time  required  to  do  sewing 
which  requires  frequent  stops  or  turns.  Starting  and 
stopping  as  often  as  ten  times  to  the  minute  would  be 
entirely  beyond  the  operator's  power  with  a  foot-driven 
machine,  but  from  thirty  to  forty  starts  and  stops  per 
minute  can  be  obtained  easily  with  a  good  motor-driven 
machine. 

The  equipment  which  most  nearly  meets  these  re- 
quirements consists  of  a  series  type  motor  designed  to 
give  as  near  as  possible  a  flat  speed-tor(iue  characteristic 


FIG.    1 — SKW    MOTOR   .\S   .XPPI.IEI)  TO  STANDARD   l.OCK-STITCH 
SEWING    MACHINE 

near  the  break-down  point,  and  a  foot-operated  con- 
troller capable  of  giving  a  large  number  of  small  in- 
creases in  speed.  A  motor  having  these  characteristics 
has  a  relatively  large  starting  torque  without  any  undue 
increase  in  speed  at  light  load.  Since  most  homes 
are  supplied  with  alternating  current,  this  point  is  im- 
portant,-as  the  starting  torque  of  an  alternating-current 
series  motor,  in  relation  to  the  full-load  torque,  is  con- 
siderably less  than  that  of  a  similar  direct-current 
motor.  It  is  essential  that  the  motor  have  a  relatively 
high  starting  torque.  The  proper  starting  of  the  ma- 
chine is  the  hardest  condition  to  meet,  because  at  this 
point  there  is  no  flywheel  effect  to  help  equalize  the  load 
on  the  motor  due  to  the  resistance  offered  by  the  needle 
at  different  points  in  its  travel. 

The  power  can  be  transmitted  to  the   machine  by 
means  of  a  belt  or  friction  drive  with  some  automatic 
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means  for  keeping  the  belt  or  friction  drive  tight.  In 
some  special  cases  a  direct  drive  through  a  flexible 
coupling  may  be  advisable.  Of  the  two  drives,  friction 
and  belt,  the  latter  is  preferable,  because  friction  drives 
are  noisy  unless  one  of  the  wheels  is  of  a  soft  material, 
such  as  rubber  or  cork.     The  wear  of  a  soft  wheel  is 


FIG.   2 — SEW    MOTOR    MOUNTED    ON    DROP-HEAD 

With  machine  in  position  for  closing, 
exceedingly  rapid  and,  since  the  wheel  does  not  wear 
uniformly,  even  a  drive  employing  a  soft  friction  wheel 
soon  becomes  noisy.  In  case  the  hand-wheel  of  the 
sewing  machine  is  used  as  one  of  the  friction  wheels,  oil 
may  be  transmitted  to  this  wheel  from  the  motor  pulley 
and  the  operator's  hands  become  soiled. 

One  method  of  mounting  a  belted-type  motor  is 
shown  in  Fig.  3.  This  consists  of  a  small  series  motor 
with  two  lugs  cast  to  the  frame,  through  which  it  is 
hinged  to  a  mounting  bracket.  The  mounting  bracket 
is  made  in  two  pieces,  one  of  which  is  fixed  to  the  sew- 
ing machine  table  by  a  bolt  which  passes  through  the 
rear  belt  hole.  The  other  piece  is  swiveled  to  the  fixed 
piece  so  that  it  may  be  revolved  180  degrees  in  a  plane 
parallel  to  the  table  top,  a  wing  nut  being  provided  for 
tightening  it  in  its  extreme  position.  The  motor  is 
hinged  to  this  movable  part  with  a  helical  spring,  which 
is  incorporated  in  the  hinge  joint  and  so  arranged  that 
it  tends  to  push  the  motor  away  from  the  sewing  ma- 
chine, thereby  keeping  the  belt  always  tight.  This  spring 
hinge  takes  care  of  the  different  lengths  of  belt  required 
by  different  types  of  sewing  machine.  Where  the  bobbin 
winder  is  belt-driven,  the  belt  is  slipped  from  the 
sewing  machine  driving  wheel  to  the  bobbin-winder 
pulley  when  it  is  desired  to  wind  the  bobbin.  Where  the 
bobbin  winder  is  friction-driven,  the  usual  method  is 
followed. 

The  fixed  support  has  a  guide  which  slips  into  the 
front  belt  hole  and  keeps  the  motor  in  alignment.  Felt 
pads  are  attached  to  the  underside  of  the  fixed  support 


at  three  points  to  keep  the  machine  from  being  scratched. 
To  attach  the  motor  to  any  ordinary  domestic  sewing 
machine,  slip  the  clamping  bolt  in  the  rear  belt  hole  and 
tighten  down  the  table  block  with  the  nut  A,  shown  in 
Fig.  3.  The  motor  support  is  then  slipped  over  this 
bolt  with  the  guide  in  the  front  belt  hole  and  the  thumb 
nut  B  is  securely  tightened.  The  belt  is  slipped  over 
the  motor  and  sewing  machine  pulleys  and  the  outfit  is 
ready  for  use.  Since  all  machines  do  not  run  in  the 
same  direction  it  is  necessary  that  some  means  be  sup- 
plied for  reversing  the  motor,  and  in  this  case  a  novel 
scheme  has  been  developed.  A  hole  is  made  in  the 
frame  under  the  nameplate,  in  which  are  located  two 
small  connectors,  which  clamp  the  armature  and  field 
leads  together  and  two  fiber  tubes  for  slipping  over  the 
outside  of  the  connectors  to  insulate  them  from  the 
frame.  To  reverse  the  motor  it  is  only  necessary  to  re- 
move the  nameplate,  slip  the  tubes  from  the  connectors, 
loosen  the  screw  and  reverse  either  the  armature  or  field 
leads. 

The  motor  and  controller  are  connected  together  by 
a  short  flexible  cable  which  includes  a  separable  plug,  so 
that  they  can  be  disconnected  easily,  while  the  controller 
is  connected  directly  to  the  line.  When  closing  a  ma- 
chine of  the  drop-head  type,  the  belt  is  removed  from 
the  motor  pulley,  the  controller  is  disconnected  from 
the  motor,  and  the  motor  is  swung  under  the  arm  of 
the  sewing  machine  about  the  bolt  C  as  a  pivot.  The 
motor  is  then  in  position  for  closing  the  machine.  In 
the  case  of  a  box-type  machine,  when  the  box  will  not 
go  over  the  motor  in  the  operating  position,  the  same 
procedure  is  followed.  If  for  any  reason  it  is  desired 
to  take  the  motor  off  the  machine,  it  is  only  necessary  to 
remove  thumb  nut  B,  when  the  motor  and  mounting 
bracket  mav  be  lifted  ofif. 


FIG.   3 — REL.\TIVE    POSITION    OF   BELTED-TYPE    MOTOR    MOUNTED 
ON    SEWING    M.\CHINE 

The  controller  plays  an  important  part  in  the  sewing 
machine  outfit,  for  upon  it  depends  the  satisfactory  oper- 
ation of  the  motor.  To  make  good  control  possible,  the 
controller  must  have  a  large  number  of  steps,  so  that 
the  variation  in  speed  of  the  motor  for  each  step  will  be 
slight  and,  at  the  same  time,  the  motion   required  to 
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operate  the  controller  from  its  off  position  to  its  full  on 
position  should  be  relatively  short.  In  these  two  features 
lies  the  whole  secret  of  successful  control.  A  large  num- 
ber of  steps  in  the  controller  gives  the  motor  speed  which 
is  best  suited  for  any  particular  work,  while  a  relatively 
short  motion  of  the  controller  cuts  down  the  time  in 


FIG.  4— CONTROLLER  USED   WITH   PORTABLE  CHAIN-STITCH 
SEWING  MACHINE 

Showing  tube  resistors  and  phosphor-bronze  spring  contactor 

which  short-circuits  successive  resistor  segments  as  the 

foot-pedal  is  pressed  downward. 

starting  and  stopping.  There  will  always  be  a  certain  in- 
terval between  the  time  the  operator  chooses  to  stop  the 
machine  and  the  actual  operation  of  the  controller,  and 
anything  which  tends  to  increase  this  time  interval 
makes  definite  stopping  more  difficult.  Fig.  4  illustrates 
such  a  controller,  with  the  outer  casing  cut  away  to 
show  the  internal  parts.  This  controller  consists  essen- 
tially of  two  insulated  tubes  wound  with  a  large  number 
of  turns  of  wire,  with  the  wire  bared  for  about  one-half 
of  its  width  along  the  top  of  the  tube  and  a  phosphor- 
bronze  spring  bent  in  the  shape  of  an  arc  and  rolled 
along  the  two  tubes,  thus  connecting  them  at  successive 
points.  These  tubes  are  connected  in  series  with  the 
line  so  that  when  the  phosphor-bronze  spring  is  not 
touching  the  wires,  the  circuit  is  open.    As  the  phosphor- 


no.   5 — COMPLETE   PORTABLE  CHAIN-STITCH    SEWING 
M.\CHINE  OUTFIT 

bronze  spring  first  comes  in  contact  with  the  tube  the 
whole  of  the  resistance  is  in  series  with  the  motor;  as  it 
rolls  along  it  short-circuits  successive  turns  until  when  it 
reaches  the  other  end  all  of  the  resistance  has  been 


short-circuited.  The  controller  has  the  phosphor-bronze 
member  backed  up  by  a  heavier  spring  of  bronze,  one 
end  of  which  acts  as  a  switch  for  making  and  breaking 
the  circuit  and  the  other  end  for  completely  cutting  all 
the  resistance  out  of  circuit.  The  tubes  have  heavy 
copper  bands  on  each  end,  which  act  in  conjunction  with 
the  spring  and  eliminate  any  arcing  between  the  resist- 
ance wire  and  the  moving  member.  At  the  same  time 
that  the  phosphor-bronze  moving  member  rolls  along  the 
resistance  tube  there  is  a  slight  sliding  motion  forward, 
which  always  insures  good  contact  between  the  resistor 
and  the  moving  member.  This  feature  is  accomplished 
by  the  two  small  rollers  at  the  rear  of  controller,  as 
shown  in  Fig.  4.  The  controller  is  so  constructed  with 
stops  and  springs  that  it  is  impossible  to  break  it  or  get 
it  out  of  order  by  any  reasonable  pressure;  an  ordinary 
person  can  put  his  whole  weight  on  the  controller  with- 
out injuring  it  in  the  least.  The  controller  shown  in 
Fig.  4  is  for  use  in  connection  with  the  portable  outfit 
shown  in  Fig.  5.  This  same  controller,  with  a  difTerent 
housing  and  a  bracket  for  attaching  to  the  treadle  of  any 
domestic  sewing  machine,  is  shown  in  Fig.  6.  The 
bracket  for  mounting  the  controller  on  the  treadle  con- 
sists of  a  spring  clamp  which  slips  under  the  treadle.    A 


FIG.  O — COMri.ETK   Si;\V    MoroR  OUTFIT 

Showing  sew  motor,  controller  and  all  accessories  as  used  on 
lock-stitch  sewing  machine,  Figs,  i  and  2. 

chain  is  attached  to  the  controller  arm,  and  the  other 
end  of  the  chain  is  attached  to  some  stationary  part  of 
the  machine,  so  that  as  the  treadle  is  pressed  down 
the  controller  operates.  A  spring  is  supplied  in  the 
controller  to  compensate  for  the  weight  of  the  treadle, 
so  that  when  the  foot  is  removed  from  the  treadle  the 
controller  returns  immediately  to  the  off  position.  The 
speed  control  is  obtained  by  pressing  on  the  treadle  with 
either  foot.  The  actual  motion  from  off  to  full  on  posi- 
tion is  approximately  one  inch,  which  is  about  as  short 
as  is  practical 

A  portable  sewing  machine  outfit  of  the  chain-stitch 
type  is  shown  in  Fig.  5,  with  the  motor  coupled  directly 
through  a  flexible  coupling  and  with  the  controller  en- 
cased in  a  special  housing.  The  sewing  machine  com- 
plete with  bedplate  and  motor  weighs  approximately  15 
pounds,  while  the  controller  weighs  approximately  4.5 
pounds.  This  makes  a  very  light  outfit,  which  can 
easily  be  carried  from  one  room  to  another,  and  set  on 
anv  ordinary  table. 
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BY  PHASE  rotation  is  meant  the  order  in  which  the 
several  phases  reach  their  maximum  values.  Thus, 
if  there  are  three  phases,  A,  B  and  C,  they  have 
rotation  in  one  direction  if  the  sequence  of  reaching 
maximum  value  is  A,  then  B,  then  C,  etc.,  and  opposite 
phase  rotation  if  sequence  is  A,  then  C,  then  B,  etc. 
Simple  magnetic  and  electric  circuits  are  shown  in  Fig.  i, 
representing  a  two-pole,  two-phase  revolving  field  gen- 
erator. Assuming  the  direction  of  rotation  to  be  counter- 
clockwise, the  arrows  show  the  direction  in  which  the 
maximum  values  of  e.m.f.  are  induced  in  B  phase  at  the 
instant  that  the  center  line  of  the  poles  is  in  line  with  B. 
Evidently  the  same  values  of  e.m.f.  will  be  induced  in  A 
when  the  rotor  will  have  turned  through  90  degrees. 
Therefore  the  sequence  in  which  maximum  e.m.f.  is  in- 
duced in  B-^  and  A.^  is  B,  then  A.  The  instantaneous 
values  for  this  condition  are  shown  in  Fig.  2,  and  in 
Fig.  6  is  shown  the  corresponding  vector  diagram.  The 
other  ends  of  the  phases  B^  and  A^  are  also  indicated  in 
Fig.  6,  this  being  the  complete  diagram  such  that  sum- 
mation of  all  vectors  is  zero.     Hence  the  complete  dia- 


FIG.   I — ELEMENTARY   SCHEMATIC  DIAGRAM  OF 
TWO-PHASE  ALTERNATOR 

gram  shows  the  phase  sequence  to  be  B^,  A^,  B^,  A^, 
B„  etc. 

If  the  direction  of  rotation  of  the  rotor  is  reversed 
so  as  to  become  clockwise,  the  direction  in  which  the 
e.m.f.  in  phase  B  is  induced  will  be  opposite  to  that 
shown  in  Fig.  i  ;  that  is,  if  the  reversal  occurs  at  the 
instant  of  time  that  the  center  line  of  the  poles  is  in  line 
with  center  line  of  slots  the  wave  for  B  must  be  reversed, 
as  shown  in  Fig.  3.  Although  phase  A  is  reversed,  it  is 
shifted  in  time  by  (90  +  90  =)  180  degrees,  so  that  the 
net  effect  brings  the  A  wave  to  the  same  position  as  in 
Fig.  2.  Then  A  reaches  its  maximum  before  B,  and  the 
phase  rotation  is  opposite  to  that  shown  in  Fig.  2.  Had 
the  reversal  taken  place  when  the  center  line  of  poles 
was  in  line  with  phase  A,  then  the  sine  wave  A  would 
have  reversed  and  B  would  not  have  changed,  but  the 
net  effect  upon  phase  rotation  would  have  been  the  same. 
The  vector  diagram  for  clockwise  (negative)  phase  rota- 
tion is  shown  in  Fig.  7.* 

It  is  evident  that  the  phase  rotation  of  a  two-phase 
system,  fed  by  one  or  more  two-phase  generators,  may  be 
reversed  by  interchange  of  the  leads  of  either  one  of  the 
two  phases,  but  not  of  both  phases,  without  in  any  way 


changing  the  generator  or  its  direction  of  rotation.  Con- 
versely, the  phase  rotation  of  a  two-phase  synchronous 
or  induction  motor  may  be  reversed  by  interchange  of 
leads  of  one  of  the  two  phases,  and  in  consequence  its 
direction  of  rotation  will  be  reversed.  It  is  seldom  that 
the  two  phases  in  a  two-phase  machine  are  joined  at  the 
mid-points,  as  0  in  Figs.  6  and  7,  although  this  may  be 
done.  The  two-phase  generator  then  may  be  considered 
to  be  a  four-phase  machine,  the  phases  being  OB^  OA^, 
OB2  and  0^2-  The  winding  as  shown  in  Figs.  6  and  7  is 
star  connected.  It  is  possible  to  connect  in  mesh  (cor- 
responding to  three-phase  delta),  as  indicated  in  Figs.  8 
and  9,  the  former  being  obtained  from  Fig.  6  for  counter- 
clockwise and  the  latter  from  Fig.  7  for  clockwise  rota- 
tion. This  produces  either  a  two-phase  or  a  four-phase 
system ;  two-phase  between  vertices  diagonally  opposite, 
and  four-phase  between  adjacent  vertices.  The  voltage 
between  adjacent  vertices  is  one-half  of  that   for  the 


ncs.  2,  3,  4  and  5 — sequence  of  w.a.ves  ik  a  two-phasE 

ALTERNATOR  WITH  DIFFERENT  PHASE  ROTATIONS 

usual  two-phase  star  or  diametrical  connection;  andjhe 
voltage  between  diagonally  opposite  vertices  is  1.414 
times  the  voltage  between  adjacent  vertices;  or  is  0.707 
times  the  usual  two-phase  voltage. 

THREE-PHASE    MACHINES 

A  three-phase,  two-pole  generator  is  shown  in  Fig. 
10,  connected  in  star.     The  neutral  point  is  formed  by 

*The  two-phase  connections  shown  in  Figs.  6  and  7  are  in 
reaUty  four-phase  diametrical  connections,  just  as  the  most 
generally  used  si.x-phase  transformer  connection  for  rotary  con- 
verters is  diametrical.  The  si.x-phase  diametrical  connection  is 
not  called  three-phase,  yet  it  is  just  as  much  three-phase  as  the 
scheme  shown  in  Figs.  6  and  7  is  two-phase.  However,  usage 
has  accustomed  us  to  think  of  a  four-phase  as  a  two-phase 
system,  whereas  undoubtedly  the  proper  naming  thereof  is  four- 
phase.  In  earlier  days  they  were  called  quarter-phase  systems, 
which  name  would  cover  the  scheme  of  connections  for  four- 
phase  or  so-called  two-phase  system.  The  complete  two-phase- 
four-phase  instantaneous  diagrams  are  shown  in  Figs.  4  and  5. 
The  sine  waves  in  Fig.  4  are  plotted  for  counter-clockwise  rota- 
tion, as  in  Figs.  1,  2,  6  and  8;  and  Fig.  5  for  clockwise  rotation, 
as  in  Figs.  7  and  9.  Fig.  5  was  obtained  from  4  by  interchang- 
ing B,  and  Bj. 
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joining  leads  120  degrees  apart,  A.,,  B^  and  Cj.  For 
counter-clockwise  rotation  B^  reaches  its  maximum  value 
120  degrees  before  C^,  and  C^  120  degrees  before  A^ ;  or 
phase  rotation  is  B,  C,  A,  B,  C,  etc.,  as  is  plotted  in  Fig. 
II.  These  curves  show  the  voltages  between  neutral  and 
the  terminals.     Since  the  neutral  connection  is  made  by 


D^'  O, 


FIGS.  6,  7,  8  and  9 — vector  di.\gr.\ms  of  two-ph.\se  waves 

joining  leads  at  the  same  end  of  the  machine,  the  voltage 
between  terminals  is  found  by  subtracting  the  voltage  of 
one  phase  between  neutral  and  terminal  from  that  of  the 
succeeding  phase  between  neutral  and  terminal.  Thus, 
using  counter-clockwise  rotation,  the  voltage  between  C, 
and  A^  is  obtained  by  deducting  the  voltage  of  A  phase 
at  each  instant  from  the  voltage  of  C  phase  at  the  cor- 
responding instant.  In  this  way  the  curves  in  Fig.  12 
are  obtained.  If  now  equal  vectors  represented  by  B^, 
Ci  and  A^  in  Fig.  13  occupy  the  same  relative  positions 
as  the  conductors  in  Fig.  10,  the  e.m.f.  between  B^  and 
C2  is  B-C,  between  C^  and  A^  is  C-A,  and  between  A-i 
and  Bj  is  A-B.  The  order  in  which  the  three  phases 
reach  their  maximum  between  terminals  is  C-A,  then 
A-B,  then  B-C,  taken  from  Figs.  12  or  13  (in  using  Fig. 
13  it  is  understood  that  counter-clockwise  rotation  of 
vectors  is  positive).  If  three  terminals  are  formed  by 
joining  leads  A^  to  B^,  A^  to  Ci,  and  B„  to  Cj,  a  delta 
connection  is  formed.  By  transferring  each  of  the  three 
neutral-to-terminal  vectors  of  Fig.  13  the  delta  connec- 
tion is  formed  as  shown  in  Fig.  14.  The  phase  rotation 
in  Fig.  14  is  the  same  as  in  Fig.  13.  It  is  also  possible  to 
obtain  delta  connection  of  negative  phase  rotation  by 
different  grouping. 

If  now  in  Fig.  10  the  direction  of  rotation  be  reversed 
at  the  instant  that  the  center  line  of  the  poles  coincides 
with  the  center  line  of  the  slots,  phase  B  will  be  reversed. 
Evidently  phase  A  will  reach  its  maximum  in  time  120 
degrees  later  than  B,  and  phase  C  120  degrees  later  than 


FIG.   10 — ELEMENTARY  SCHEMATIC  DIAGR.\M  OF 
THREE-PHASE  ALTERNATOR 

A.  Thus  the  sequence  of  negative  (clockwise)  phase 
rotation  shown  in  Fig.  15  is  C,  B,  A,  C,  etc.,  as  compared 
with  A,  B,  C,  etc.,  for  positive  (counter-clockwise)  rota- 
tion shown  in  Fig.  11  ;  or  the  order  of  two  of  the  phases 
is   reversed.     From   Fig.    15  terminal  voltages   can  be 


obtained,  as  shown  in  Fig.  16,  in  same  manner  as  Fig.  12 
was  obtained  from  Fig.  11.  Remembering  that  counter- 
clockwise rotation  of  vectors  has  been  standardized  as 
positive,  that  Cj  must  fall  120  degrees  behind  B^,  and 
A^  120  degrees  behind  Q,  and  also  that  B  phase  is  re- 
versed, Fig.  17*  is  obtained.  Comparing  Fig.  16  with 
Fig.  12,  and  Fig.  17  with  Fig.  13,  it  will  be  noted  that 
C-A  is  the  same  in  both  rotations,  but  that  B-C  and  A-B 
are  interchanged.  Whereas  the  sequence  in  Figs.  12  and 
13  was  counter-clockwise  (positive),  in  Figs.  16  and  17 
it  is  clockwise  (negative).  Also  with  A,  B,  C,  etc.,  as 
the  sequence  of  phases  between  neutral  and  terminals, 
the  direction  of  motion  with  positive  rotation  is  from 
left  to  right  in  sine  waves,  and  counter-clockwise  in 
vector  diagrams,  as  shown  in  Figs.  11  and  13;  whereas, 
with  the  same  sequence  of  phases,  the  direction  of  motion 
with  negative  rotation  is  from  right  to  left  in  sine  waves, 
and  clockwise  in  vector  diagrams  (see  Figs.  15  and  17). 
Similar  relations  can  be  obtained  by  comparing  Figs.  12 
and  13  with  Figs.  16  and  17,  respectively.  Fig.  18  is 
obtained  from  Fig.  17,  using  the  same  connections  as  in 


FIG.   II — VOLT.\GES  TO  NEUTRAL  IN  A  THREE-PHASE  ALTERNATOR 

FIG.   12 — VOLTAGES  BETWEEN  PHASES 

FIG.    13— VECTOR    DL\GRAM    FOR    STAR    CONNECTION    OF    THRF.K-PHASE 

ALTERNATOR,   SHOWING    VOLTAGES   TO    NEUTRAL,   AND 

VOLTAGES  BETWEEN  PHASES 

FIG.    14 — VECTOR   DI.\GRAM    OF    SAME    WINDING   CONNECTED    IN    DELTA 

the  other  delta  in  Fig.  14,  but  is  found  to  have  opposite 
(negative)  phase  rotation. 

The  importance  of  the  following  facts  should  be 
emphasized : — The  sequence  of  maximum  values  of 
e.m.f.  in  a  three-phase,  three-wire  system  can  be  re- 
versed if  any  two  of  the  three  wires  from  the  supply  be 
interchanged  without  in  any  way  altering  the  generators ; 
and  the  direction  of  rotation  of  a  synchronous  or  induc- 
tion motor  may  be  reversed  by  reversing  its  phase  rota- 
tion ;  that  is,  by  interchange  of  any  two  leads.  These 
facts  will  be  evident  from  an  inspection  of  Figs.  10  to  17 
in  conjunction  with  the  foregoing  explanations. 

SIX-PHASE    MACHINES 

A  six-phase  generator  is  shown  in  Fig.  19  in  which 
each  of  the  six  slots  carries  one  phase  of  the  six-phase 


*There    are    other    ways    of    explaining    the    positions    of 
vectors,  but  we  have  endeavored  to  choose  the  simplest. 
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winding.  It  will  be  seen  at  once  that  with  counter- 
clockwise rotation  the  sequence  of  phases  is  B^,  A^,  C^, 
B^,  A^,  Cj.  The  instantaneous  values  of  these  electro- 
motive forces  are  plotted  in  Fig.  20.  Or  if  it  is  assumed 
that  the  other  ends  of  the  six  phases  are  joined  to  form 


FIGS.    15,    16,    17   and    18 — DI.\GR.\MS    SIMILAR   TO   THOSE    SHOWN    IN 

FIGS.  II,  12,  13  and  14,  BUT  for  opposite  phase  rotation 
a  neutral  point  for  star  connection,  the  electromotive 
forces  may  be  represented  vectorially,  as  in  Fig.  21,  and 
the  sequence  is  such  as  to  give  counter-clockwise  rota- 
tion. This  may  be  looked  upon  also  as  a  six-phase 
diametrical  connection,  but  the  three  phases  are  usually 
not  joined  at  their  mid  points  to  form  a  neutral.  The 
diagram  in  Fig.  21  may  again  be  broken  into  two  star- 
connected  three-phase  systems,  as  in  Fig.  22,  in  which 
each  system  has  the  same  phase  rotation  as  the  six-phase 
system.  The  double-delta  system  for  six-phase  mesh 
connection  may  be  similarly  analyzed. 

It  is  evident  that  if  both  three-phase  systems  shown 
in  Fig.  22  be  reversed,  the  resultant  six-phase  system 
will  also  be  reversed.  For  example,  the  reversal  may  be 
effected  as  shown  in  Fig.  23,  which  would  follow  if  the 
rotor  were  reversed  when  in  the  position  shown  in  Fig. 
19.  If  these  two  three-phase  systems  were  then  placed 
one  over  the  other,  so  as  to  permit  their  neutrals  to  coin- 
cide, the  resultant  six-phase  system  would  have  clock- 


Fir,.    19 — ELEMENTARY    SCHEMATIC    DIAGRAM    OF 
SIX-PHASE  ALTERNATOR 

wise  (negative)  phase  rotation  for  the  same  sequence  of 
phases,  as  in  Figs.  19  to  22,  inclusive  ;  or  the  same  (nega- 
tive) sequence  of  phases  would  obtain  if  each  of  the  two 
three-phase  systems  were  reversed  by  interchange  of 
A^  with  C„  and  A^  with  Cj,  etc. 

GENERAL    RULE 

A  very  simple  rule  may  be  derived  for  effecting  a 
reversal  of  phase  rotation  for  any  polyphase  system.     If 


the  n  phases  of  any  system  be  represented  as  in  Fig.  24, 
choose  any  diameter,  such  as  e-k,  and  imagine  the  plane 
of  the  paper  rotated  through  180  degrees  about  this  diam- 
eter. This  results  in  the  diagram  given  in  Fig.  25,  in 
which  for  the  same  sequence  the  direction  of  rotation  is 
opposite  to  that  in  Fig.  24.    Thus  in  Fig.  26  (an  odd  and 


FIG.  20 — SEQUENCE  OF  WAVES  IN  A  SIX-PHASE  ALTERNATOR 

FIG.  21 — VECTOR  DIAGRAM  OF  SIX-PHASE  ALTERNATOR 

FIGS.   22   and   23 — SIX-PHASE   DIAGRAM   RESOLVED   INTO  TWO 

COMPONENT   THREE-PHASE   DIAGRAMS 

Showing  that  reversal  of  phase  rotation  of  a  si.x-phase  machine 

machine  is  obtained  by  reversal  of  each  of  the 

three-phase  components. 

prime  number  of  phases  has  been  purposely  chosen  to 
illustrate  the  application  of  the  general  rule)  five  phases 
are  shown  for  counter-clockwise  rotation  for  sequence  of 
a  b  c  d  e.  This  may  be  reversed  by  rotating  through  180 
degrees,  say  about  the  diameter  through  a,  in  which  case 
b  and  c  will  interchange  respectively  with  e  and  d,  thus 
obtaining  Fig.  27  of  opposite  phase  rotation.  Or  it  may  be 
rotated  about  a  diameter  MN  at  right  angles  to  the  diam- 
eter through  a  and  result  in  Fig.  28,  of  opposite  phase 
rotation  to  Fig.  26.  In  general,  the  preferable  method  is 
to  choose  the  diameter  about  which  the  phase  diagram 
is  to  be  rotated  so  that  it  will  coincide  with  the  vector 


FIGS.  24  to  28 — GENERAL  METHOD  OF  REVERSING  PHASE  ROTATION  IN 
A  MACHINE  OF  ANY  NUMBER  OF  PHASES 

of  one  phase  to  neutral  (or  two  phases,  with  an  even 
number  of  phases).  To  further  illustrate  its  application, 
this  rule  may  be  applied  to  the  various  figures  previously 
referred  to  in  connection  with  two,  three  and  six-phase 
systems. 


For  the  S.S.  Maui 


W.  W.  Smith 

THE  S.S.  ]\Iaui,  which  is  nearing  completion  at  the  The  operating  conditions  at  the  turbines  are:— 

Union  Iron  Works,  San  Francisco,  for  the  Mat-  Steam  pressure 225  lbs.  gage. 

son  Navigation  Company,  is  the  first  large  pas-  Superheat 50  degrees  F. 

senger  vessel  in  this  country  to  be  equipped  with  geared  Vacuum 28.5  in.  referred  to 

r    ,                ,          c             -J  30  m.  barometer, 
turbine  machmery.    Most  of  the  vessels  so  far  equipped 

with  geared  turbines  have  been  single  screw  and  of  com-  turbines 

paratively  small  power — from  2000  to  3000  horse-  The  turbines  are  of  the  Westinghouse  impulse- 
power,  whereas  this  installation  is  twin  screw  and  will  reaction  cross-compound  type,  as  illustrated  in  Figs.  2 
develop  10  000  hp  at  full  speed.  The  Maui  will  be  used  and  3.  At  full  power  the  turbines  are  designed  to  de- 
for  passenger  and  freight  service  between  San  Francisco  velop  2500  hp  each,  or  a  total  of  5000  hp  for  each  unit 
and  the  Hawaiian  Islands,  the  scheduled  run  being  5.8  at  a  speed  of  2070  r.p.m.  The  ahead  high-pressure  tur- 
days  (distance  2080  miles).  The  outbound  cargo  will  bine  is  composed  of  a  two-row  impulse  wheel  followed 
be  general,  and  the  return  cargo  sugar,  fruit,  etc.  Ex-  by  reaction  blading  on  a  drum.  The  ahead  low-pressure 
tensive  passenger  accommodations  of  the  first  class  are  turbine  is  of  the  reaction  typo.     The  astern  high-pres- 


FIG.    I — THE  STEAMSHIP   MAUI 

To  be  used  for  passenger  and  freight  service  between  San  Francisco  and  the  Hawaiian  Islands, 

also   provided.     The    dimensions   of   the   ship   are   as  sure  and  low-pressure  turbines  are  two-row   impulse 

follows: —  wheels.     In  both  ahead  and  astern  turbines  the  steam 

Length,  over  all 501  ft.  passes  successively  through  the  high  and  low-pressure 

Beam,  moulded  58  ft.  turbines.     The  turbine  cylinders  are  made  of  cast  iron, 

Draft,  load  29  ft.  II  in.  ■'                                         1  •            1  ■  1 

except  the  ahead  end  of  the  high-pressure  turbine,  which 

BOILERS  AND  -AUXILIARY  MACHINERY  .         /                     ,           ,              ,..,,,.              ,      , 

.  is  of  cast  Steel,  and  are  divided  on  a  horizontal  plane. 

Steam    is    supplied    by    eight    Babcock    &    Wilcox  The  ahead  nozzle  chamber  is  divided  into  three  com- 

marme  type  water  tube  boilers,  which  are  fitted  with  ^..^^^^^^  ^^^,^  ^j  ^l^i^^  are  provided  with  hand-oper- 

superheaters  and  equipped  for  burning  fuel  oil.  ^^^^  ^^j^^^  ^^^  ^,^^5^^  ^^  p^^^  ^^  ^^^  ^^^^,^^  ^^  ^^^^^^^^ 

PROPELLING  MACHINERY  powef.     With  this  arrangement  of  group  control,  all. 

The  propelling  machinery  is  located  in  the  stern,  and  five-sixths,  or  three-fourths  of  the  nozzles  can  be  in 

consists  of  cross-compound  geared  turbines  driving  out-  operation  as  required.     The  astern  nozzles  are  not  ar- 

turning  twin  propellers.    Each  main  unit  is  composed  of  ranged  for  group  control,  because  economy  at  reduced 

a  high  and  a  low-pressure  turbine  and  a  dotible-pinion  astern  power  is  of  little  importance, 

reduction  gear.     The  propelling  machinery  is  designed  Balance  pistons  are  located  at  the  inlet  ends  of  the 

to  develop  10  000  s.hp,  the  performance  data  being  as  ahead  high-pressure  and  low-pressure  turbines  to  bal- 

follows  at  a  speed  of  16.5  knots  :—  ance  partially  the  steam  thrust  on  the  drums.     Balance 

Condition.                           Light.         Loaded.  pipes  connect  the  spaces  behind  the  dummies  with  the 

R.p.m.-Propeller 125              129.5  exhaust  from  corresponding  reaction  blading. 

K.p.m. —  lurbme 1995                 2070  ^            °                 ,r     ,.      .                         , 

Shaft  hp— Ahead 8500            loooo  The  main  bearings  are  of  the  self-aligmng  type  and 

Shaft  hp— Astern 5I00*             6000  ^^.^  provided  with  pads  and  liners,  bv  means  of  which 

^Reduced  boiler  power.                          ,   ,       ,    ,  the  rotor  can  be  adjusted  vertically  and  horizontally.   Oil 

1  he  astern  turbines  will  developed  60  percent  of  the  ahead  j   •     i    j 

power  with  the  same  flow  of  steam.  is  supplied  through  the  bottom  pad  and  is  led  up  to  a 
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distributing   groove    in   the   top    of    the   bearing.     The     of  emergency,  the  turbines  being  controlled  by  the  main 
thrust  bearing  is  of  the  Kingsbury  segmental  type,  and     throttle  valves  in  all  cases.     The  arrangement   of  the 


is  provided  with  means  for  moving  the  rotor  endwise 
for  adjusting  the  dummy  clearances.  The  turbine  shaft 
is  connected  to  the  flexible  shaft  of  the  pinion  by  means 
of  a  pin  coupling,  which  permits  the  pinion  to  move 
endwise. 


turbine  steam  valves  and  piping  is  shown  diagram- 
matically  in  Fig.  6.  The  operation  of  either  the  high- 
pressure  or  low-pressure  turbine  governor  will  cause 
the  valve  to  close  in  case  the  turbine  overspeeds.  With 
this   arrangement  the  turbine   is   not   shut   down   com- 


FIG.   2 — HIGH-PRESSURE  TURBINE 


FIG.  3 — LOW-PRESSURE  TURBINE 


An  emergency  overspeed  governor  is  located  for- 
ward of  the  thrust  bearing,  and  is  driven  from  the  tur- 
bine shaft  by  spiral  gears.  The  governor  is  of  the 
centrifugal  type  and  controls  the  governor  valve  in  the 
main  steam  line  by  means  of  a  steam  relay.  The  float- 
ing lever  and  pilot  valve  are  located  on  the  governor. 
Steam  from  the  pilot  valve  is  piped  to  the  relay  cylinder 
which  operates  the  governor  valve,  and  the  motion  of 
the  latter  is  transmitted  back  to  the  floating  lever 
through  shafts  and  rods. 

The  lifting  gear  is  composed  of  I-beam  girders  and 
chain  hoists  above  the  turbines  and  gears,  and  special 
slings  and  guides  are  provided  for  lifting  the  rotors 
without  injury  to  the  blading.  The  turning  gear  con- 
sists of  an  electric  motor,  connected  to  the  turbine  rotor 
by  means  of  worm  gearing.  The  turbine  rotors  were 
tested  to  20  percent  above  the  designed  full  speed,  or 
to  2400  r.p.m. 

TURBINE  VALVE  GEAR  AND  STEAM    PIPING 

The  admission  of  steam  to  the  ahead  and  astern  tur- 
bines is  controlled  by  two  balanced  throttle  valves,  both 


Of  the  impulse-reaction,  cross-compound  type. 

pletely  and  is  always  under  direct  control  of  the  maneuv- 
ering valves. 

REDUCTION    GEARS 


The  reduction  gears  are  of  the  Westinghouse  double- 
helical  type  with  mechanical  floating  frames,  as  shown 
in  Figs.  7  and  8.  The  floating  frames  are  provided  with 
hydraulic  dynamometers  for  the  measurement  of  power, 
and  a  Kingsbury  thrust  bearing  is  placed  at  the  forward 
end  to  take  the  propeller  thrust.  At  the  designed  full 
speed  the  gears  reduce  the  speed  from  2070  to  129.5 
revolutions,  the  reduction  ratio  being  15.95  to  i.  Each 
pinion  transmits  2500  horse-power,  the  total  for  each 
gear  being  5000  hp.  The  gears  are  of  the  double-helical 
type,  the  teeth  being  inclined  at  an  angle  of  30  degrees. 
The  teeth  are  of  involute  form  and  are  cut  with  utmost 
precision  to  obtain  quiet  and  reliable  operation. 

The  pinion  is  of  the  three-bearing  type  and  is  car- 
ried in  a  heavy  floating  frame,  which  automatically 
maintains  the  alignment  of  the  pinion  and  gear  under 
all  conditions  of  load,  thereby  producing  uniform  dis- 
tribution of  pressure  over  the  entire  length  of  tooth  face. 


FIG.   4 — HIGH-PRESSURE  TURBINE   SPINDLE 

Showing  ahead  and  astern  (right)  impulse  wheels,  ahead  reac- 
tion blading,  water  gland  runners,  thrust  collar,  governor 
drive   (left)   and  flexible  coupling   (right). 

of  which  are  contained  in  one  body  and  operated  by  the 
same  hand  wheel.  The  piping  and  valves  are  arranged 
so  that  in  addition  to  the  normal  cross-compound  oper- 
ation, either  the  high-pressure  or  the  low-pressure  ahead 
or  astern  turbines  can  be  operated  independently  in  case 


FIG.  5 — LOVl'-PRESSURE  TURBINE  SPINDLE 

Showing  ahead  reaction  blading,  astern  impulse  wheel. 

water   gland   runners    and    flexible 

coupling  (right). 

The  pinion  is  driven  by  a  flexible  shaft  which  extends 
through  it  and  is  secured  to  the  end  distant  from  the 
coupling.  The  flexible  coupling  permits  the  pinion  to 
move  endwise,  and  the  flexible  shaft  permits  it  to  tilt 
under  the  action  of  the  teeth,  so  as  to  bring  it  into  per- 
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feet  alignment.  The  resulting  uniform  distribution  of 
tooth  pressure  at  all  loads  permits  the  use  of  higher 
pressures  and  smaller  pinions  and  gears  than  is  the 
practice  with  rigid  bearing  gears. 

HYDRAULIC  DYNAMOMETERS 

Hydraulic  dynamometers  for  measuring  the  power 
transmitted  are  incorporated  in  the  pinion  frames.    The 


Turbm«  Shan 


FIG.  6— DI.XC'.KAM   OK   STE.-\M   PIPING  AND  VALVKS  OK 
MAIN   TURBINES 

A — High-pressure  ahead  turbine;  B — High-pressure  astern 
turbine ;  C — Low-pressure  ahead  turbine ;  D — Low-pressure 
astern  turbine ;  E — Automatic  governor  overspeed  valve ;  /■" — 
Steam  strainer ;  G— Ahead  throttle  valve :  H — Astern  throttle 
valve ;  / — High-pressure  ahead  turbine  cut-out  valve  ;  / — High- 
pressure  astern  turbine  cut-out  valve ;  A' — Emergency  steam 
valve  to  ahead  low-pressure  turbine ;  L — Emergency  steam 
valve  to  ahead  low-pressure  turbine ;  M — Ahead  low-pressure 
turbine  cut-out  valve ;  A' — Astern  low-pressure  turbine  cut-out 
valve ;  O — Ahead  high-pressure  turbine  emergency  exhaust 
valve  to  condenser ;  P — Astern  high-pressure  turbine  emer- 
gency exhaust  valve  to  condenser. 


FIG.   7 — GENERAI,   VIEW   OE   REDUCTION   GEARS 

dynamometer  is  composed  of  two  pistons,  one  above  and 
one  below,  which  seat  on  brackets  formed  in  the  gear 
box  and  operate  in  cylinders  in  the  floating  frame.  Nor- 
mally the  feet  of  the  frame  are  bolted  securely  to  the 
gear  box  with  long  bolts  which  extend  up  through  the 
cover,  but  when  it  is  desired  to  measure  the  power  these 
bolts  are  unscrewed  sufficiently  to  permit  the  frame  to 
float  on  the  hydraulic  pistons.     The  hand-control  valve 


on  the  control  arm  of  the  frame  is  then  opened,  per- 
mitting oil  to  flow  from  the  bearing  into  the  cylinder, 
until  the  frame  is  raised  from  its  seating  slightly,  which 
is  indicated  by  the  pointer  on  the  control  arm.  (The 
pinion  journal  acts  as  a  pump  and  supplies  a  consider- 
able flow  of  oil  under  high  pressure).  Since  the  frame 
is  then  supported  by  the  oil  pressure,  the  total  pressure 
on  the  piston,  corrected  for  the  weight  of  the  pinion  and 
floating  frame,  represents  the  total  pressure  on  the 
pinion  teeth  and  this,  combined  with  the  pitch  line 
speed,  gives  the  horse-power  transmitted  by  the  gear. 
Or  actually  the  gage  pressure  of  the  oil  in  the  dynamo- 
meter cylinder,  and  the  revolutions  per  minute  are  ob- 
served and,  after  correcting  the  former,  the  power  is 
obtained  from  their  product  multiplied  by  a  constant. 
The  sum  of  the  power  transmitted  by  both  pinions  gives 
the  total  power  transmitted  by  the  gear  to  the  propeller, 
and  of  course  the  sum  of  the  two  gears  gives  the  total 


FIG.  8 — TOP  VIEW  OF  REDUCTION  GEARS 

With  a  section  removed  showing  pinions,  gears,  floating  frame, 
lubricating  oil  channels  and  turning  gear. 

power  of  the  main  turbines.     The   formula  used  is  as 
follows : — 

S.hp  =  C  p  R, 
where  C  =  Dynamometer  constant. 

p  =  Pressure  in  dynamometer  cylinder  in  pounds 

per  square  inch  (corrected). 
R  =  Revolutions  per  minute  of  propeller. 

KINGSBURY   THRUST    BEARING 

The  Kingsbury  thrust  bearing,  which  takes  the 
thrust  of  the  propeller,  is  located  in  the  forward  end  of 
the  gear,  and  is  composed  of  a  single  collar,  which  oper- 
ates between  segmental  slippers  made  of  cast  steel  and 
lined  with  babbitt.  Each  slipper  is  pivoted  on  a  hard- 
ened seat,  which  permits  it  to  assume  automatically  the 
required  position  to  distribute  the  load  uniformly  over 
the  surface.  This  uniform  distribution  of  pressure  over 
the  entire  bearing  surface,  due  to  the  self-alignment  of 
the  slippers,  gives  perfect  film  lubrication,  permitting 
the  use  of  a  considerably  higher  unit  pressure  than  is 
possible  in  ordinary  thrust  bearings,  and  with  greater 
icliability  of  operation.     Since  the  thrust  is  transmitted 
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to  the  ship's  structure  through  the  gear  box,  the  neces- 
sity for  an  independent  thrust  block  foundation  is  obvi- 
ated. 

CONDENSING    PLANT 

The  condensing  plant  is  composed  of  a  steel  plate 
condenser,  a  geared  turbine-driven  centrifugal  circu- 
lating pump,  a  turbine-driven  centrifugal  hotwell  pump 
and  two  Leblanc  air  rejectors  for  each  main  unit.  With 
70  degrees  cooling  water,  the  condenser  is  designed  to 
produce  a  vacuum  of  28.5  inches  referred  to  a  30  inch 
barometer. 

The  main  circulating  pump  is  of  the  single-runner, 
slow-speed  type,  and  is  driven  by  a  geared  turbine  unit, 
the  speed  of  the  pump  being  390  and  of  the  turbine  5836 
r.p.m.  These  speeds  give  a  high  efficiency  for  both 
pump  and  turbine,  which  results  in  a  very  economical 
unit.  Each  pump  has  a  capacity  of  9200  gallons  per 
minute  and  requires  105  hp. 

There  is  a  condensate  or  hotwell  pump  for  with- 
drawing the  condensate  from  each  condenser.  The 
pumps  are  of  the  centrifugal  type  and  are  direct  turbine- 
driven.  They  are  located  below  the  condensers  so  that 
the  condensate  will  drain  into  them  by  gravity.  The 
condensate   is   discharged   up   into   a   small   tank    from 


which  is  taken  the  gland  sealing  water,  thence  it  over- 
flows into  the  air  ejector  tank,  and  from  there  passes 
into  the  feed  tank. 

Westinghouse-Leblanc  air  ejectors  are  provided  for 
withdrawing  air  from  the  condenser.  For  each  con- 
denser there  are  two  ejectors,  one  being  sufficient  for 
full-load  requirements,  and  the  other  being  provided  as 
a  spare.  The  air  is  withdrawn  by  multiple  jets  of  steam 
in  series  which  compress  the  air  to  atmospheric  pres- 
sure. The  mixture  of  air  and  steam  then  passes  into  the 
air  ejector  tank,  where  the  steam  is  condensed  and  the 
air  escapes  to  the  atmosphere. 

LUBRICATING    SYSTEM 

The  lubrication  of  the  main  turbine  bearings,  the 
gear  teeth  and  bearings  is  effected  by  a  continuous  cir- 
culation of  oil  through  a  gravity  system  composed  of 
delivery  and  return  piping,  pumps,  cooler  and  filter 
tank.  Oil  is  supplied  to  bearings  and  teeth  under  a 
pressure  of  about  five  pounds  from  a  gravity  tank.  The 
oil  first  passes  through  a  cooler,  and  is  then  supplied  to 
the  bearings  and  gear  teeth,  after  which  it  drains  back 
into  the  drain  tank.  From  the  latter  it  passes  into  the 
oil  pumps,  which  discharge  it  back  into  the  gravity  tank 
through  strainers. 


Calcirtaiiiig  tlvo  Poi'fovniauco  of  !Pdyf)naM 
Iiuhtoiioii  iVlotoi'S 

Luther  H.  James 

THIS  article  gives  a  new  method  of  calculating  the  performance  of  a  motor  to  within  as  close  a  degree  of 
accuracy  as  may  be  obtained  by  the  use  of  the  triangle  and  compass,  but  without  resorting  to  unnecessary 
refinements. 


THERE  are  various  methods  of  calculating  the  per- 
formance of  polyphase  induction  motors,  nearly 
all  of  which  are  based  on  well-known  assump- 
tions exemplified  in  the  construction  of  the  circle  dia- 
gram, namely,  that  the  magnetizing  current  remains 
practically  constant  throughout  the  whole  operating 
range  of  the  motor;  that  the  leakage  reactance  (though 
made  up  of  two  components,  one  due  to  the  primary 
which  is  constant,  and  the  other  due  to  the  secondary 
which  varies  with  the  slip),  is  constant  and  equal  to  that 
value  as  found  from  the  locked  readings  taken  on  the 
motor ;  that  the  secondary  resistance,  though  in  reality 
a  fixed  quantity,  has  the  same  effect  as  if  it  were  infinite 
at  synchronous  speed  and  had  a  definite  value  as  deter- 
mined by  the  locked  readings  at  standstill.  On  the 
basis  of  the  above  assumptions  and  considering  the  other 
quantities,  namely,  primary  resistance,  friction  and 
windage  and  core  loss  constant,  it  is  possible  to  draw  a 
circle  which  is  the  locus  of  the  secondary,  or  load  cur- 
rent, of  the  motor. 

Irrespective  of  the  method  of  calculation,  whether 
diagrammatic  or  symbolic,  the  results  obtained  will  de- 
pend on  the  constants  used.     This  statement  may  seem 


superfluous,  but  in  many  cases  it  is  difficult  to  determine 
the  secondary  resistance  and  leakage  reactance  from  the 
locked  readings  taken  on  the  motor.  This  is  especially 
true  of  motors  having  large  leakage  coefficients  and 
those  designed  for  large  slip,  such  as  elevator  motors. 
The  tendency  is  to  use  too  small  a  value  of  reactance  in 
analyzing  tests  on  motors  having  large  leakage  co- 
efficients, due  to  the  over-saturation  of  the  iron  when 
the  locked  readings  are  taken ;  this  over-saturation,  espe- 
cially of  the  rotor  teeth,  decreases  the  permeance  of 
the  leakage  paths,  thus  reducing  the  leakage  reactance. 
Also  the  hysteresis  loss  in  the  secondary  core  and  the 
eddy-current  loss  in  the  rotor  conductors  at  standstill  is 
quite  marked  in  some  types  of  motors,  the  latter  espe- 
cially in  motors  having  strap  wound  secondaries.  These 
losses,  of  course,  increase  the  effective  resistance  of  the 
secondary  winding,  the  value  of  which  is  perfectly  cor- 
rect for  use  in  calculating  the  starting  torque,  but  is  evi- 
dently too  large  for  use  in  determining  performance 
near  synchronous  speed. 

Keeping  in  "mind  these  points.  Fig.  i  shows  the  rela- 
tion between  the  in-phase  and  wattless  currents  taken  at 
standstill  by  a  1.25  hp,  three-phase'  60  cycle,  220  volt, 
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i6  pole  squirrel-cage  motor.  AB  is  the  component  of 
the  locked  current  which,  when  multiplied  by  the  volt- 
age, equals  the  total  watts  taken ;  OA  is  the  total*  cur- 
rent as  read;  and  OB  is  the  vector  difference  between 
OA  and  AB,  or  the  wattless  current.  From  the  run- 
ning saturation  test  it  was  found  that  the  no-load  cur- 
rent had  the  value  OC  as  shown.  From  the  values  OA, 
AB  and  OC  obtained  by  test,  the  values  of  OB,  OC, 
CB  —  C'B'  and  C'A  can  easily  be  calculated.  From 
the  construction  of  the  circle  diagram,  it  is  evident  that 
the  locus  of  the  extremity  A,  of  the  secondary  or  load 
current  C'A,  as  the  slip  of  the  motor  varies  from  o  to 
lOO  percent,  is  a  semicircle  passing  through  the  points 
C  and  A  and  having  its  center  on  the  line  C'B'.**  Fur- 
thermore, the  equation  of  the  current  is 
E 


I'.  — 


V(R  +  r,'  +  r,)'  +  ix,  +  .r.,r 
Where  E  =  the  terminal  vohs,  R  —  the  resistance 
of  the  load,+  r,',  r.^,  x^  and  .r.  are  the  modified  primary 
resistance,  secondary  resistance,  and  primary  and  sec- 
ondary reactances,  respectively.  In  the  case  of  the 
locked  reading,  the  value  of  R  is  zero;  the  value  of  I^ 
depending  solely  on  the  resistance  and  reactance  of  the 
motor.     The  value  of  the  actual  primary  resistance  r. 


FIG.   I — VECTOR  DIAGR.\M  OF  IN-PHASE  AND  WATTLESS  CURREXTS, 
WITH   ROTOR  LOCKED 

can  easily  be  measured,  but  is  not  used  in  this  method  of 
calculation,  except  as  it  serves  to  determine  the  values 
of  the  secondary  resistance,  and  thereby  the  slip. 

Modified  Primary  Resistance — Referring  to  Fig.  i 
and  remembering  that  with  the  rotor  locked  the  value  of 
the  load  resistance  R  is  zero,  the  value  of  the  primary 
copper  loss  can  be  determined  by  multiplying  the  square 
of  the  current  OA  by  the  measured  primary  resistance 
r, ;  this  loss  divided  by  the  square  of  current  C'A  gives 
the  value  of  the  modified  primary  resistance  /j.     This 


out. 


*Total  or  equivalent  single-phase  values  are  used  through- 

**For  modifications  of  the  method  of  constructing  the  cir- 
cle diagram,  see  articles  by  Mr.  V.  Karapetoff,  Vol.  f,  p.  658;  by 
Mr.  H.  C.  Specht,  Vol.  II,  p.  749;  and  Vol.  XI,  p.  100. 

\R  is  that  value  of  resistance  that  must  be  added  to  the 
rotor  or  secondary  circuit  (with  rotor  locked)  to  allow  the 
same  value  of  secondary  current  to  flow  as  would  flow  if  the 

motor  were  running  at   ( /  —  ^     !    „)  synchronous  speed  and 

developing  an  output  equal  to  the  watts  dissipated  in  the  ex- 

ternal  resistance  R  at  standstill.    — ."    „  equals    the   slip   of 

the  motor  at  load  corresponding  to  the  external  resistance  R. 
The  term  S  is  usually  expressed  in  percent,  but  in  the  term 
(l  —  S),  commonly  used,  it  is  expresesd  as  a  decimal  fraction. 
For  derivation  of  R,  see  the  Appendi.x. 


simply  changes  the  terms  in  which  the  primary  resist- 
ance is  expressed,  from  that  of  the  current  OA  to  that 
of  the  load  current  C'A.  The  secondary  resistance  r, 
is  determined  by  first  dividing  the  total  locked  watts  less 
the  no-load  watts  by  the  square  of  the  current  C'A  and 


-CALCULATED     PERFORMANCE     CURVES     OF     1.25     HP, 
PHASE,  220  VOLT,  SIX-POLE,  SQUIRREL-CAGE   MOTOR 

Calculated.        Test. 
Pull-out  torque 

Full-load  torque  '  ^ 

Starting  torque 
Full-load  torque 


=     1.46 


1.245 


subtracting  from  the  result  the  value  of  the  modified 
primary  resistance  r/.  The  reason  for  using  the  locked 
watts  less  the  no-load  watts  as  a  means  of  determining 
the  value  of  r/  +  r^,  or  the  total  resistance,  instead  of 


" — i — i — 6 — s — rs — n — n — iVi 

I  I  I        To'q4  in  Pouncjs  Fwjl         | 


FIG.   3 — PERFORMANCE  CURVES  OF  SAME  MOTOR,  OBTAINED 
BY   DIAGRAM 

Diagram.  Test. 

Pull-out  torque 

,.   ■■  , — v": =     1. 71  2.04 

Full-load  torque 

Starting  torque 


1.29 


1-245 


Full-load  torque 
sim|)!y  the  locked  watts  as  measured,  is  that  in  this  way 
a  value  is  assigned  to  r„  which  is  perhaps  nearer  correct 
for  calculating  performance  near  synchronous  speed 
than  the  value  of  r„  as  found  from  the  total  watts,  which 
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evidently  include  a  certain  number  of  watts  due  to  eddy 
currents  in  the  conductors  of  both  members  and  iron 
loss  in  the  rotor. 

The  value  of  the  total  reactance  .\\  -\-  x.,  in  the  e(iua- 
tion  for  tletermining  C A  or  7.  is  evidently  the  ratio  of 
the  currents  C'B'  to  AB'  multiplied  Ijy  the  value  of 
r/  +  r,. 

In  the  triangle  C'B'A  we  have,  then,  the  following 
relation: — The  S(|uare  of  the  current  C'A  multiplied  by 
the  total  resistance  r/  -|-  r„  and  ilivided  by  the  voltage 
E  equals  the  current  ALj'  ;  the  square  of  the  same  cur- 
rent multiplied  Ijy  the  total  reactance  .\\  -\-  .r.  and  di- 
vided by  the  voltage  equals  the  current  C'B'.  This  is 
not  only  the  case  for  the  locked  value  of  C'A,  but  is  also 
true  for  all  other  values,  as  the  point  A  traverses  the 
circle  and  becomes  coincident  with  the  point  C  at  no- 
load  or  synchronous  speed. 

It  is  evident,  then,  that  in  order  to  calculate  the  per- 
formance of  a  motor  it  is  only  necessary  to  consider  the 
triangle  CAB' ,  and  l:)y  the  use  of  the  equation  for  the 
current  C'A  solve  for  the  value  of  the  load  resistance  R 
for  the  particular  output  desired.  The  value  of  R 
having  been  found  for  a  particular  load,  the  value  of  L, 
is  easily  determined  by  dividing  the  output  in  watts  by 
the  value  of  R  and  extracting  the  square  root  of  the 
result.  The  value  of  the  leakage  current,  represented  in 
the  triangle,  Fig.  i,  by  the  line  C'B',  is  found  by  squar- 
ing the  value  of  /j,  multiplying  by  the  reactance  .%\  -f  .r,, 
and  dividing  by  the  voltage.  To  determine  the  wattless 
component  of  the  primary  current,  it  is  only  necessary 
to  add  to  the  leakage  current  the  value  of  the  magnetiz- 
ing current  OC.  The  component  of  the  primary  current 
AB'  that  supplies  the  output  and  the  copper  loss  due  to 
the  load  current  is  found  by  squaring  I„,  multiplying  by 
the  sum  of  the  load,  primary  and  secondary  resistances 
{R  -!-  r/  +  >-,)  and  dividing  by  the  voltage.  The  sum 
of  this  current  and  the  current  that  supplies  the  no-load 
losses  equals  then  the  total  watt  component  of  the  pri- 
mary current.  The  vector  sum  of  the  wattless  and  in- 
phase  currents  gives  the  primary  current.  The  power- 
factor  is  the  ratio  of  the  total  watt  component  to  i\vt 
total  resultant  primary  current.  The  efficiency  is  readily 
determined  by  dividing  the  output  in  watts  by  the  xoh- 
age  and  by  the  total  watt  component  of  the  primary 
current. 

Slip — The  slip  of  the  motor  is  the  ratio  of  the  sec- 
ondary copper  loss  to  the  sum  of  the  secondary  copper 
loss  and  the  output;  but  since  the  secondary  loss  and 
the  output  have  the  same  factor,  the  square  of  the  sec- 
ondary current,  the  slip  may  be  determined  simply  from 
the  ratio  of  the  secondary  resistance  to  the  sum  of  the 
secondary  and  load  resistances. 

Starting  Torque — The  value  of  starting  torque  ex- 
pressed in  pounds  at  one-foot  radius  is  shown  by  the 
formula : — 

j,^  (T^L— 7,>i)  7.04 
Syn.  r.p.m. 
Where  W^  is  the  total  locked  watts,  7l  is  the  total 
equivalent  single-phase  primary  current  and  r^  the  meas- 


ured equivalent  single-phase  primary  resistance.  The 
value  of  torque  as  obtained  above  is  usually  higher  than 
that  found  Ijy  test  by  an  amount  equal  to  the  static  fric- 
tion. A  conservative  value  would  be  approximately  85 
percent  of  that  given  aljove. 

^hi.viiiiiiin  Torque  —  The  maximum  or  pull-out 
tor(|ue  is  found  by  making  use  of  the  fact  that  maxinumi 
torque  occurs  at  standstill  when  the  secondary  resist- 
ance is  equal  to  that  value  expressed  by  the  equation  : — - 

R,m  =  Vr'i'  +  Xt'  * 

Having  determined  the  value  of  secondary  resist- 
ance, add  to  it  the  primary  modified  resistance  which 
gives  the  total  resistance.  This  total  resistance  added 
vectorially  to  the  reactance  A't  (=  .r^  +  .r,)  is  the  im- 
pedance at  the  pull-out  point.  By  dividing  the  voltage 
by  this  impedance  the  secondary  current  at  pull-out  is 
obtained.  The  square  of  this  current  multiplied  by  the 
secondar}'  resistance  r^m  is  the  input  to  the  secondary, 
and  may  l;>e  expressed  as  torque  by  multiplying  by  7.04 
and  dividing  by  synchronous  speed.  Or,  if  simply  the 
ratio  of  pull-out  torque  to  full-load  torque  is  required, 
multiply  by  (  /  —  s)  and  divide  by  the  normal  watts 
output. 

In  this  method  of  calculation  nothing  new  is  brought 
out,  exce])t  perhajjs  where  the  term  "modified  primary 
resistance"  is  introduced.  The  introduction  of  this 
quantity  is  perfectly  justifiable  on  the  assumption  that 
an  induction  motor  at  standstill,  with  normal  volts  ap- 
plied, takes  a  magnetizing  current  equal  to  that  taken  at 
synchronous  speed.  This  assumption  is  not  strictly  cor- 
rect because  of  the  large  impedance  drop  and  the  conse- 
quent reduction  in  the  counter  e.m.f.  However,  this  is 
the  assumption  upon  which  the  construction  of  the  circle 
diagram  is  generally  based. 

As  a  typical  example  of  this  method  the  motor  whose 
characteristics  are  given  in  Fig.  i  is  analyzed  from  the 
following  tested  values  : — 

No-load  Amperes    =    Io  =  (OC'inFig.  I)    =  11.25 

Locked  Amperes      =    /l=  {OA  in  Fig.  i)  =  29.45 

Locked  Watts  =  Wi_  =  2625 

No-load  Watts         =  Wo  =  =  246'^ 

Measured  Primary  Res.,  r'l  =  i  _j 


Secondary  Current,  I2   = 


V{R2+r\r-+Xt- 
Where  E    =   Terminal  volts 

Ri   =   Resistance  of  secondary  plus  external  resistance 
r'l   =   Modified  primary  resistance. 
A't  =   Total  reactance  =  Xi  -{-  x;. 


Secondary  input   =  It^Ri  = 


E^R2 


r,  which  may  be  ex- 


(R-i+ri'r+Xt' 

pressed  as  torque  if  divided  by  synchronous  r.p.m.  and  multiplied 
by  7.04. 

To  find  the  value  of  R^  that  will  make  the  secondary  input  a 
maximum  simply  differentiate  the  above  expression  with  respect  to 
R-2,  putting  the  result  equal  to  zero  and  solving  for  r-j.  The  value 
E°  may  be  disregarded  as  it  does  not  effect  the  value  of  Ri  to  make 
the  expression  a  maximum. 

Differentiating: 

dT  r  R,  1  _  (R„+r\y-+Xt''  -2R,{R.+r\) 

dR  \_{R,+r\Y+Xl'\  -  {R„+r\y-\rXt^Y  ^  ° 

That  is  (i?2-|-'''i)-4-A'^  —  2R2{R,+r'i)  =  o  and  by  expanding  and 
collecting  we  have  the  maximum  value  of  R^^  =  r'r+Xt^ 


hence  R^m  =Vr'i''+Xt- 
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From  ihe  above  values  the  various  constants  are  cal 


culated  thus : — 
AB   =^  = 


1 1 . 9  amperes. 


Modified  primary  resistance,  r'l  =    \^ —  1    X  /-J  =  3. 13 
(262$  —  246) 


OB    =  V{2(>.2s)^ — (.ii-Q)-  =   26.9  amperes- 
CC    =   It  =  ~-  =    1. 1 2  amperes. 

OC  =    Viil.25)'—ii.i2y      =II.2=/m 
CB    =  26.Q  —  II. 2  =    15.7. 

AB'  =\ii.g — 7.72  =   10.78. 


/?t    =    (r'.  +  r,)=        ^^^_^^^,- 
r'.     =   6.53—3.13  =3.4. 


6-53 


A't   =    (.r,  +  x^)  = 


X6.53    =  9.53 


C'A  =  V(70.75)=+(75.7)»      =19.05 


The  values  of  r-i.  Rt,  \]\  and  /m  having  been  deter- 
mined, the  complete  performance  can  be  calculated  as 
shown  in  Table  I,  by  the  aid  of  the  following  additional 
formulae. 


TABLE   I— PERFORMANCE   CALCULATION   OF   POLYPHASE  INDUCTION  MOTOR 
Motor  Rating: — 1.25  Hp,  Three-Phase,  60  Cycles,  16  Poles,  220  Volts,  410  R.p.m. 


I 

Percent  load 

25 

50 

75 

100 

125 

Test  \'alues  and  Motor  Constant 

a. 

3 

Horse-power 

0.313 

0.625 

0.938 

1-25 

1.562 

.     1 

3 

£2 

48400 

48400 

48400 

48400 

48400 

4 

JTr  =  746h  p 

233.5 

466 

700 

933 

1 165 

5 

E' 
W  R 

207.5 

103.8 

69.2 

51-9 

41.6 

0^==^^- 'I 

6 

2Rt 

13.06 

13.06 

13 -06 

13.06 

1306 

7 

E> 

194.44 

90.74 

56-14 

38.84 

28-54 

No-load  current  "  =  OC  =   1 1 .  25 
No-load  watts  (      =    Wo  =   246 
Locked  current       =  OA    =29.45 
Locked  watts          =    Wi,  =  2625 

AB  -    ^         =   II. 9 

CC'  =  BB'  =  'l^    =1.12 

8 

6' 

37800 

8250 

3150 

1510 

815 

q 

4  (RC-  +  Xt') 

535 

535 

535 

535 

535 

10 

y—4(Re+Xt')  =c 

32265 

7715 

261S 

975 

280 

II 

Vc"    

179.5 

87.8 

51-I 

31-2 

16.75 

12 

b 

194.4 

90.74 

56-14 

38.84 

28.54 

,30 

6±Vc   

373-9 

178.54 

107.24 

70.04 

45-29 

AS'  =AB—B'B  =  10.78 

I4<= 

b  -H  Vc  -;?(ofioad)  

186.9 

89.2 

53  62 

35-02 

22.64 

OB    =y/(,OA)^^{AB)\=    26.9 

CB    =   C'B'  =  OB—OC=   15.7 
CA  =v'(B'^)^-f(C5)«  =19.05 

r.  =  (reading)  X -4^  =1.3 

I  OA   \' 
'■'    -\c'a)    X  ri  =    3. 13  ohms 
EXAB' 
'    "^     (C'i4)»      =6.53  ohms 

-Rt'    =42-75 

r2       =   Rt — r'l    =3.4  ohms 

f'J3' 

■^'   ~    AS'   ^^^  ~  9-53  ohms 
XO    =  91 

15    1    f-s 

3.4 

3  4 

3-4 

3  4 

3-4 

16 

R  +  r2 

190.3 

92.6 

57.02 

38.42 

26.04 

17 

1-785 

3-67 

5-95 

8-85 

13  08 

R+Ti 

18 

R 

186.9 

89-2 

53  62 

35  02 

22.64 

19 

■Rt  =  r',-t-rj 

6.53 

6., S3 

6.53 

6.53 

6.53 

20 

R  +  Rx. 

193.43 

95.73 

60.15 

41.55  29.17 

21 

7,^=^«    

1.25 

5-12 

13 

26.7 

51-5 

R 

22 

J,  _hHR+Rt) 

1 .10 

2-23 

3-56 

504 

6.82 

E           

23 

J           Wo 

1 .  12 

1 .  12 

1.12 

1. 12 

1. 12 

E       

i?t'-f-At' -    .^,^^J   -133-75 

24 

/w  =  /R-f /r   

2.22 

3-35 

4.68 

6.16 

7-94 

Wound  rotor  bridge  res.  = 

(reading)  X"'^ 

Starting  torque 
Full-load  torque  ~ 

[U\-(0^)V,)(7-i) 

746  hp.              -  '-46 
Maximum  h  p.  = 

25 

^,  -    -^^'^t   _    ig^kage  current  

E 

0.054 

0.222 

0-564 

1.156 

2-23 

26   1    /m  =  magnetizing  current 

II  .2 

II  .2 

II. 2 

II. 2   1    II. 2 

27   1   I\  +  Im  =  Ix  =  wattless  current 1  n  .254 

II .422 

1 1 . 764 

12.356I13.43 

28 

II  .46 

II. 9 

12.65 

13.8 

15-6 

I,  =  VIx''  +  Iw' 

29 

-2l5_  =    efficiency 

EIw 

48.2 

63.2 

68 

68.75 

66-75 

30 

"     =  power  factor 

19.35 

28.15 

36.9 

44-6 

50-9 

2X746  (VRt'+Xt^+Rt) 

31 

1 )    X   syn.  speed  =  r.p.m 

442 

433-5 

423 

1 
410        391 

rsm-fr'i  =Rtm  =  13.03 
VRtm'^+Xt'  =Zm  =  16.15 
Pull-out  torque 
Full-load  torque    ~ 

32 

S^Sohp.     ^             

r.p.m. 

3.72 

7.57 

'11.62 

16          21 

°For  values  of   horse-power   up  to   maximum  horse-power,  the  value  (A  +Vc)    is  to  be 
used  but  from  this  point  down  to  standstill,  the  value  (6 — -^/cj    must  be  used. 

E'r^m  (IS) 
Zm'X746hp.      -  '■^° 
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Starting   Torque — The  value  of  starting  torque  as 
stated  is  expressed  by  the  fornuila : — 

{W^  —  Ii}n)7.o4_ 
Syn.  r.p.m. 

[2625  —  {29-45^  X  1-3]  X  7-04 
450 


T  =- 


We  have:         £^  =  I'fi      [{R+RiY  +  AV| 
Then  (i?+i?t)'  = p But /z^  =-^  where  TFr  =  746Xh.p. 


1\\en{R+Riy-   =  ^j^— AV     or 
=  23.41b.  ft.  ^^ 

E'-R  —  TFRA't' 
Ma.riniiiiii  ronTffc— The  secondary  resistance  to  give     R''+2RRt+Rt-  =  jir;  and  by  clearing  fractions,  col- 


maximum  torcjue  at  start  is  : — 


r^m  =v>V  +  ATt^  =  VU-ijy-  +  iO-SJ)-  =9-9 
The  impedance  at  the  maximum  torque  point  is  :- 


Zm  =  V(p.p+J.ij)^+(9.5J)'  =16.15 
The  secondary  current  at  this  point  is 


lecting  and  dividing  by  TFr  we  have; 

R^  +  (2Rt  ~]^)R  +  i^^'  +  -'^'t")  =  0     and  by  substituting 

£= 
-  6  for  2  i?t  -  j^    we  have  R- X  bR  +  (i?t=  +  AV)  =  o. 


,  =    13-6 

16.15 

amperes  and  the  maximum  or  pull-out  torque  is  thus  : — 

(13. 6 f  X  p.p  X  7-04 
450 


iVi-  — 4(^t2-f  AV) 


Tm  = 


28.71b.  ft. 


The  positive  value  of  the  radical  is  to  be  used  up  to  the  maxi- 
mum output  of  the  motor;  and  from' this  value  down  to  standstill 
the  negative  value  is  to  be  used.  Also  it  will  be  noted  that  the 
This  motor  has  been  used  to  iUustrate  the  method     maximum  output  occurs  when  -Vv^  —  4  {Rh  +  Xh)     =  o. 

A  simpler  form  for  the  determination  of  maximum  output  ex- 
pressed in  watts  may  be  derived  as  follows: 


of  calculation,  because  it  is  a  good  example  of  one  in 


TABLE   ir — COMPARISON   OF   METHODS  OF  DETERMININC, 
FULL-LOAD    TERFORMANCE 


Efficiency,  percent 

Power  factor,  percent. . .  . 

Slip,  percent 

Full-load  amperes 

Ratio    starting    to    full-load 

torque 

Ratio    pull-out    to    full-load 

torque 

Speed 

Starting  torque,  lbs 

Pull-out  torque,  lbs 


69.6 
45-1 
7.82 
13.5 

1.245 

2.04 
415 
19.7 
32.3 


Calculation 


68.75 
44.6 
8.85 
13.8 

1.46 


410 

23.4 
28.8 


Diagram 


66.1 
46 
13.7 
13-95 

1 .29 
1. 71 


Secondary  Input 


E'Ri 


(r'l  +  RiY  +  X^ 


Where  r'l  =  primary  modified  resistance. 

i?2  =  Secondary  resistance  r-i  plus  external  resistance. 

X  =  total  reactance. 

E  =  terminal  volts. 


Secondary  Output 

r-i 
'-R 


E"-  R.     {is) 
{r\+R2Y+X^ 


Rz 


Then  Secondary  Output 


But  .s  =    ^    hence  /  —  s 


E'  {R2—r2) 


(r'l+Riy+X^- 

DiflFerentiating  with  respect  to  R2,  neglecting  E-,  we  have 
d         EHR^r^)        _    (n-fi?2)°-fX'— 3(j?.— r;)  (r\+R,) 


which  the  magnetizing  current  is  a  large  percentage  of 

the  locked  current,  the  leakage  coefficient*  in  this  case  dR^   (r'l+Riy+X-    ~                lir'i+R'^+X^ 

being  48.5  percent.    In  comparing  the  results  calculated  ^hat  is  (.',+i?,)3-f  x^^  (R^r^)  (r'^+R^)  =  o. 

by  this  method  with  those  obtained  by  diagram  on  the  

same  motor,  it  is  seen  that  the  chief  diiTerence  lies  in  Whence  R2  =  r^^Vir'^+r^y+X' 

the  value  of  the  slip  obtained,  the  diagram  giving  a  value  Letting  r'l+R^  =  Rt  and  using  the  positive  value  of  the  radical,  we 

of  13.7  against  8.85  percent  by  this  method.    The  tested  have  R2  =  r^  +VR^~+XtJ' 

value  of  slip  at   full  load   was   7.82  percent,   somewhat  Putting  this  value  of  R2  back  in  the  equation  for  output,  we  have 

lower  than  either  calculated  values. 


APPENDIX 
Derivation  of  the  value  of  R  from  the  equation: 

/.  =  -  ^ 


Maximum  output  = 
or  maximum  output  = 


E?{r2+VRt'+Xi'  —  n) 
(n + r-i  +  VRt'  +  A-t^)  -  +Xt' 
EWRt'+Xt^ 


book, 


V(R+Rty  +  Xt' 

Wherein  /j  =  Secondary  or  load  current. 

E  =  Terminal  Volts. 

R  =  The  resistance  of  load. 

Rt   =  fi'+ri. 

Xt  =  Xi  +  xt. 

*As  defined  by  Dr.  A.  S.  McAllister  in  the  Standard  Hand- 


(Rt  +  VR't  +  Xh)'  +  ATt' 
Expanding  the  denominator 


Maximum  output  =  - 


EWRt'+Xt' 


2iRt'+Xi''+Rt  +  VRt^  +Xt^ 
E'  VJ?t=-|-A't' 


or  maximum  output  = 


zViJt^-l-Xt'    WRx'+Xx?+Rt) 
E? 


2(Vi?t'-fArt»-fJ?t) 


The  purpose  of  this  section  is  to  present  accepted,  practical  methods 

used  by  operating  companies  throughout  the  country. 

The    co-operation    of   all    those    interested  in  operating  and  maintaining 

railway  equipment  is  invited.     Address  R.  O.  D.  Editor. 


Armature  Winding 


To  insure  the  best  life  from  an  armature,  extreme  care 
should  he  used  to  see  that  every  point  that  might  cause  tailure 
is  guarded  against  in  a  satisfactory  manner  while  the  armature 
is  being  wound.  First  of  all,  any  sharp  corners  and  any  rough- 
ness in  the  slots  that  might  damage  the  coils  should  be  filed 
down  and  all  chips  and  filings  removed  before  applying  the 
insulating  material  to  the  core.  In  applying  the  insulating  ma- 
terial on  the  coil  supports,  the  material  should  be  evenly  placed, 
and  no  thin  spots  allowed. 

FIT  OF  COIL  IN  SLOT 

The  coils  should  fit  tightly  in  the  slot,  and  wind  so  that  the 
top  of  the  coil  is  one-thirty-second  inch  above  the  band  groove. 
Fillers  should  be  used  between  the  coils  if  necessary  to  meet 
these  conditions.  This  will  permit  the  bands  to  pull  the  coils 
down  tightly  and  at  the  same  time  finally  rest  on  the  iron, 
which  allows  the  minimum  movement  of  the  coils  in  the  slots. 
If  the  coils  are  wound  too  high  the  bands  will  not  rest  on  the 
iron  and,  when  the  insulation  dries  out  in  service,  loose  bands 
will  result. 

WINDING  COILS  IN  SLOT 

The  coils  should  not  be  twisted,  bent  or  abused  any  more 
than  is  absolutely  necessary  to  get  them  in  place.    Care  should 


W'liLii  there  is  an  odd  number  of  leads  per  coil  or  if,  when 
a  dead  coil  is  taken  care  of,  an  odd  number  of  leads  remain,  the 
following  is  the  method  to  be  used : — ■ 

Locate  the  center  between  the  slots  indicated  by  the  coil 
throw.  If  the  lead  throw  is  an  odd  number  of  bars,  this  center 
will  line  up  on  a  commutator  bar,  and  if  it  is  an  even  number 
of  bars,  it  will  line  up  on  the  mica  between  bars.     This  bar  or 


FIG.  I— L.WOUT  OF  WINDING  WITH  .\N  ODD  COII,  THROW  .^XD 
.\N  ODD  THROW  OF  LEADS 

be  taken  not  to  get  the  wires  or  leads  crossed  in  such  a  manner 
that,  when  pressure  is  applied  in  banding,  short-circuits  will 
occur.  The  coils  on  the  end  windings  should  be  down,  so  as  to 
make  a  solid  foundation  for  the  bands,  but  pounding  should  not 
be  carried  to  the  e.xtent  that  the  coils  or  leads  are  damaged. 
Insulating  protecting  pieces  should  be  placed  at  all  points  where 
the  coils  cross,  and  where  there  is  danger  of  short-circuits  oc- 
curring. It  is  good  practice  to  weave  braid  between  the  leads 
directly  back  of  the  commutator,  both  on  the  top  and  bottom 
layers. 

ARMATURE  COIL  LEADS 

The  leads  should  be  tinned  back  to  such  a  distance  that 
there  is  no  untinned  copper  in  the  commutator  neck.  The  cot- 
ton sleeving  on  the  leads  should  not  be  allowed  to  get  into  the 
commutator  slot,  as  it  may  hinder  soldering  to  such  an  extent 
that  a  poor  connection  will  result.  The  tool  used  in  driving  the 
leads  into  place  should  be  free  from  sharp  corners  that  might 
nick  the  leads,  as  a  nicked  wire  may  result  in  a  broken  lead. 

LAYOUT  OF  COMMUTATORS 

Most  direct-current  windings  used  in  railway  work  are  of 
the  wave  or  two-circuit  type.  In  laying  out  such  a  winding  it  is 
necessary  to  know  the  throw  of  the  coils  and  throw  of  the  leads. 
The  throw  of  a  coil  is  the  distance  spanned  on  the  core  desig- 
nated in  terms  of  the  slots,  that  is,  if  the  coil  throw  is  stated  as 
/  and  S,  the  bottom  of  the  coils  lies  in  slot  No.  i,  while  the  top 
of  the  coil  is  in  slot  No.  8.  In  a  similar  manner  the  throw  of 
the  leads  is  the  distance  spanned  on  the  commutator  in  terms 
of  the  commutator  bars. 


FIG.  2 — I..\VOrT  OF  WINDING  WITH  AN  EVEN  COII.  THROW   AND 
AN   EVEN  THROW  OF  LEADS 

mica  is  the  starting  point  for  laying  off  the  commutator.  If 
there  is  an  odd  number  of  bars  in  the  throw,  take  one  less  than 
the  number  of  bars  and  count  off  half  of  this  number  each 
direction  from  the  starting  bar,  and  this  will  give  the  first  and 
last  bar  of  the  commutator  throw.  If  there  is  an  even  number 
of  bars  in  the  throw,  count  off  half  the  number  in  each  direc- 
tion from  the  starting  mica.  A  check  is  to  count  from  the  first 
to  the  last  bar,  and  sec  if  it  agrees  with  the  information  given. 
As  the  first  coil  put  down  will  have  an  odd  number  of  leads, 
the  center  one  of  the  top  and  bottom  leads  should  be  placed 
in  the  first  and  last  bar  of  the  throw  as  determined.  Sample 
layouts  are  shown  in  Figs,  i  and  2. 

A  slightly  different  method  is  necessary  when  there  is  an 
odd  number  of  coils  per  slot  and  an  even  number  of  slots.  This 
case,  however,  very  seldom  occurs.  In  this  case,  if  the  lead 
throw  is  an  odd  number  of  bars,  the  center,  as  indicated  by  the 
coil  throw,  will  line  up  on  the  mica  and,  if  an  even  number  of 
bars,  it  will  line  up  on  a  bar.  If  there  is  an  odd  number  of 
bars  in  the  throw,  take  one  less  than  the  number  of  bars  and 
count  off  half  this  number  to  the  left  and  one  more  than  half 
to  the  right,  and  this  will  give  first  and  last  bar  of  the  com- 
mutator throw.  If  there  is  an  even  number  of  bars  in  the  throw 
count  off  half  the  throw  to  the  right  and  one  less  than  half  to 
the  left.  If  there  are  two  leads  in  the  first  coil.  No.  I  lead 
should  lie  in  No.  I  bar,  and  if  there  are  four  leads  in  the  first 
coil  No.  2  lead  should  lie  in  No.  I  bar. 

TABLE  I— ALIGNMENT  OF  COMMUTATOR  BAR  AND 

MICA    WITH    ARMATURE    TOOTH    AND 

SLOT  CENTER  LINES 


Coil  throw  even 
Lead  throw  even 
Coil  throw  odd 
Lead  throw  odd 
Coil  throw  even 
Lead  throw  odd 
Coil  throw  odd 
Lead  throw  even 


mica  with  tootli 
bar  with  slot 
bar  with  tooth 
mica  with  slot 


WINDING  RULES 

The  wave  or  two-circuit  winding  always  requires  an  odd 
number  of  commutator  bars. 

When  an  even  number  of  coils  per  slot  are  used  there  will 
alwavs  be  an  idle  or  dead  lead. 

When  an  odd  number  of  coils  per  slot  are  used  and  there 
are  an  even  number  of  slots  on  the  armature,  there  will  always 
be  an  idle  or  a  dead  lead. 

When  an  odd  number  of  coils  per  slot  are  used  and  there 
are  an  odd  number  of  slots  on  the  armature,  there  will  never 
be  an  idle  or  a  dead  lead. 


Aim — To  connect  theory  and  practic* 


What  Is  a  Horse-Power? 

Ill— Steam  Engines  and   Turbines 

Brake  horse-power  is  the  net  effective  mechanical  horse- 
power developed  by  an  engine  or  turbine  after  all  losses  due  to 
the  efficiency  of  the  engine  or  turbine  have  been  deducted.  It 
is  the  actual  horse-power  which  a  dynamometer  (power-meas- 
uring device)  would  indicate  as  available  at  the  flywheel  or 
coupling,  and  equals  the  torque,  in  Ib.-ft.  times  the  speed  in 
r.p.m.,  divided  by  5250. 

In  the  case  of  a  reciprocating  engine  it  is  very  convenient 
to  either  measure  of  calculate  the  power  developed  in  terms  of 
"indicated  horse-power."  This  is  the  power  transmitted  from 
the  steam  into  mechanical  energy  at  the  piston,  and  dilTers  from 
the  brake  horse-power  in  that  the  latter  excludes  the  friction 
losses  of  the  engine  in  transmitting  the  power  from  the  piston 
to  the  flywheel.  The  indicated  horse-power  thus  is  the  power 
input  to  the  engine,  while  the  brake  horse-power  is  the  power 
output.  The  indicated  horse-power  of  a  reciprocating  engine 
is  given  by  the  formula, — 

PLAN 
J,;  000 

where  F  equals  mean  effective  pressure  in  pounds  per  square 
inch ;  L,  equals  length  of  stroke  in  feet :  .-/  equals  area  of  piston 
in  square  inches;  A'^  equals  number  of  single  strokes  per  min- 
ute, which  equals  twice  the  number  of  revolutions  per  minute 
of  a  double-acting  engine. 


Hp  =' 


The  formula  simply  states  the  definition  of  power  as  the 
rate  of  doing  work.  With  pressure  P  on  .4  square  inches  of 
piston  area,  the  force  on  the  piston  is  PA.  During  the  stroke 
this  force  acts  through  a  distance  L,  so  the  work  done  is  PLA, 
and  this  work  is  done  at  the  rate  of  N  strokes  per  minute, 
giving  PLAN  ft. -lbs.  per  minute,  which  divided  by  33  000  gives 
the  horse-power.  Since  the  pressure  varies  during  the  stroke 
an  average  value  must  be  used.  This  "mean  effective  pressure" 
is  usually  determined  from  an  indicator  card,  though  it  can  be 
calculated  if  all  conditions  of  the  steam  and  its  expansion  are 
known. 

Indicated  horse-power  is  not  used  for  turbines,  as  there  is 
no  way  of  applying  an  indicator.  Turbine  horse-power  is 
always  brake  horse-power ;  it  is  frequently  expressed,  especially 
in  marine  work,  as  shaft  horse-power. 

Where  an  electric  generator  is  coupled  to  the  engine  or 
turbine  the  output  is  often  measured  at  the  switchboard.  To 
get  the  output  of  the  engine  in  horse-power  it  is  necessary  to 
divide  the  kilowatt  output  of  the  generator  by  O.746  to  convert 
it  to  horse-power,  and  divide  by  the  generator  efficiency  to  get 
the  generator  input,  which  is  equal  to  the  engine  output. 

The  horse-power  rating  of  an  engine  or  turbine  usually 
corresponds  to  the  output  at  which  it  has  its  highest  overall 
efficiency  or  lowest  water-rate,  and  is  no  indication  whatever  of 
its  maximum  capacity.  A  steam  engine  will,  therefore,  usually 
carry  a  large  overload  for  an  indefinite  time,  but  at  increased 
consumption  of  steam  per  horse-power  hour. 


You  have  the  motor,  lamp,  battery  or  one  of  the  thousands 
of  electric  circuits  dependent  upon  controllers.  You  know  ex- 
actly the  results  you  desire  in  your  circuit  for  it  has  been 
vniir  special  stud  v. 

GETTING  THE  CONTROL  RIGHT 


inches 
High 


has  been  our  special  service.  We  have  ex- 
perts, engineers  who  day  after  day,  are  se- 
lecting from  our  lines  rheostats  of  standard 
designs  to  give  the  e.xact  control  required  by 
our  customers.  In  cases  of  special  require- 
ments that  are  to  be  met,  our  engineers, 
specialists  in  control  application,  design 
rheostats  to  do  the  work. 


The  many  stock  sizes  of  plates  which  we 
carry  permits  the  selection  of  the  best 
adapted,  smallest  and  least  expensive  rheo- 
stat to  meet  your  needs. 

We   build    these   rheostats   by   the    thou- 
sands;   therefore  we  suggest  you  let  us  build       Inches 
the  rheostats  to  control  your  circuits.  High 


^mm 


35       17      5       Number 
Steps 


Ward  Leonard  Electric  Co. 

Mt.  Vernon,  N.  Y. 
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What  Is  Meant  by  Percent  Grade 

Percent  grade  is  generally  understood  to  be  the  ratio  of 
elevation  to  distance  traveled.  The  question  immediately  arises 
as  to  whether  the  distance  traveled  should  be  measured  along  a 
horizontal  line  or  along  the  roadbed.  One  well-known  hand- 
book, discussing  electric  railways,  says : — "Grades  are  expressed 
in  percentages,  being  the  ratio  of  the  distance  the  train  is  raised 
to  the  distance  traveled ;  in  other  words,  the  ratio  of  the  ordi- 
nate of  a  right-angled  triangle  to  the  hypothenuse."  Another 
prominent  handbook  says : — "A  railroad  grade  is  expressed  in 
percent,  this  percent  being  the  number  of  feet  vertical  rise  in  a 
horizontal  distance  of  loo  feet ;  i.  e.,  a  four  percent  grade  means 
a  rise  of  four  feet  in  a  horizontal  distance  of  lOO  feet." 

The  difference  in  statement  is  really  not  one  of  definition, 
but  one  of  attitude.  The  correct  definition  is  the  second  one 
above,  which  is  used  in  all  civil  engineering  work.  However,  the 
practical  use  which  is  made  of  the  term  is  in  calculating  the 
amount  of  power  necessary  to  haul  a  car  or  train  up  a  grade. 
In  this  case  a  force  OF,  Fig.  i,  which  is  called  "grade  resist- 
ance," must  be  overcome  in  addition  to  the  friction.  The  grade 
resistance  OF  is  to  the  weight  of  the  car  OIV  as  the  vertical  rise 
CB  is  to  the  distance  AB  along  the  track.  For  grades  less  than 
ten  percent,  such  as  are  found  in  railway  work,  the  ratio  of  the 
vertical  rise  to  the  distance  along  the  track  is  not  materially  dif- 
ferent from  the  ratio  of  tlie  vertical  rise  to  the  horizontal  dis- 


tance, and  hence  in  railway  calculations  the  percent  grade  is 
usually  taken  (solely  for  convenience)  as  the  ratio  of  the  ver- 
tical rise  to  the  distance  along  the  track.  Grade  resistance  is 
then  20  pounds  per  ton  weight  for  each  percent  grade.  If  a 
railway  grade  is  given  as  a  decimal  and  the  basis  for  its  deter- 
mination is  unknown,  it  is  always  safe  to  assume  that  this  defini- 
tion has  been  used,  as  any  error  is  thus  on  the  safe  side. 


For  all  work  other  than  railway,  the  percent  grade  repre- 
sents the  feet  vertical  rise  in  a  horizontal  distance  of  loo  feet. 
With  this  definition  any  percent  grade  is  possible,  as  a  lOO  per- 
cent grade  would  correspond  to  a  lOO  foot  rise  in  loo  feet  hori- 
zontal distance,  or  a  45  degree  angle,  and  a  vertical. elevation 
would  correspond  to  an  infinite  percent  grade. 


Our  subscribers  are  invited  to  use  this  deportmeot  as  a  means  of  securing  authentic  information  on  electricaj  and  mechanical  subjects. 
Questions  concerning  general  engineerir:!  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  wrill  be 
answered     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attenuon  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  quesbooer 
as  soon  as  the  necessary  information  is  available;  however,  as  each  question  is  aiuwered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  enpecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intellige 


1420  —  Starting    Rotary    Converters — 

For  starting  si.x  rotary  converters 
from  low-voltage  taps  on  the  alter- 
nating-current side,  why  is  it  not  pos- 
sible to  use  three  single-pole,  double- 
throw  switches,  throwing  one  at  a  time, 
instead  of  using  three-pole,  double- 
throw  switches,  which  in  the  case  of 
large  units  are  difficult  to  operate  on 
account  of  the  bulk  and  the  necessity 
of  quick  action?  h.  a.  d.  (n.  y.) 

The  particular  reason  why  it  is  unde- 
sirable to  use  three  single-pole,  double- 
throw  switches  is  that  these  switches 
could  not  be  changed  one  at  a  time  from 
the  starting  to  the  running  position 
without  producing  a  great  rush  of  cur- 
rent equivalent  to  a  partial  short-circuit. 
In  changing  to  the  starting  position  one 
at  a  time  there  would  be  undesirable 
burning  of  one  set  of  brushes  and  slip 
rings,  as  the  machine  would,  of  course, 
not  start  until  at  least  two  and  probably 
all  three  of  the  switches  were  in.  The 
machine  would  then  start  and  come  up 
to  synchronous  speed.  If  at  this  time 
one  switch  only  were  thrown  to  the  full 
running  voltage,  it  is  obvious  that  short- 
circuit  current  would  flow.  j.  l.  y. 

1421 — Phase     Rotation— Referring    to 

No.  1317  in  the  July  issue,  would  the 
connections    shown    determine    incor- 
rect phase  rotation  ?  h.  t.  g.  (ill.) 
Correct  phase   rotation  can  be  deter- 
mined by  connecting  four  voltage  trans- 
formers   and    three   lamps    as    per   Fig. 
1421(a).     With  the  two  generators  run- 
ning at  approximately  synchronous  speed 
and  normal  voltage  the  lamps  will  be- 


come bright  and  dark  together  if  the 
phase  rotation  is  alike  in  the  two  cir- 
cuits. If  the  lamps  do  not  act  together, 
any  two  main  leads  on  one  side  of  the 
switch  should  be  interchanged,  leaving 
the  voltage  transformers  connected  to 
the  same  switch  terminals.  The  lamps 
will  then  fluctuate  together  and  the  ma- 


-^        o^_ 


2300/115  Volt 
Transformers 


110  Volt  Lamps 
FIG.    1421(a) 

chines  are  in  phase  when  the  lamps  are 
dark.  After  the  leads  are  arranged  for 
correct  phase  rotation,  two  voltage  trans- 
formers and  one  lamp  can  be  removed, 
as  synchronism  can  then  be  indicated  by 
means  of  transformers  and  lamps  across 
only  one  of  the  three  phases,  as  in  1317. 
M.  c. 

1422 — Winding  Fan  Motor — In  wind- 
ing the  stator  of  a  fan  motor,  skein- 
wound  \.yp^,  as  described  in  the  Jour- 
nal of  August,  1910,  I  find  that  in 
crossing  the  skein  on  the  ends  it  has  a 
tendency  to  twist  in  the  form  of  a 
cable.  This  builds  tlie  ends  out  so  far 
that  it  is  impossible  to  get  the  motor 
together.     I  have  tried  separating  the 


skein  into  three  parts,  but  this  does  not 
seem  to  overcome  the  difficulty.  Will 
j'ou  kindly  let  me  know  how  to  remedy 
this  fault?  H.  A.  w.  (n.  y.) 

The  twisting  of  skeins  on  the  ends 
when  winding  a  single-phase  fan  motor 
stator  can  be  overcome  by  giving  the 
skein  a  twist  in  the  opposite  direction 
when  looping  into  the  slot.  This  is  done 
by  bringing  the  skein  from  the  right- 
hand  slot  cither  above  or  below  the  one 
from  the  left-hand  slot,  as  may  be  re- 
quired when  twisting  the  free  end  of  the 
skein  to  put  it  back  through  the  stator 
and  into  the  slots  the  next  time.  Ex- 
cessive space  at  the  ends  may  be  over- 
come by  using  a  longer  skein  with  fewer 
turns  and  looping  more  times.  This  gives 
the  same  total  turns,  but  allows  the  wires 
to  be  drawn  closer  to  the  sides  of  the 
field.  O.S.J. 

1423  —  Operation    of    Synchroscope — 

(a)  Will  a  synchroscope  be  injured  if 
it  is  allowed  to  stand  permanently 
plugged  in,  or  are  these  instruments 
intended  for  only  intermittent  con- 
nection as  required?  (b)  I  have  been 
told  that  a  synchroscope  if  plugged 
in  when  only  one  machine  is  running 
acts  as  a  frequency  meter.  Is  this  cor- 
rect, and  if  so,  why? 

R.  P.  G.  (AUSTRALIA) 

(a)  Synchroscopes  are  not  designed 
to  stand  continuous  operation  like 
other  types  of  switchboard  instruments 
whose  duties  are  to  measure  the  current, 
voltage,  power,  etc.,  of  the  circuit  at 
all  times.  Although  the  synchroscope 
would  probably  stand  being  permanently 
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plugged  in  for  a  considerable  length  of 
time,  yet  the  life  of  the  instrument 
would  be  materially  impaired  and  it 
would  be  better  policy  always  to  discon- 
nect it  from  circuit  after  the  machines 
have  been  synchronized.  (b)  A  syn- 
chroscope plugged  in  when  only  one 
machine  is  running  will  not  act  as  a  fre- 
quency meter.  To  be  sure,  there  will  be 
a  field  induced  in  the  coils  connected  to 
the  dead  machine,  but  this  field  is  so 
very  weak  that  the  torque  produced  by  a 
change  in  frequency  will  not  cause  the 
pointer  to  move.  R.  T.  p. 

1424 — Overload    Relay    Operation  — 

What  is  expected  from  a  reliable  in- 
verse time  limit  overload  relay  in  the 
following  case  : — The  relay  being  con- 
nected to  an  outgoing  feeder  trips 
within  a  maximum  of  ten  seconds  at  a 
certain  time  setting  and  an  overload 
of  50  percent.  How  much  must  the 
current  decrease  nine  seconds  after 
the  relay  began  to  operate  so  that  (a) 
it  stops  immediately,  (b)  it  returns  to 
the  zero  position? 

H.  B.  (Switzerland) 
Assuming  that  at  a  150  percent  load 
the  relay  will  close  in  ten  seconds,  and 
that  nine  seconds  have  elapsed  since  the 
150  percent  load  was  applied,  the  disc  of 
an  induction-type  relay  will  stop  its  ro- 
tation instantly  if  the  current  drops  to 
99  percent.  The  relay  will  return  to  its 
initial  position  if  the  current  drops  to  97 
percent.  The  exact  point  at  which  the 
torque  of  the  instrument  and  the  coun- 
ter Mrque  of  the  spring  are  equal  is  de- 
termined largely  by  the  care  that  has 
been  exercised  in  calibration,  so  that  the 
above  values  are  only  approximately 
correct.  In  any  case,  there  will  not  be 
a  variation  of  0.5  percent  from  the 
above  values.  The  above  applies  to 
strictly  modern  induction  relays.  Bel- 
lows relays  are  not  satisfactory  in  these 
respects.  r.  t.  p. 

1425 — Motor-Operated    Valves — What 
type   of    motors    are   used   on   motor- 
operated  valves,  both  alternating  cur- 
rent and  direct  current?     Please  give 
as  much  information  as  possible  on  the 
control  of  these  motors.     The  valves 
meant    are    the    regular    gate    or    seat 
valves   that   would   be   used   on   large 
steam  or  water  mains.        j.  H.  (conn.) 
Motors  for  the  operation  of  large  gate 
or  seat  valves  may  either  be  alternating 
or   direct   current,    depending   upon    the 
current    available.      If    alternating    cur- 
rent   is    available,    squirrel-cage    motors 
with  high-resistance  end  rings  should  be 
used  so  that  maximum  torque  can  be  se- 
cured at  start.    If  direct  current  is  avail- 
able,  series-wound   motors   are   used   on 
account  of  the  very  good  starting  condi- 
tions   which    series    motor    will    supply. 
Motors  for  operation  of  valves  are  usu- 
ally    enclosed     with     moisture-resisting 
windings    and    metalline    bearings.      In 
some  cases  the  motor  manufacturer  sup- 
plies back-geared  motors,  and  in  others 
straight  horizontal  motors  are   supplied 
and  the  valve  manufacturer  supplies  the 
necessary  gearing.   In  some  instances  the 
motors  are  operated  in  a  horizontal  posi- 
tion, but  the  usual  practice  is  to  mount 
the  motor  so  that  the  shaft  will  be  in  a 
vertical  position.     The  control  for  valve 
motors  may  be  operated  either  from  push 
buttons  or  from  a  knife  switch.     Limit 
switches  should  be  installed  to  stop  the 
motor  at  the  end  of  the  travel  and  pilot 
lamps  should  be  used  to  indicate  the  po- 
sition of  the  valve.  H.  d.  mc  k. 


1426 — Impedance  Coil — An  impedance 
coil  with  silicon  steel  core,  forming  a 
complete  magnetic  circuit,  has  an  in- 
ductance of  25  henrys  at  30000  ma.x- 
wells  per  square  inch.    What  would  be 
the  inductance  of  the  same  coil  at  a 
very    low    magnetic    density,    say    100 
maxwells    per    square    inch?      Please 
state  the  general   law.     Does   the   in- 
ductance vary  much  between  zero  and 
100  maxwells  per  square  inch?     Please 
give  curves  showing  ampere-turns  per 
inch  length  of  core  for  very  low  mag- 
netic densities.  r.  w.  0.  (ont.) 
Magnetizing  currents   for  steel  varies 
considerably  for  different  samples,  there- 
fore   a    magnetization    curve    that    will 
apply  to  all  grades  of  silicon  steel  can- 
not   be    produced.      The    curve    in    Fig. 
1426(a)    is   a   representative   magnetiza- 
tion curve  for  silicon  steel  where  there 
are  no  air-gaps  or  joints  in  the  magnetic 
circuit.     Thirty  thousand  maxwells   per 
square  inch  divided  by  the  corresponding 
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ampere-turns  per  inch  length,  obtained 
from  the  curve,  is  approximately  25 
times  as  great  as  100  maxwells  per 
square  inch  divided  by  the  correspond- 
ampere-turns  per  inch  length.  There- 
fore, if  the  inductance  is  25  henrys  at 
30  000  maxwells  it  will  be  approximately 
one  henry  at  100  maxwells.  If  the  core 
has  joints  in  it  the  inductance  is  more 
■learly  constant  over  this  range  of  flux 
densities.  The  inductance  should  be 
approximately  constant  over  a  range  of 
flux  densities  from  zero  to  200  maxwells 
per  square  inch.  j.  F.  p. 

1427 — Transmission    System — If   a    60 

kv,  star-connected,  grounded  neutral 
system,  and  a  60  kv,  delta-connected 
transmission  system  are  operated  in 
parallel,  will  either  system  be  sub- 
jected to  more  severe  voltage  strains 
than  when  operated  separately?  Could 
the  above  systems  be  paralleled  by 
means  of  the  synchronizing  connec- 
tions sliown  in  Fig.  1427(a)  ? 

R.  B.  C.  (C-\I.IF.) 

The  normal  strains  on  either  system 
will  not  be  increased  by  operating  in  par- 
allel but,  on  the  other  hand,  may  be  con- 
siderably benefited,  especially  if  the  star- 
connected  group  has  a  star  primary  con- 
nection.    The  synchronizing  connections 


FIG.  1427(a) 

shown  are  incorrect  and  would  bring  the 
systems  together  when  actually  out  of 
phase  by  30  degrees  The  transformer 
for  synchronizing  on  the  star  group 
should  be  connected  between  phases  and 
not  between  phase  and  ground  as  indi- 
cated. K.  c.  R. 


1428 — Changing  Direct-Current  Motor 
Windings — We  have  a  direct-cur- 
rent motor  running  at  250  r.p.m.  and 
desire  to  change  the  connection  of  the 
armature  so  that  it  will  run  at  500 
r.p.m.  and  give  double  the  horse- 
power at  the  same  voltage.  The  arm- 
ature is  now  wave-wound.  It  has  181 
bars  in  the  commutator  and  is  con- 
nected 1  and  46,  including  the  first  and 
last  bar  counted ;  when  we  go  around 
the  commutator  four  times  we  wind 
up  on  the  bar  adjacent  to  the  first  bar 
we  started  on.  I  contend  that  this 
armature  has  four  paths,  and  if  we 
were  to  take  up  the  leads  and  connect 
it  7  and  _' — in  other  words,  put  the 
ending  of  the  coils  in  the  bar  adjacent 
to  the  bar  that  has  the  beginning  in — 
we  will  have,  after  we  reconnect  it, 
eight  paths ;  it  will  then  carry  twice 
the  number  of  amperes  and  give  us 
double  the  horse-power.  A  friend  of 
mine  claims  that  if  I  make  this  change 
on  an  eight-pole  machine  I  will  get 
four  times  the  speed.  I  cannot  see  it, 
because  I  am  simply  making  it  lap- 
wound  instead  of  wave-wound.  I 
know  by  experience  that  it  works  on 
four-pole  machines,  but  he  says  it  will 
not  work  on  an  eight-pole  machine. 

E.  D.  E.  (P.\.) 
With  181  bars  and  connections  made 
to  bar  /  and  46,  as  stated,  the  connec- 
tions will  fall  on  bars  as  follows : — 1-46- 
gi-:36-iSi.  This  means  that  in  going 
around  the  armature  once  we  arrive  at 
the  bar  adjacent  to  bar  No.  /,  thus  mak- 
ing a  two-circuit  winding  with  eight 
poles.  The  speed  will  be  four  times  the 
present  speed  when  it  is  changed  to  a 
lap  winding  which  has  eight  paths  for 
an  eight-pole  machine.  The  speed  varies 
directly  with  the  number  of  paths.  You 
are  correct  in  saying  the  speed  of  a 
four-pole  machine  will  be  doubled  when 
changed  from  a  two-circuit  winding  to 
a  lap  winding,  because  the  lap  winding 
has  four  paths,  whereas  the  two-circuit 
winding  has  only  two.  But  an  eight- 
pole  machine  with  lap  winding  has  eight 
paths,  which  is  four  times  as  many  as  a 
two-circuit  winding  ;  therefore,  the  speed 
will  be  four  times  as  great  as  when  con- 
nected as  two-circuit  machine.        E.  M.  c. 

1429 — Static    Electricity — If    a    small 

volume     of     copper      (several     cubic 
inches),    insulated     from    ground,    is 
made  to  approach  a  13  000  volt,  alter- 
nating-current bus-bar,  when  at  about 
one-quarter  inch  from  the  bar  a  spark 
is  caused  to  jump.     Shortening  up  the 
air-gap   causes   this   spark   to   become 
continuous.      What    is    the    nature    of 
tliis  spark,  and  what  causes  it  to  be- 
come continuous?  T.  H.  C.  (pa.) 
The  spark  between  the  insulated  cop- 
per body  and  the  bus-bar  is  due  to  the 
Ijreakdown  of  the  air,  which  is  stressed 
by  a  difference  of  potential  due  to  the 
variation    of    potential    of    the    bus-bar. 
The     insulated     copper     block     becomes 
charged   by  electrostatic   induction   with 
an  opposite  charge  next  to  the  bus-bar 
and  a  like  charge  repelled  to  the  far  side. 
The  continuous  sparking  when  the  block 
is  brought  near  to  the  bus-bar  is  due  to 
the  fact  that  the  change  in  potential  of 
the  bus-bar  charges  and  discharges  the 
copper  block  by  breakdown  through  the 
air  every  time  the  potential  of  the  bus- 
bar reverses.  L.  w.  c. 

1430 — Direct-Current    Crane    Motor — 

(a)   I  have  a  25  horse-power,  220  volt, 
direct  -  current,    series  -  wound,    crane 
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motor    in    bridge    service    with    auto- 
matic     control,      this      bridge      being 
brought   to    a   standstill    from    a   high 
momentum  by  reversing  or  "plugging" 
the  motor.     In  regard  to  the  windings, 
which  would  you  advise,  and  why — the 
reversing  of  current  through  the  fields 
or  armature?     (b)   What  advice,  and 
why,    would   you    give    if    this    motor 
were    controlled    by    a    hand-operated 
controller?     In  both  cases  the  motor 
is   reversed   as   quickly  as   possible   to 
throw  controller  in  opposite  position. 
H.G.  (pa.) 
(a)  It  is  immaterial  whether  the  series 
field    or    armature   is    reversed,   but   the 
universal    practice,    except    for    railway 
work,  is  to  reverse  the  armature.     This 
is  in  order  to  standardize  the  method  of 
reversing  all  motors,  as  in  the  case  of  a 
compound-wound  motor  it  simplified  the 
controller  to  reverse  only  the  armature, 
instead    of    both    the    series    and    shunt 
fields,     (b)   For  either  a  manual  or  au- 
tomatic  control   we   recommend    revers- 
ing the  armature,  merely  as  a  matter  of 
standard    practice,    although,    as    stated 
above,  it  is  immaterial  which  method  is 
used.  I-.  M.  p. 

1431 — Washing  Reflectors — 1 'lease  ad- 
vise me  where  I  can  get  detailed  in- 
formation  as  to   the  kind   of  acid   or 
mixture    that    was    used    in    cleaning 
.glass     reflectors     by    dipping.       After 
reading  the  article  by  C.  E.  Clewell  in 
the   JouRN,\i.    for    December,    Kjii,    p. 
1090,  I  have  come  to  understand  that 
washing  with  warm  water  and  soap  is 
to  be  preferred  to  cleaning  with  acid; 
nevertheless,    I    should    like    to    know 
just  w'hat  solution  was  used  in  clean- 
ing   the    glassware    without    using    a 
cloth  to  dry  it,  because  in  the  outdoor 
lighting   line   it   seems   to    me    that   it 
would  be  a  more  practicable   plan   to 
carry  some  solution  that  will  clean  the 
glass   without   wiping  than   to   send   a 
man  around  the  streets  to  take  up  the 
glass,  cart  it  to  the  storeroom  or  some 
convenient    place    where    it    is    to    be 
cleaned    and    then    return    it    to    the 
places  where  the  lighting  units  are  in- 
stalled. C.T.  D.  (IND.) 
The    experiments     described    by    Mr. 
Clevi-ell    included    washing   of    reflectors 
in   ail   automatic    dishwashing   machine; 
dipping    them     into    hot    soapsuds    and 
afterwards  clean   hot  water  and   allow- 
ing them  to  dry  by  evaporation  without 
wiping;  and  dipping  in  various  acid  so- 
lutions, the  most  efjectivc  of  which  was 
a  solution  of  one  ounce  of  nitric  acid  to 
a  gallon  of  hot  water.     For  cleaning  re- 
flectors   in    an    industrial    establishment 
where  the  dust  nearly  always  contains  a 
certain   amount   of   grease,  all   of   these 
methods    left    the    reflectors    somewhat 
spotty,  and  none  of  them  were  very  ef- 
fective  in   cutting  the   grease   and   dust 
which  settles  on  a  reflector  in  the  vicin- 
ity of  a  moving  belt.     Hence  for  indus- 
trial  work,    washing   with    warm    water 
and  soap  and  drying  with  a  cloth  is  the 
only  satisfactory  method.     However,   if 
the  dust  is  not  greasy,  quite  good  results 
are  obtained  by  dipping  in  the  acid  solu- 
tion and,  although  the  reflector  is  some- 
what  spotty   if   it  is   not  wiped   with   a 
cloth,  these  spots,  if  on  a  street  lighting 
reflector,   would   hardly  be  visible   from 
the  ground  and  would  not  materially  cut 
down  the  efficiency  of  reflection,    "it  is 
possible  that,  for  street  lighting  fixtures, 
dipping  in  an  acid  solution  might  prove 
entirely  satisfactory.  G.  E  s. 


1432 — Electric    Heater — I    have   heard 

that  there  is  now  an  electric  heater  on 
the  market  which  gives  three  and  a 
third  times  the  heat  of  an  ordinary 
electric  heater  with  no  greater  power 
consumption.  This  heater  took  first 
prize  at  the  P.P.I.  Exposition  in  San 
Francisco.  They  say  that  they  obtain 
2000  degrees  F.  over  the  600  degrees 
obtained  from  the  average  heater. 
Having  read  the  articles  in  the  Jour- 
nal for  1913  in  reference  to  "Electric 
Heating,"  by  Mr.  H.  O.  Swoboda,  I 
am  at  a  loss  to  understand  how  they 
■  can  obtain  this  efficiency,  especially 
since  Mr.  Swoboda  says  that  electric 
heaters  arc  100  percent  "air  heaters." 

H.  E.  M.  (ONTARIO) 

We  are  not  familiar  with  the  heater. 
.Ml  electric  heaters  of  the  resistance  type 
transform  electric  energy  into  heat  en- 
ergy at  an  efficiency  of  100  percent;  that 
is,  all  of  the  heat  which  is  generated  is 
radiated  into  the  surrounding  air,  and 
all  of  the  electricity  which  goes  into  the 
heater  is  dissipated  in  the  resistance  in 
the  form  of  heat.  The  temperature  ob- 
tained by  the  heater  depends  entirely 
upon  the  ease  with  which  the  heat  is 
radiated.  More  heat  is  radiated  when 
the  temperature  is  higher,  and  the  tem- 
perature of  the  heating  element  will  rise 
until  the  amount  of  heat  generated 
equals  the  amount  of  heat  dissipated.  A 
great  amount  of  heat  is  necessary  to 
raise  the  material  in  a  large-sized  re- 
sistor to  any  considerable  temperature, 
whereas  a  very  small  amount  of  heat  is 
required  per  minute  to  maintain  the  fila- 
ment of  a  tungsten  lamp  at  a  white  heat, 
corresponding  to  about  3500  degrees  C. 
This  is  because  the  filament  is  in  a 
vacuum  and  there  is  very  little  opportu- 
nity for  the  heat  to  be  dissipated.  The 
same  rate  of  heat  input  applied  to  a  60 
gallon  water  tank  would  raise  the  tem- 
perature a  very  small  amount.  Efficiency 
is  defined  as  the  output  divided  by  the 
input.  This  applies  to  any  apparatus 
using  or  applying  energy.  In  the  case  of 
heating  problems,  it  is  sometimes  dif- 
ficult to  determine  the  efficiency  because 
the  measure  of  output  cannot  be  inter- 
preted in  heat  units.  T.  s.  P. 

1433  —  Ground  Connections — Kindly 
advise  the  best  method  to  use  in  de- 
termining the  resistance  of  earth  con- 
nections used  in  the  grounding  of  low- 
voltage  alternating  and  direct-current 
circuits.  In  all  cases  the  path  to  earth, 
to  give  the  best  results,  should  be  of 
low  resistance,  and  what  I  want  is 
some  data  on  how  to  make  tests  in  a 
simple,  practical  way  to  obtain  the  re- 
sistance of  driven  pipes  or  buried 
ground  plates.  Can  a  voltmeter  be 
used  in  making  such  tests?  Kindly 
give  diagram  showing  method  used  if 
voltmeter  tests  are  practicable.  For 
best  results  what  should  be  the  ohms 
resistance  to  ground  for  driven  pipes 
or  buried  plate  ground  connections? 
Would  you  consider  a  single  driven 
ground  pipe  as  giving  proper  earth 
connection  for  a  small  lighting  trans- 
former in  case  where  grounding  of 
secondary  system  is  required? 

K.  w.  A.  (mo.) 
In  order  to  measure  the  resistance  of 
one  ground  connection  it  is  necessary  to 
have  one  or  more  additional  ground  con- 
nections for  completing  the  measuring 
circuits.  It  is  desirable  to  use  a  direct- 
current  ammeter  and  voltmeter  for  such 
measurements,     as     there     are     various 


sources  of  small  voltage  at  and  between 
ground  connections  which  may  affect  the 
accuracy  of  a  bridge  reading.  Connec- 
tions may  be  made  as  shown  in  Fig. 
1433(a),  in  which  G  is  the  ground  con- 
nection, whose  resistance  is  to  be  meas- 
ured, G'  is  an  auxiliary  ground  connec- 
tion for  completing  a  current-carrying 
circuit,  and  G"  is  a  ground  connection 
for  taking  oft'  the  potential  lead.  The  aux- 
iliarj'  ground  connections  need  not  be 
very  good,  and  usually  can  be  made  by 
driving  a  metal  rod  or  pipe  into  moist 
earth.  The  resistance  at  G  is  then  meas- 
ured by  reading  the  current  and  voltage 
with  connections,  as  in  Fig.  1433(a). 
The  ground  resistance  in  ohms  is  found 
in  the  usual  way,  by  dividing  volts  by 
the  amperes.  A  single  driven  ground 
pipe  usually  will  not  give  a  good  enough 
connection  for  a  power  circuit  at  all 
seasons.  A  good  method  of  making  a 
ground  connection  for  power  circuit  is 
described  in  Rule  15-G  of  the  National 
Electric  Code.  .\t  installations  where 
direct  current  is  not  available,  the  resist- 
ance test  can  be  made  as  described 
above,  but  the  results  will  not  be  as  ac- 
curate as  with  direct-current  circuits, 
chiefly  on  account  of  the  difficulty  in 
measuring  very  low  alternating  voltages 
with  the  ordinary  portable  meter.  If 
the  voltage  drop  across  the  ground  con- 
nection, when  the  current  is  comparable 
to  the  capacity  of  the  installation,  is  too 
low  to  measure  on  a  7.5  volt  alternat- 
ing voltmeter,  the  ground  connection 
may   be   considered   good   enough,   even 
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though  the  exact  resistance  is  not  known. 
.\notlier  method  of  measuring  resistance 
is  to  drive  two  ground  pipes  into  the 
ground  adjacent  to  the  one  to  be  meas- 
ured. Calling  the  resistance  of  the 
ground  desired  7?„  and  resistance  to 
ground  on  the  other  two  A'.,  and  R^.  the 
resistance  of  /A  -|-  R~.  Ri  +  A',  and 
R.  +  A'j  can  be  measured  either  by  the 
voltmeter  ammeter  method,  or  with  less 
satisfactory  results  by  a  bridge,  and 
from  these  readings  the  value  of  R,  can 
be  calculated,  from  the  equation  7?j  := 
0.3  [(A,  +  A,)  —  (A,  -I-  i?J  -f 
(A3  -|-  Ri)].  Where  approximate  re- 
sults only  are  desired  in  measuring  the 
resistance  of  grounds  on  secondary  dis- 
tribution circuits  it  is  usually  possible 
to  connect  the  ungrounded  side  of  the 
line  directed  to  a  water  pipe  with  a  ten 
ampere  fuse  in  the  circuit.  If  the  fuse 
blows  the  ground  may  be  considered 
good  enough  for  all  practical  purposes. 
If  the  fuse  does  not  blow  an  ammeter 
can  be  connected  in  the  circuit  and  the 
current  measured.  From  this  reading, 
assuming  the  voltage  to  be  no.  the  re- 
sistance is  quickly  calculated,  assuming 
that  the  resistance  between  the  water 
pipe  and  the  ground  is  negligible.  This 
is  a  rough-and-ready  test  which  can  be 
quickly  carried  out,  and  which  is  prob- 
ably more  accurate  than  the  resistance 
of  the  ground  is  permanent,  as  it  is 
well  known  that  the  resistance  of  a 
ground  connection  depends  considerably 
on  the  amount  of  moisture  present.  In 
a   large   number   of   tests   made   in   this 
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manner  on  a  large  city  distribution  sys- 
tem it  was  found  that  the  average  cur- 
rent obtained  in  this  way  with  galvan- 
ized iron  pipe  grounds  driven  six  feet 
into  tlie  earth  was  about  five  amperes 
when  tlie  connection  was  first  made, 
seven  or  eight  amperes  after  one  or  two 
minutes  and  three  or  four  amperes 
after  five  minutes,  the  action  of  the  al- 
ternating current  apparently  having  a 
decided  effect  on  the  resistance  of  the 
ground  for  the  first  few  minutes.  The 
resistances  obtained  varied  from  a  value 
too  low  to  be  measured  with  the  in- 
struments available,  but  estimated  at  less 
than  two  ohms  in  the  total  circuit  (prob- 
ably due  to  the  ground  pipe  having  ac- 
cideiitly  made  contact  with  a  water  pipe 
under  the  sidewalk)  to  values  of  50  or 
60  ohms;  the  large  majority  of  the  tests 
indicating  a  resistance  after  the  current 
had  been  flowing  for  a  few  minutes  of 
20  to  30  ohms.  H.  B.  T  and  c.  R.  R. 

1434 — Parallel  Operation  —  We  have 
three  three-wire,  220/110  volt,  direct- 
current,  commutating-pole  generators, 
one  of  125  kw  and  two  of  175  kw,  re- 
spectiveh',  designated  as  numbers  /,  2 
and  J.  The  equalizer  busses  run  be- 
tween the  machines,  and  the  equalizer 
switches  are  moimted  at  each  machine. 
Generators  /  and  2  operate  in  parallel 
very  well,  the  load  dividing  in  propor- 
tion to  their  respective  full-load  ca- 
pacities. Nos.  2  and  j,  however,  do 
not  operate  in  parallel  very  well.  No. 
2  takes  most  of  the  load.  In  fact,  to 
keep  the  voltage  at  220  volts  it  is  nec- 
essary to  cut  in  all  of  the  shunt  field 
resistance  in  .',  and  even  then  2  car- 
ries 100  amperes  more  than  5.  With 
the  resistance  all  in  on  either  2  or  j 
shunt  field  the  generated  volts  do  not 
exceed  five  on  open  circuit,  so  under 
the  above  parallel  operating  condition 
2  seems  to  be  running  as  a  series  gen- 
erator. All  of  the  machines  are  turbo- 
generator sets  and,  during  tests  de- 
vised to  locate  the  trouble,  it  was  noted 
that  the  speed  was  constant  under  any 
condition  of  load.  w.  i.  H.  (d.  c.) 

When  the  shunt  field  rheostat  is  all 
cut  in,  the  volt-ampere  characteristic  A 
of  the  shunt  field  circuit.  Fig.  1434(a), 
doubtless  lies  between  the  voltage  axis 
and  the  saturation  curve  B.  Under  this 
condition,  at  no  load,  the  voltage  gener- 
ated is  that  due  to  remanent  magnetism, 
and  the  voltage  will  not  build  up  above 
point  C,  since  above  this  point  the  IR 
drop  in  the  shunt  field  circuit  is  greater 
than  the  generated  voltage  for  any  value 
of  shunt  field  current.  It  is  to  be  ex- 
pected, therefore,  that  on  open  circuit, 
with  the  shunt  field  rheostat  all  cut  in, 
only  a  few  volts  will  be  generated.  But 
when  normal  voltage  is  applied  to  the 
shunt  field  as  at  full  load,  even  with  field 
rheostat  all  cut  in,  the  shunt  field 
strength  is  probably  a  large  percentage 
of  its  normal  value.  At  full  load,  with 
the  field  rheostat  all  in,  2  is  therefore 
operating,  not  as  a  series  generator,  but 
as  a  heavily  compounded  machine.  The 
probable  source  of  trouble  then  is  too 
strong  a  series  field,  or  to  its  taking 
more  than  its  share  of  current.  A  sim- 
ple way  to  remove  the  trouble  would  be 
to  place  a  low  resistance  in  the  series 
field  circuit  of  2.  as  at  D,  Fig.  1434(b), 
in  order  to  make  this  circuit  take  a 
smaller  portion  of  the  current  than  it 
does  at  present.  Adjust  this  resistance 
so  that  proper  division  of  load  is  ob- 
tained without  regulating  the  shunt  field 
rheostat.     An   alternative   method   is   as 


follows: — By  means  of  a  shunt  across 
tlie  series  field,  terminals  of  2  make  its 
change  in  voltage  from  no  load  to  full 
load,  running  independently,  the  same  as 
that  of  the  other  machines.  Then  make 
the  IR  drop  across  each  series  field  cir- 
cuit, when  carrying  full-load  current,  the 
same  by  inserting  resistance,  as  at  D,  if 
necessary.  This  drop  should  be  meas- 
ured between  the  bus-bar  B  and  the  point 


FIG.  1434(a)  and  (b) 

at  which  the  equalizer  connects  to  the 
machine.  If  proper  operation  is  not  ob- 
tained by  such  adjustments,  the  trouble 
is  probably  due  to  an  armature  voltage 
characteristic,  for  constant  excitation, 
that  droops  only  very  slightly.  To  se- 
cure the  needed  droop,  connect  a  low 
resistance  somewhere  between  o  and  b ; 
a  small  amount  of  bucking  series  wind- 
ing may  be  used  in  place  of  the  resist- 
ance. It  might  be  necessary  to  treat 
more  than  one  machine  in  this  way. 

F.  L.  M. 

1435 — Emergency    Transformer    Con- 
nection— Tliree    single-phase    trans- 
formers have  their  high-tension  wind- 
ings connected  three-phase  delta,  and 
low-tension   six-phase   for   diametrical 
connection    to    four    six-phase    rotary 
converters,    each    transformer    having 
four  secondaries.     If  one  transformer 
becomes    disabled,    is    it    possible    to 
operate    the    converters    with    the    re- 
maining two?     If  so,  at  what  percent 
of  normal  rating  ?       E.  G.  s.,  JR.  (tenn.) 
If  one  transformer  becomes  disabled, 
the  converters  can  be  operated  from  the 
other  two  by  disconnecting  the  disabled 
transformer    from    the    circuit    on    both 
the    high    and    low-voltage    sides.      The 
two  remaining  transformers  will  then  be 
operating    in    open    delta    on    the    high- 
voltage  side,  and  there  will  be  only  two 
windings  connected  to  each  converter  on 
the  low-voltage  side.    It  is  not  necessary 
to  change  the  scheme  of  connections  of 
the    two    remaining   transformers    when 
the  defective  one  is  cut  out.    Under  this 
condition    two    transformers    w^ill    carry 
only  58  percent  of   the   load  that  three 
would   carry   under   ordinary  conditions, 
w.  M.  M. 

1436  — Current  Capacity  of  Motor 
Wiring — Where  can  I  find  a  table  of 
current-carrying  capacity  for  magnet 
wire ;  or  what  rule  is  followed  in 
motor  design  ?  In  other  words,  what 
percentage  of  the  rating  of  "rubber 
insulation"  or  "other  insulation"  col- 
umns as  found  in  wire  tables  would 
be  used  for  magnet  wire  in  continu- 
ous service  in  motors,  and  what  per- 
centage of  either  column  would  be 
used  for  wire  that  is  in  service  for 
thirty  seconds  in  motor  starters? 

w.  J.  J.  (onT.\rio) 

It  is  not  possible  to  have  such  a  table. 

.^  wire  which  would  carry  lOO  amperes 

in  one  motor  might  not  carry  25  amperes 


in  anotlicr.  It  all  depends  on  the  motor 
speed,  on  the  voltage,  on  the  iron  losses, 
on  the  ventilation  between  coils  and  on 
the  time  the  motor  is  in  service.  The 
current  the  conductor  will  carry  depends 
on  its  ability  to  get  rid  of  the  heat  gen- 
erated. The  reason  that  the  Under- 
writers' table  is  possible  is  because  there 
is  only  one  wire  with  free  air  on  all 
sides  of  it,  and  this  condition  can  be 
made  the  same  in  all  cases.  In  the  case 
of  coils  in  the  motor,  there  may  be 
many  wires  gathered  together  and 
wrapped  up  in  more  or  less  insulation, 
depending  on  the  voltage.  Roughly 
speaking,  in  average  motor  design  the- 
value  lies  between  400  and  1000  circ.  mils 
per  ampere,  depending  on  the  conditions 
as  named  above.  .\.  M.  D. 

1437 — Operation  of  40  Cycle  Motors 
on  60  Cycles — We  have  approxi- 
mately 2000  horse-power  in  40  cycle 
apparatus,  but  a  certain  manufacturer 
has  suggested  that  we  order  60  cjxle 
generating  equipment  and  operate  the 
40  cycle  motors  from  the  60  cycle  gen- 
erating equipment,  by  changing  the 
sizes  of  pulleys  to  correspond  to  the 
change  in  speed.  It  appears  to  the 
writer  that  there  would  be  consider- 
able change  also  in  operating  charac- 
teristics, and  that  the  peripheral  speed 
of  the  rotors,  as  a  result  of  the 
change,  may  become  excessive.  We 
would  like  to  have  your  comment  on 
this  situation,  giving  us  definite  infor- 
mation as  to  just  what  could  be  ex- 
pected when  operating  40  cycle  motors 
on  60  cycle  circuit.  c.  E.  F.  (  minn.) 

If  tlie  40  cycle  motors  are  to  be  oper- 
ated on  the  60  cycle  circuit  at  the  same 
voltage  as  at  present,  it  will  mean  that 
only  65  percent  of  the  present  rating  of 
the  motors  can  be  obtained,  if  the  pres- 
ent operating  characteristics  are  to  be 
maintained,  that  is,  torques,  efficiency 
and  power-factor.  Changing  the  pulleys 
to  give  the  same  speeds  on  the  driven 
apparatus  is  no  doubt  contemplated,  so 
that  the  present  horse-power  will  still 
be  required,  and  in  that  case  the  above 
will  not  be  satisfactory.  It  is  possible 
that  the  manufacturer  referred  to  has  in 
mind  supplying  the  60  cycle  generator 
with  a  voltage  approximately  50  percent 
higher  than  the  present  motor  voltages, 
to  obtain  higher  ratings  from  the  motors 
in  proportion  to  the  increase  in  fre- 
quency. This  would  give  approximately 
the  same  operating  characteristics  as  at 
present,  with  the  possible  exception  of 
slightly  lower  starting  torque,  as  the  60 
cycle  motors  would  usually  require  more 
resistance  in  the  secondary  at  the  start. 
This  arrangement  would  be  working  the 
magnetic  material  at  the  same  density  as 
at  present  on  40  cycles  and  the  volts 
per  bar  on  the  secondary  w-ould  be 
higher  in  proportion  to  the  voltage  in- 
crease and  the  secondary  current  per 
bar  reduced  in  the  same  proportion. 
However,  since  the  horse-power  is  being- 
increased  in  proportion  to  the  voltage 
increase,  the  current  per  bar  will  be 
brought  back  to  the  same  value  that 
exists  at  present  on  40  cycles.  This 
means  the  same  rotor  loss  as  at  40 
cycles,  or  only  40/60  of  the  slip  and  ap- 
proximately the  same  proportion  of  the 
starting  torque.  The  starting  torque 
will,  no  doubt,  be  sufficient,  but  can  be 
increased,  if  necessary,  by  reducing  the 
end  ring  section,  or  changing  to  end 
rings  of  higher  resistance.  The  question 
of  peripheral  speed  of  the  motor  is  also 
important     and,     although     no     definite 
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statement  can  be  made  without  know- 
ing the  design  of  the  motor,  in  general 
the  squirrel-cage  motors  should  not  be 
operated  at  more  than  gooo  feet  per 
minute  and  the  wound-rotor  motors  at 
not  more  than  4500  feet  per  minute, 
without  having  them  checked  by  the 
motor  manufacturers.  B.  B.  R. 

1438 — Brush  Setting  —  Kindly  advise 
how  to  set  the  brushes  of  a  series 
motor  on  neutral  when  it  is  incon- 
venient to  reverse  the  direction  of  ro- 
tation, vv.  D.  s.  (OHIO) 
The  brushes  may  be  set  on  neutral  by 
means  of  the  kick  method  without  ro- 
tating the  armature.  In  order  to  do  this 
a  voltmeter  is  connected  across  a  posi- 
tive and  negative  brush,  as  close  to  the 
carbons  as  possible  to  insure  good  con- 
tact. The  series  field  should  be  sep- 
arately excited  through  a  suitable  switch 
so  that  the  current  can  be  made  and  in- 
terrupted. Each  time  the  field  current 
is  closed  or  broken  an  e.m.f.  will  be 
generated  in  the  armature  due  to  the 
building  up  or  dying  out  of  the  flux 
through  the  armature  core.  When  the 
brushes  are  on  neutral  there  will  be  no 
deflection  of  the  voltmeter.  The  brushes 
should  be  shifted  until  this  condition  is 
obtained.  In  the  case  of  a  commutating- 
pole  motor,  this  is  the  correct  setting  for 
all  loads.  For  a  non-commutating-pole 
machine,  the  brushes  should  be  given  a 
lead  of  about  1.5  percent  of  the  number 
of  commutator  bars.  A  more  accurate 
setting  can  be  made  in  the  case  of  a 
commutating-pole  machine  if  the  arma- 
ture be  driven  by  some  external  means 
and  the  commutating-pole  separately  ex- 
cited. As  before,  the  neutral  is  ob- 
tained when  there  is  no  deflection  of  the 
voltmeters.  H.  L.  s. 

1439 — Single-Phase  Motor — I  have  a 
one-half  horse-power,  three-phase,  lio 
volt  motor  which  I  run  on  a  single- 
phase  line  with  success.  I  pull  the 
belt  and  put  in  the  switch  and  the 
motor  starts  right  up.  It  is  delta- 
connected,  two-circuit.  I  wish  to  wind 
one  with  only  one  phase.  Will  it  be 
all  right  to  leave  the  other  two  phases 
out  of  the  motor  entirely?  Is  there 
any  difference  in  the  winding  of  the 
General  Electric  single-phase  motors 
with  three-phase  winding  and  the  reg- 
ular three-phase  induction  motor? 

T.  G.  S.  (C.AL.) 

To  rewind  the  three-phase,  delta-con- 
nected motor  mentioned  in  the  question 
we  would  suggest  the  use  of  two  phases 
of  a  star  winding.  This  permits  the 
use  of  two-thirds  of  the  slot  space  in- 
stead of  one-third,  as  would  he  the  case 
if  two  phases  of  the  delta  winding  were 
omitted.  In  rewinding,  each  coil  should 
have  approximately  58  percent  of  the 
number  of  turns  used  in  each  coil  of  the 
delta  winding,  and  the  size  of  wire 
should  be  increased  as  much  as  the  slot 
size  will  allow.  If  it  is  desired  to  make 
the  motor  self-starting,  the  third  phase 
could  be  wound  in  and  leads  brought  out 
from  both  ends.  In  this  case  the  third 
phase  should  be  connected  across  the 
line,  and  in  series  with  a  resistance.  The 
value  of  this  resistance  should  be  deter- 
mined by  experiment,  and  will  depend 
upon  the  amount  of  starting  torque  re- 
quired. The  circuit  through  the  third 
phase  and  the  resistance  must  be  opened 


THE   ELECTRIC   JOURNAL 

after  the  motor  has  come  up  to  speed. 
The  General  Electric  Company  at  one 
time  made  a  line  of  single-phase  motors 
which  had  an  ordinary  three-phase  wind- 
ing and  which  could  be  operated  from  a 
three-phase  circuit,  but  we  are,  of 
course,  unable  to  be  sure  that  the  motors 
to  which  you  refer  are  of  that  type. 

c.  H.G. 

1440 — Rewinding  Direct-Current  Ele- 
vator Motor — On  a  four-pole,  com- 
pound-wound elevator  motor,  the  arm- 
ature of  which  is  the  rin.g-wound  type, 
.straight-multiple  connection,  60  coils, 
60  bars  in  commutator  and  eight  turns 
of  No.  9  B.  &  S.  per  coil.  These  arm- 
atures constantly  cause  trouble  at  the 
commutator,  such  as  bad  sparking, 
black  and  rough  bars,  even  with  under- 
cut mica.  What  would  be  the  result 
with  respect  to  speed  and  commuta- 
tion if  the  armature  were  wound 
drum  type,  using  a  coil  span  of  i  and 
16  and  four  turns  of  No.  9  wire  in- 
stead of  eight  turns  with  the  same 
connection?  Could  these  machines  be 
connected  in  series  on  the  half,  usin.g  a 
59  bar  commutator  instead  of  60,  with- 
out changing  the  speed  and  capacity 
of  machine,  and  what  size  wire  and 
number  of  turns  per  coil  would  be 
necessary  to  use  to  keep  same  condi- 
tions? We  use  a  Bayliss  type  of 
brushholder.  Could  you  recommend  a 
better  one,  or  would  a  sliding-box 
type  of  holder  give  better  results? 

H.  A.  (n.  Y.) 
(i)  If  a  multiple-drum  type  armature 
winding  with  a  coil  span  of  /  to  16  and 
four  turns  per  coil  were  used  instead  of 
the  present  ring  winding  the  speed 
would  remain  unchanged  and  the  com- 
mutation would  undoubtedly  be  im- 
proved. (2)  By  using  two  turns  of  No. 
6  B.  &  S.  wire  (or  two  No.  g's  in  par- 
allel) per  coil  and  59  commutator  bars, 
and  connecting  to  commutator  bars 
1 -SI -2-33,  etc.,  the  machine  could  be 
given  a  series  winding,  which  would 
keep  the  speed  and  capacity  approxi- 
mately as  at  present.  (3)  It  is  probable 
that  the  commutation  troubles  are  due  to 
the  u.se  of  an  armature  with  poor  com- 
mutating  characteristics  rather  than  to 
the  type  of  brush  used.  For  this  service 
the  Bayliss  holder  should  prove  as  satis- 
factory as  the  sliding-box  tj^pe  and  is, 
in  addition,  more  quiet  in  its  operation. 
R.  L.  w. 

1 44 1  —  Flywheel  Formula  — ^  In  the 
JouRX.M.  for  1914,  Vol.  XI,  please  tell 
me  why  "moment  of  inertia  of  motor" 
is  given  as  II V  on  page  107  in  the 
answer  of  Q.B.  1027,  and  on  page  146, 
at  bottom  of  the  second  column,  it  is 
given  as  Wr'  -r-  <;?  Are  not  "moment 
of  inertia"  and  "fij^vheel  effect"  one 
and  the  same?  k.  c. T.  (ontario) 

The  terms  "moment  of  inertia"  and 
"flj'wheel  effect"  are  unfortunate  exam- 
ples of  the  looseness  of  definition  which 
is  all  too  common  in  engineering  term- 
inologj'.  You  will  find  either  one  defined 
both  in  terms  of  mass  and  of  weight. 
Also  they  are  used  interchangeably  by 
most  writers.  The  energy  stored  in  a 
flywheel  is  determined  from  the  funda- 
mental formula  for  energy  stored  in  a 
moving  body,  nameh',  E  =  0.5  MV 
where  .1/,  the  mass  of  the  body,  equals 
the  weight  divided  by  32.2.     It  seems  to 


us  that  moment  of  iner^ should  be  de- 
fined in  terms  of  mass,  as  is  done  at  the 
bottom  of  page  146,  Vol.  XI;  whereas 
flywheel  effect  is  preferably  defined  in 
terms  of  weight.  If  this  distinction  is 
made  the  last  column  in  question  IO27 
would  be  flywheel  effect  rather  than  mo- 
ment of  inertia.  Of  course,  it  makes  no 
difference  which  definition  is  used  as 
long  as  the  user  understands  which  one 
he  is  using  and  incorporates  the  proper 
constant  into  his  formula.  This  is  done 
both  in  the  article  mentioned  and  in  the 
answer  to  1027,  so  that  mathematically 
both  are  correct.  In  an  article  by 
Messrs.  S.  A.  Fletcher  and  C.  R.  Riker, 
on  page  270  of  the  Journal  for  March, 
1912,  on  account  of  this  confusion  of 
terms,  the  whole  question  was  dodged  by 
defining  the  energy  stored  in  a  flywheel 
in  terms  of  horse-power  seconds,  con- 
cerning which  there  is  no  possibility  of 
confusion.  In  the  equations  given  in 
this  same  article,  flywheel  effect  is  de- 
termined in  terms  of  weight,  the  value 
for  gravity  being  incorporated  elsewhere 
in  the  equation.  C.  R.  R. 

1442  —  Direct-Current    Generators    in 
Parallel — In   changing   over   from   a 
1 50  kw,  direct-current  generator  to  a 
y^  kw  generator,  it  is  our  practice  to 
put  both  machines  in  parallel  and  then 
change  over  the  load  by  working  the 
field  rheostat.    Is  there  any  liability  of 
motoring  if  the  field  resistance  of  the 
150  kw-  machine  is  cut  all  in,  thus  re- 
ducing the  voltage  very  low,  or  should 
the  field  rheostat  be  cut  in  just  enough 
to  show  no  load  on  the  ammeter?     It 
is  the  custom  of  one  of  the  men  to 
have  a  load  of  about  50  amperes  on 
the    150   kw   machine   before   tripping 
the  circuit  breaker.    Is  this  good  prac- 
tice? c.  p.  (CAL.) 
If  enough  of  the  field  rheostat  of  the 
150  kw  generator  were  Cut  in,  doubtless 
the    machine    would    motor.      In    trans- 
ferring the  load   from  this  generator  to 
the  75  kw  machine,  the  field  rheostat  of 
the  former  should  be  cut  in  just  enough 
to   show  no   load   on   the  ammeter.     In 
general,  it  is  the  best  practice  to  reduce 
the  current  of  a  generator  almost  to  zero 
before  taking  it  off  the  line,  for  the  rea- 
son that  this  results  in  the  least  wear  on 
the    circuit    breaker    and    the    minimum 
voltage  disturbance.  F.  i..  M. 

1443 — Repulsion  Motor — I  have  an  in- 
duction-repulsion   motor   which    I    am 
rewinding.      The    rotor    has    79    com- 
mutator bars  and  82  coils.     Three  of 
the  coils  are  short-circuited  to  a  coil 
lying  next  to  it.    Will  you  tell  me  why 
they   are   short-circuited,   and   does   it 
make  any  difference  in  what  part  of 
the  rotor  they  are  placed  ?       T.  s.  (c.\L.) 
T':e  cause  of  the  extra  coils  is  using  a 
stock  commutator  in  combination  with  a 
stock   rotor  core   of   some   other   rating 
that  does  not  match  up.     The  coils  are 
left  in  circuit  instead  of  being  left  dead, 
for  the  reason  that  when  the  motor  is 
up  to  speed  and  the  commutator  short- 
circuited  these  three  extra  coils  become 
just  as  effective  in  helping  to  pull  the 
load  as  are  the  remaining  79  which  are 
regularly  connected.    It  does  not  matter 
in    what    part    of    the    rotor    they    are 
placed,  but  they  should  not  be  put  all  to- 
gether.      Distribute     them     around     the 
motor  as  nearly  as  possible  120  mechan- 
ical degrees  apart.  a.  m.  d. 


The  Electric  Journal 


VOL.  XIV 


APRIL,  1917 


NO.  4 


Central 

Station  Power 

for  Electric 

Furnaces 


In  i<)08  there  was  one  electric  steel 
furnace  in  the  United  States  with  an 
annual  production  of  55  tons.  At  the 
first  of  the  present  year  there  were 
reported    136   furnaces,   as   compared 


de]jartnients  to  bctjin  to  study  this  sul)ject,  to  locate  the 
industrial  establishments  in  which  such  possibilities 
exist,  and  thus  to  be  in  a  position  to  take  prompt  advan- 
tage of  the  first  opportunity  to  furnish  electric  service. 

A.  H.  McIntire 


with  /^  for  the  year  previous.  One  of  the  largest  so  far 
installed  is  that  at  Duquesne,  a  suburb  of  Pittsburgh, 
last  November,  whicf^  is  rated  at  20  tons  and  is  reported 
to  be  operating  very  satisfactorily. 

Far-seeing  central  station  officials  are  realizing  the 
tremendous  possibilities  to  the  industry  in  the  rapid  in- 
crease in  the  use  of  electric  power  as  a  source  of  heat 
supply.  As  in  the  case  of  incandescent  lighting  and 
motor  drive,  while  it  may  often  appear  that  the  direct 
cost  of  electric  service  will  be  in  excess  of  older  and 
more  common  methods,  the  incidental  advantages  ob- 
tainable by  the  electrical  method  are  frequently  found 
to  be  controlling  reasons  for  the  substitution  of  electric 
])0wer.  For  instance,  the  electric  steel  furnace  does  not 
introduce  undesirable  elements,  as  is  the  case  with  other 
forms  of  "fuel;"  there  is  more  complete  removal  of 
oxygen  and  freedom  from  segregation ;  the  conditions  of 
operation  can  be  controlled  and  repeated  to  a  nicety  and 
a  superior  product  can  be  secured. 

The  electric  furnace  can  no  longer  be  said  to  be  in 
the  small  experimental  stage  with  20  ton  furnaces  in 
regular  operation.  In  the  manufacture  of  high-speed 
tool  steel  the  usual  pour  from  a  crucible  is  100  pounds, 
whereas  six-ton  heats  are  regularly  used  in  electric  fur- 
nace operation. 

A  nmnber  of  contributions  are  published  in  the  pres- 
ent issue  on  the  electric  furnace  in  steel  mill  work,  both 
from  the  standpoint  of  the  steel  mill  operating  man  and 
of  the  supplier  of  electric  service.  The  fact  that  the 
present  discussions  have  been  limited,  in  general,  to  steel 
mill  practice  might  give  some  utility  men  the  impression 
that  such  information  is  not  applicable  to  their  district, 
due  to  the  fact  that  no  steel  is  produced  within  reach  of 
their  circuits.  There  are,  however,  numerous  other  ap- 
plications for  electric  furnaces  and  electric  heat,  some  of 
which  can  be  found  in  almost  any  city.  Many  ferro- 
alloys are  now  made  electrically,  material  for  high-grade 
steel. and  alloy  castings  is  being  melted  and  refined  elec- 
trically, non-ferrous  metals  are  melted  in  electric  fur- 
naces, and  resistance-type  furnaces  are  very  successful 
for  the  heat  treatment  of  steels.  A  still  further  applica- 
tion with  important  possibilities  is  the  use  of  electric 
heat  for  enameling  and  other  industrial  work,  in  which 
only  a  small  beginning  has  as  yet  been  made. 

In  some  cases  suitable  methods  and  apparatus  have 
not  yet  been  developed,  but  it  certainly  should  be  very 
much  to  the  advantage  of  central  station  new  business 


The   Modern      '^"''"^    primary    benefits    of    the    small 
"/-\i  1  /-v   I  electric  motor  and  the  use  of  electric 

(Jld  Oaken  1       1      n     ^    ^    1  • 

service  are  very  clearly  illustrated  in 

DucKet  j.j.|g    article    upon    "Domestic    Water 

Supply  Systems,"  by  Mr.  H.  F.  Boe,  which  appears  in 
this  issue.  Silent,  efficient  and  reliable — a  power  pro- 
ducer which  may  be  started  and  stopped  automatically 
— these  characteristics  of  the  electric  motor  have  con- 
tributed to  its  extensive  use  in  this  service  and  have 
been  a  big  factor  in  the  development  of  a  wonderfully 
successful  method  of  water  supply  for  the  country  and 
suburban  home. 

In  the  outskirts  of  almost  every  city  or  town  there 
is  obviously  a  large  zone  which  cannot  economically  be 
reached  by  central  water  supply,  and  inhabitants  must 
themselves  make  suitable  provision  for  their  individual 
needs.  Such  districts  are  now  often  supplied  with  elec- 
tric current,  usually  for  lighting  purposes.  Before  the 
electric  circuit  had  reached  these  districts  the  power  re- 
quired for  the  water  supply  was  usually  hand  power,  or 
the  gasoline  engine,  with  the  necessary  attention  in  start- 
ing, stopping  and  the  supplying  of  fuel  and  lubricant. 
The  well  or  cistern,  with  its  hand-operated  pump,  has 
become  classic  in  American  rural  life.  The  use  of  elec- 
trically-driven pumps  has  greatly  benefitted  those  who 
live  in  the  country  and  more  distant  suburbs,  and  has 
been  no  small  factor  in  making  country  life  more  enjoy- 
able. 

The  central  station  load  in  districts  where  the  load 
factor  is  low  has  been  increased  by  the  use  of  these  de- 
vices. They  are  regular  power  consutners,  both  winter 
and  summer.  At  present  a  load  of  probably  between 
7500  and  10  000  kilowatts  is  annually  being  added  to 
central  station  circuits  for  the  operation  of  household 
pumps,  and  the  energy  is  employed  several  hours  during 
the  day. 

The  advantages  of  electrically-driven  house  pumps 
are  not  limited  entirely  to  those  who  use  central  station 
power.  Low-voltage  domestic  lighting  plants  are  being 
installed  in  large  numbers  where  central  station  current 
is  not  available,  and  upon  such  circuits  small  electrically- 
driven  house  pumps  are  being  successfully  operated. 
Mr.  Boe's  article  illustrates  very  clearly  the  various  re- 
quirements and  refinements  of  household  equipment  for 
the  pumping  and  storing  of  water,  no  matter  at  what 
level  the  water  supply  may  exist.       Bernard  Lester 


Cook 


E.  H.  Sn'iffi.v 

Manager,  Power  Department, 

Westinghouse  Electric  &  Mfg.  Company 


WHEN  Mr.  Charles  S.  Cook  resigned  his  position 
on  March  ist  as  Manager  of  the  Railway  and 
Lighting    Department    of    the    Westinghouse 
Electric  &  Mfg.  Company  to  become  General  Manager 
of  the  Duquesne  Light  Company,  Pittsburgh,  he  brought 
to  his  large  circle  of  friends  a  conflict  of  emotions  which 
he  will  not  find  it  difficult  to  understand.    Glad,  indeed, 
they  were  to  see  his  abilities  recognized,  to  see  a  large 
public  service  corporation   reach   out    for   his   splendid 
attainments,    begotten     o  f 
long  and  varied  experience, 
but  no   less   regretful   that 
he  should  leave  the  circle  in 
which  he  had  been  so  stal- 
wart and  delightful  a  figure. 
This  circle  had  strong  claim 
upon  him,  for  the  inevitable 
mutations  o£  human  affairs 
do    not    often    strike    the 
Westinghouse  organization. 
The  Electric  Company  has 
grown  and  prospered  with 
few  changes  in  its  person- 
nel; the  men  have  grown 
with    it.      It    is    no    casual 
event  for  either  Mr.  Cook 
or  his   associates   to   have 
him  withdrawn  from  their 
number  after  a  career  with 
the  company  extending  to 
thirty  years,  for  he  started 
with  the  company  in  1887, 
when    our    knowledge    of 
electricity  was  very  young. 
Predictions  of  its  great  fu- 
ture were  upon  everyone's 
lips,  but  the  wildest  imagin- 
ings of  that  day,  hoped  for 
or  smiled  over  by  its  vota- 
ries of  the  period,  have  long  since  become  the  common- 
places of  our  daily  experience. 

Mr.  Cook  was  born  at  Amherst,  Mass.     His  father 
was  a  farmer,  and  the  boy's  early  contact  with  the  soil 


and  the  rule-of-thunib  expedients  of  that  period,  when 
reference  books,  wiring  tables  and  data  of  various  kinds 
were  still  to  be  created,  and  when  a  man's  utmost  re- 
sources were  under  constant  tax.  The  field  engineer  of 
that  time  was  of  necessity  an  all-around  man.  He 
erected  the  whole  plant ;  he  specialized  on  no  one  part. 
The  boiler,  the  engine,  the  generator,  the  switchboard, 
the  outside  line  work — all  looked  much  alike  to  him. 
The  later  magnitude  of  such  work,  with  its  refinements, 
with  its  specialization,  was 
not  a  thing  of  that  day.  He 
had  to  be  able  to  do  every- 
thing himself.  He  was  the 
hero,  the  necromancer  who 
created  this  new  light  with 
all  its  mystery,  and  if  you 
asked  him  anything  about  it 
you  heard  a  lot  of  new 
terms  —  volts,  amperes, 
watts,  and  such  like  — 
which  made  you  feel  quite 
helpless,  a  n  d  you  mar- 
veled how  any  man  could 
k  n  o  w  so  much  and  do 
such  wonderful  things.  It 
is  a  fact  that  while  he  en- 
joyed the  halo  of  a  new  and 
mysterious  science  and  was 
to  the  public  a  sort  of  mir- 
acle worker,  he  was  in  a 
very  true  sense  a  most  im- 
I)ortant  personage  in  his 
company.  For  his  company 
was  then  small;  the  presi- 
dent, a  Westinghouse  or  an 
Edison  was,  perhaps,  di- 
recting the  installation  of 
this  plant.  He  was  giving 
his  orders  directly  to  this 
construction  engineer  who,  in  the  scope  of  his  respon- 
sibilities, in  the  initiative  he  used,  and  in  the  represen- 
tative character  of  his  commission,  has  no  counterpart 
in  the  organizations  of  today.     It  took  strong  men  to 


Cn.\Ri,F.s  Stetson  Cook 


imparted  to  his  mind  and  his  body  the  ruggedness  which  survive  this  early  period  of  the  electrical  mdustry,'  with 
we  commonly  observe  in  our  men  of  business  who  have  all  its  untried  problems  and  pioneer  labor,  and  those 
started  life  out  upon  the  land.     He  was  sent  to  W^or-     who  emerged  successfully  from  it  became  the  big  men 


cester  Polytechnic  Institute,  where  he  graduated  in  me- 
chanical engineering  in  1885.  After  a  short  time  spent 
in  the  Electric  Company's  shop  he  went  out  as  installa- 
tion engineer,  dealing  at  first  hand  with  the  new  prob- 
lems of  erecting  and  operating  electrical  apparatus. 

It  is  one  of  the  privileges  today  of  the  old-timers, 
when  they  meet  for  a  social  hour,  to  recall  the  crudities 


of  the  business  in  the  later  years. 

Mr.  Cook's  experience  in  the  outside  engineering  and 
construction  work  was  extremely  varied,  covering  for  a 
period  of  some  five  or  six  years  practically  every  depart- 
ment of  the  Company's  activities.  In  1892  he  laid  out 
the  first  long-distance  transmission  system  installed  in 
the  United  States.    This  was  a  10  000  volt  line,  extend- 
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ing  some  28  miles  between  San  Antonio  Canon  and  San 
Bernardino,  California.  Mr.  Cook  naturally  found 
many  new  problems  to  solve.  He  was  told  that  5000 
volts  was  as  high  as  the  company  cared  to  go.  On  look- 
ing over  the  ground  he  determined  upon  10  000  volts 
transmission,  which  was  higher  than  any  voltage  com- 
mercially in  use  anywhere.  He  knew  of  the  10  000  volt 
line  being  tried  at  that  time  experimentally  at  the  Frank- 
fort Exposition  in  Germany,  and  he  concluded  to  em- 
ploy it  in  the  California  system.  The  power  was  sup- 
plied hydraulically  with  a  425  foot  fall.  The  plant  com- 
prised two  150  kilowatt  generators,  running  at  600 
r.p.m.,  with  two  Pelton  wheels  on  each  shaft.  The 
largest  step-up  transformer  the  Company  would  under- 
take to  build  was  of  six-kilowatt  capacity.  These  trans- 
formers were  set  in  glass  jars  filled  with  oil,  connected 
in  series,  using  something  like  twenty-four  transformers 
to  each  machine.  Somebody  asked  Mr.  Cook  how  he 
expected  to  carry  this  high-tension  line  out  through  the 
station  wall  without  danger.  His  reply  was  character- 
istic. He  said:— "We  will  carry  the  line  out  through 
vitrified  drain  tile.  The  line  will  go  out  through  the 
center  of  the  tile,  and  we  will  have  the  hole  big  enough 
so  you  can  throw  a  cat  through  it  on  any  side  of  the 
wire  without  touching."  This  plant  ran  successfully  for 
about  a  dozen  years  until  it  was  absorbed  by  a  larger 
company. 

Another  important  work  that  he  undertook  was  the 
laying  out  for  Mr.  Westinghouse  of  the  plant  for  the 
World's  Columbian  Exposition  at  Chicago.  The  plant 
comprised  twelve  750  kw  units.  This  was  a  big  thing 
in  its  day,  talked  about  all  over  the  country.  It  was 
probably  the  largest  single  lighting  plant  in  existence  in 
1893.  It  would  be  hard  to  conceive  of  any  power  under- 
taking of  today  which  would  involve  anything  like  the 
originality  or  daring,  or  which  carried  anything  like  the 
uncertainty  respecting  its  various  elements  which  char- 
acterized this  World's  Fair  installation. 

As  far  back  as  1891  Mr.  Cook  had  begun  to  take  an 
important  part  in  the  Company's  commercial  affairs,  fre- 
quently conducting  sales  negotiations,  as  well  as  attend- 
ing to  the  engineering  of  the  installations.  He  proved 
to  be  a  very  capable  salesman ;  first,  because  he  had  the 
commercial  instinct,  and,  second,  because  he  possessed 
the  engineering  knowledge  of  his  subject  to  make  his 
views  effective.  He  had  the  rare  combination  of  an 
equally  balanced  instinct  for  the  business  side  of  his 
work  and  for  the  engineering  integrity  of  the  work  itself 
— a  good  salesman  and  a  good  engineer- — a  double  en- 
dowment that  has  been  vouchsafed  to  very  few  men. 

If  a  man  has  these  two  qualities  of  excellence  it  is 
very  likely  that  the  commercial  work  will  command  the 
greater  part  of  his  time.  The  public  claims  his  atten- 
tion. He  who  can  carry  the  voice  of  the  company  in  a 
way  that  it  will  be  heard  and  respected  will  have  plenty 


of  it  to  do.  He  embodies  the  company's  thought  and 
motive.  He  holds  in  a  most  fiduciary  sense  the  welfare 
both  of  his  company  and  of  the  customer  it  serves.  Once 
he  establishes  his  right  to  this  mutual  trust,  he  cannot 
escape  the  demands  for  his  service.  And  so  Mr.  Cook 
became  a  commercial  man  entirely,  giving  attention  in 
the  Pittsburgh  district  especially  to  the  application  of 
electrical  apparatus  in  the  steel  mills.  At  this  time,  in 
1895,  these  great  mills,  which  are  today  so  largely 
equipped  with  electric  power  devices,  were  almost  with- 
out any  electrical  equipment.  Practically  the  only  motors 
they  used  were  on  cranes.  The  Duquesne  plant  had  no 
electric  power.  Homestead  had  only  300  horse-power ; 
Edgar  Thomson,  100  horse-power.  He  began  to  build 
up  the  electrical  business  of  this  district,  becoming,  in 
January,  1899,  Manager  of  the  Pittsburgh  ofifice.  and 
during  the  period  of  nine  years  that  he  looked  after 
this  work  the  electrification  of  Pittsburgh's  many  classes 
of  industrial  plants  became  pretty  well  established. 

In  April,  1904,  he  was  advanced  to  more  important 
duties  at  East  Pittsburgh  headquarters,  becoming  Man- 
ager of  the  Railway  and  Lighting  Department,  which 
position  he  held  for  nearly  thirteen  years.  During  that 
time  the  company's  business  in  apparatus  for  lighting 
and  power  service  has  grown  by  great  leaps  to  its  pres- 
ent tremendous  position.  There  have  been  a  number  of 
important  electrifications  of  steam  railroads.  Power 
transmission  companies  are  operating  lines  1000  miles 
in  extent.  Central  stations  have  grown  to  as  large  as 
200  000  kilowatts  under  one  roof.  Electric  service  in  its 
myriad  forms  has  been  woven  into  the  fabric  of  our 
utilitarian  existence.  But  practical  as  the  work  may 
have  been,  it  has  had  its  romance,  its  storm  and  stress, — 
this  Homeric  age  of  the  art  in  which  the  man  who 
dared  might  prove  himself  master  of  circumstance. 
In  our  era  of  invention  and  material  development  the 
electrical  field  has,  perhaps,  been  the  chiefest  contrib- 
utor to  the  world's  welfare,  and  among  those  who  have 
done  the  big  work,  who  have  contributed  a  man's  share 
to  its  progress,  will  always  appear  the  name  of  Charles 
S.  Cook. 

A  big  enough  career  to  write  about.  An  experience 
well  worth  the  outlining  if  only  to  hold  up  before  the 
younger  generation  a  figure  who  has  sounded  well  the 
depths  of  a  man's  service,  and  who  will,  as  long  as  he 
lives,  give  unsparingly  of  all  that  he  has.  And  when 
we  find  that  quality  in  a  very  able  man  we  then  have  a 
good  definition  of  a  successful  career,  for  if  success 
means  anything  it  means  happiness,  and  happy  is  he  who 
serves  and  can.  The  comforting  thought  to  Mr.  Cook's 
friends  in  the  Electric  Company  is  that  the  electrical  in- 
dustry still  holds  him;  that  while  the  manufacturing 
end  loses,  the  operating  end  gains, — and  that  in  this  field 
which  has  been  his  life  work  he  will  still  give  the  fullest 
measure  of  heart  and  brain. 
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Thomas  Robson  Hay 

Power  Sales  Engineer, 

Duquesne  Light  Companj',  Pittsburgh 


PROGRESS  in  chemistry  and  metallurgy  has  kept 
pace  with  the  ever  increasing  demand  for  steel, 
but  the  instruments  with  which  to  apply  this 
knowledge  have  not  always  been  at  hand.  Various 
methods  of  heat  production  have  followed  each  other  in 
succession,  but  it  is  only  recently  that  electricity  as  a 
practical  source  of  heat  generation  has  been  considered. 
At  first  the  application  of  the  electric  furnace  was  made 
cautiously  on  account  of  the  meager  technical  and  metal- 
lurgical data  available,  and  also  on  account  of  the  com- 
parative cheapness  of  gas  and  coal  as  fuels.  In  recent 
years,  however,  the  improvement  in  the  generation  and 
distribution  of  electricity  has  reduced  the  overall  differ- 
ential between  the  cost  of  electric  heat  and  of  heat  pro- 
duced directly  from  other  fuels  to  such  an  extent  that 
electric  furnace  engineers  have  been  encouraged  to  con- 
tinue development  work  on  thermo-electric  equipment, 
and  iron  and  steel  manufacturers  have  been  encouraged 
to  assist  in  this  development  on  account  of  the  fact  that 
costs  can  be  realized  that  are  somewhat  comparable 
with  those  obtainable  when  using  other  forms  of  heat. 
When,  however,  it  is  understood  and  recognized  that  by 
the  use  of  heat  free  from  contamination  and  from  an 
oxidizing  atmosphere,  certain  chemical  reactions  and 
metallurgical  operations  are  made  possible  which  can- 
not be  performed  by  the  older  methods,  and  that  not 
only  can  the  dead  melting  operation  of  the  crucible  be 
duplicated,  but  cheaper  materials  containing  objection- 
able ingredients  can  be  refined  and  give  a  steel  equal  in 
every  respect  to  the  best  quality  of  crucible  steel  known, 
then  the  really  phenomenal  growth  of  the  electric  fur- 
nace for  use  in  the  manufacture  of  the  various  grades  of 
steel  and  its  high-grade  compounds  can  be  understood. 
Two  particular  methods  of  applying  electric  heat  to 
the  steel  melting  and  refining  furnace  have  been  pro- 
duced. In  the  first  case,  there  is  the  direct  application 
of  the  heat  from  the  electric  arc  to  the  charge  in  the  fur- 
nace, and  in  the  second  case,  the  generation  of  heat  in 
the  metallic  charge  by  means  of  induced  currents.  The 
first  t)^e  is  known  as  the  arc  type  and  can  be  operated 
satisfactorily  on  any  standard  frequency  of  current. 
The  second  furnace  is  known  as  the  induction  type  and 
operates  on  low-frequency  circuits  at  five  and  ten  cycles. 
The  arc  type  is  better  adapted  to  general  application,  and 
for  connection  to  central  station  lines.  It  is  merely  a 
brick  enclosed  hearth  on  which  steel  is  made,  the  source 
of  heat  being  the  electric  arc,  just  as  heat  from  flame  is 
utilized  in  furnaces  using  fuel ;  while  the  induction  fur- 
nace is  really  an  electrical  apparatus,  as  it  contains 
within  itself  the  transformer,  which  induces  the  heat  in 
the  charge.  With  the  usual  arc  type  furnace  the  elec- 
trodes are  all  suspended  vertically  over  the  bath,  the  cur- 
rent passing  into  and  over  the  top  of  the  bath  in  passing 


between  the  electrodes.  With  a  ditferent  arrangement 
part  of  the  electrodes  are  suspended  vertically  above  the 
bath,  the  hearth  of  the  furnace  or  a  specially  designed 
electrode  with  holder  acting  to  complete  the  circuit,  thus 
causing  the  current  to  pass  into  and  through  the  bath. 

In  addition  to  the  two  general  types  mentioned,  which 
are  applicable  primarily  to  steel  melting  and  refining,  a 
third  type,  known  as  the  resistance  furnace,  is  used  prin- 
cipally for  heat  treating,  annealing,  and  for  the  melting 
of  non-ferrous  metals.  It  operates  satisfactorily  at  any 
standard  frequency.  The  production  of  heat  is  accom- 
plished by  the  passage  of  an  electric  current  through  a 
graphitic  or  other  resistance,  the  heat  generated  being 
radiated  to  the  roof  and  walls  of  the  furnace  and  from 
there  reflected  on  to  the  hearth.  The  temperature  of  the 
resistance  furnace  can  be  more  easily  moderated  and 
controlled  than  can  that  in  the  arc  type  furnace,  and  the 
reflection  of  the  heat,  although  at  a  reduced  thermal  effi- 
ciency, acts  to  protect  the  charge  from  the  direct  appli- 
cation of  the  heat  at  temperatures  that  are  too  high, 
besides  giving  an  equal  distribution  in  a  neutral  atmos- 
phere at  practically  constant  temperature  over  the  en- 
tire hearth,  thus  reducing  metal  losses  by  scaling  and 
giving  a  more  uniform  heat  throughout  the  charge.  In 
non-ferrous  melting  furnaces  of  this  type  there  is  a 
minimum  burning  out  of  the  metals  and  the  furnace  is 
hermetically  sealed. 

With  but  few  exceptions,  the  power  for  operating 
these  furnaces  is  purchased  from  the  central  station, 
whose  power  supply  is  generally  polyphase  at  25  or  60 
cycles,  with  delivery  at  any  voltage  needed.  In  fur- 
naces of  small  capacity,  say  up  to  one  ton,  single-phase 
service  may  be  permissible.  In  the  large  furnaces,  poly- 
phase supply,  involving  the  use  of  more  electrodes  for 
current  conductors,  is  necessary,  as  it  has  been  well  es- 
tablished that  as  the  capacity  of  the  furnace  is  increased 
the  number  of  electrodes  should  also  be  increased.  There 
are  certain  very  good  reasons  why  any  increase  in  arc 
voltage  over  that  nominally  used  (100  volts)  should  be 
avoided. 

The  principal  advantages  of  the  electric  furnace  over 
other  methods  of  making  steel  are: 

I — It  economically  produces  the  highest  temperature  obtain- 
able. 

2 — It  offers  a  ready  and  easy  means  of  exact  temperature 
control. 

3 — Any  temperature  or  treatment  by  slags  is  possible  with- 
out contamination  of  the  charge  through  gases  and  other  im- 
purities. 

4 — Fusion  is  effected  in  a  perfectly  neutral  atmosphere. 

5 — More  rapid  steel  melting  can  be  accomplished  with  the 
electric  furnace  than  with  other  types  available. 

Primarily  the  electric  furnace  is  a  refining  medium 
and  is  not  intended  to  and  probably  never  will  compete 
with  the  blast  furnace  for  smelting  iron  ores,  although 
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with  cheap  current  it  has  been  and  is  being  used  to  smelt 
highly  refractory  metals  from  the  oxides.  Without  ex- 
ception it  is  the  best  means  of  producing  high  quality 
steel  that  is  both  fine  and  homogeneous. 

The  arc  furnace  may  use  either  direct  or  alternating- 
current,  but  for  commercial  reasons  alternating  current 
is  almost  exclusively  employed,  and  for  the  same  reason 
the  use  of  three-phase  current  supply  is  more  general 
than  that  of  single  phase.  Transmission  voltage  may  be 
of  any  value,  as  it  is  transformed  at  the  furnace  to  the 
voltage  required  for  the  melting  or  heating  operation. 
As  the  arc  is  simply  an  electrical  resistance,  the  working 
voltage  at  the  furnace  terminals  depends  on  the  length 
of  arc  desired.  If  the  arc  is  to  be  confined  between  the 
bath  and  the  end  of  an  electrode  of  considerable  area, 
this  arc  should  be  as  short  as  possible,  so  as  to  reduce 
heat  radiation  to  the  roof  and  walls  by  the  smothering 
action  of  the  electrode,  while  at  the  same  time  keeping 
the  carbon  electrode  out  of  the  molten  bath.  The  usual 
p  o  tential  between 
electrodes  is  about 
100  volts,  and  this 
value  may  be 
varied  about  10 
percent  either  way, 
depending  on  con- 
ditions and  results 
desired.  S  e  parate 
t  r  a  n  sformers  for 
each  phase  are 
p  r  e  f  e  rable  to  a 
polyphase  trans- 
former,  as  trouble 
in  one  transformer 
would  not  mean  a 
complete  shutdown, 
with  consequent 
loss  of  all  or  a  part 
of  the  charge  in  the 
furnace.  Single- 
phase  transformers 
for  a  polyphase 
installation,  instead  of  one  polyphase  transformer,  will 
mean,  however,  a  slightly  more  expensive  installation. 
It  is  the  usual  practice  for  the  transformers  to  be  fur- 
nished as  an  integral  part  of  the  complete  fvu-nace  in- 
stallation, and  hence  this  feature  is  not  usually  decided 
by  the  central  station. 

The  electric  furnace  is  a  desirable  load  for  the  cen- 
tral station,  because  it  takes  a  large  number  of  kilowatt- 
hours  at  one  point  with  long  hours  of  usage  at  a  com- 
paratively high  load  factor,  requires  little  attention  from 
the  central  station  after  the  connection  is  once  made  and 
can  be  adjusted  in  its  operation  so  as  to  be  very  largely 
off-peak  load. 

Some  furnaces  are  undesirable  because  of  the  very 
wide  and  very  rapid  fluctuations  in  the  load,  unbalanc- 
ing of  phases,  low  power-factor  and  probable  distortion 
of  the  current  wave  form.   This  makes  them  very  difficult 


to  handle  on  a  small  power  system,  where  the  total  capac- 
ity of  the  system  is  only  a  few  times  the  size  of  the 
furnace.  For  example,  if  a  six-ton  (1000  kw)  furnace 
were  to  be  carried  from  a  single  2000  kw  generator,  it 
would  probably  disturb  all  other  service  served  from  the 
same  machine.  Similarly,  when  a  furnace  load  is  carried 
over  a  line  of  normal  impedance  drop,  its  rapid  fluctua- 
tions in  load  make  the  line  unfit  for  other  service. 
Where,  however,  the  generating  and  transmitting  system 
has  several  times  the  capacity  of  the  load  taken  by  the 
furnace,  these  fluctuations  become  entirely  negligible. 

The  electric  melting  furnace  is  substantially  a  big 
polyphase  arc  with  but  small  steadying  resistance  or  re- 
actance, other  than  that  in  the  furnace  transformers,  and 
which  is  liable  to  be  short-circuited  at  any  moment  dur- 
ing certain  stages  of  melting.  A  complete  heat  will  cover 
from  two  to  eight  hours,  but  the  usual  time  is  from  three 
to  five  hours,  depending  on  the  character  of  the  product 
and  whether  the  metal  is  fed  to  the  furnace  in  a  molten 

state  or  as  un- 
melted scrap.  When 
melting  cold  scrap, 
s  h  0  r  t-circuits  of 
varying  magnitude 
and  duration  are 
likely  to  occur  at 
any  time  during  the 
first  half  or  three- 
quarters  of  an 
hour,  until  the 
charge  is  fully 
melted.  Exclusive 
of  short  -  circuits, 
the  normal  varia- 
tion is  something 
like  30  percent 
above  or  below  the 
rating  of  the  fur- 
nace during  such  a 
period.  .\i  the  end 
of  the  heat  there 
may  be  a  short  peak 
of  10  to  20  minutes  duration,  due  to  the  introduction  of 
additional  heat,  so  that  the  charge  may  be  in  a  highly 
fluid  state  before  pouring.  .\t  times  during  the  heat  the 
current  may  be  reduced  to  a  small  value  while  introduc- 
ing materials,  such  as  limestone  or  other  fluxes,  to  change 
the  metallurgical  condition  of  the  charge.  On  systems 
of  relatively  small  capacity  some  arrangement,  such  as 
a  closely  set  automatic  cut-out  or  time-limit  relay  and 
also  artificial  reactance  external  to  the  furnace  installa- 
tion, is  desirable,  as  the  load  on  short-circuit,  with  the 
resistance  and  reactance  characteristics  usually  present 
on  systems  of  relatively  small  capacity,  may  arise  to 
from  ten  to  fifteen  times  the  full-load  current  of  the 
furnace. 

On  the  larger  systems  it  is  often  advisable  to  build  a 
separate  distribution  circuit  from  the  nearest  main  power 
feeder  so  as  to  be  sure  that  the  facilities  are  adequate  to 
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In  the  plant  of  the  Treadwell  Engineering  Company,  Easton,  Pa. 
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take  care  of  the  extreme  conditions  frequently  occurring 
and  so  that  other  consumers  may  not  be  afi'ected  by  out- 
ages or  abnormal  regulation  of  voltage  and  power-factor 
due  to  surges  prevalent  in  the  operation  of  the  furnace 
when  melting  down.  In  the  smaller  systems  it  may  often 
be  advisable  to  build  a  separate  line  connecting  into  the 
station  busses.  On  these  smaller  systems  the  connection 
of  electric  furnace  load  enables  the  use  of  larger  and 


FIG.  2 — TYPICAI.  LOAD  CURTC  ON  A  SIX-TOX   HEROULT  FURN.\CE 
REFINING  COI.D  SCRAP 

Universal  Rolling  Mill  Company,  Bridgeville,  Pa. 

more  efficient  generating  equipment  and  acts  to  raise  the 
■.tation  load  factor,  thus  decreasing  the  cost  of  power  at 
the  station  switchboard. 

When  making  furnace  installations  it  is  generally 
advisable  to  locate  the  transformers  as  near  the  furnace 
as  possible,  so  as  to  keep  the  length  of  secondary  leads 
to  a  minimum.  If  the  furnace  is  in  a  pit,  the  trans- 
formers may  be  set  on  a  foundation  on  the  floor,  but  if 
the  furnace  is  not  in  a  pit  the  transformers  may  be  set 
on  a  concrete  or  brick  platform.  All  the  equipment 
should  be  as  close  together  and  as  nearly  self-contained 
as  possible.  A  brick  or  concrete  wall  should  separate  the 
transformer  and  switching  room  from  the  electric  fur- 
nace, so  as  to  remove  all  operations  from  the  vicinity  of 
the  incoming  high  tension  lines  and  so  as  to  protect  the 
transformers  and  switching  equipment  from  splashing 
metal  and  from  dirt  and  fine  metallic  dust.  With  the 
usual  steel  making  furnace  the  secondary  leads  from  the 
transformer  enter  the  furnace  at  the  top  for  connection 
to  the  electrodes.  When  the  leads  come  into  the  furnace 
at  the  bottom,  they  heat  up  the  neighboring  steel  work 
by  induction,  caused  by  the  large  current.  The  distance 
between  the  secondary  leads  should  be  a  minimum,  so 
as  to  decrease  the  reactance.  On  account  of  the  .skin 
effect  which  appears  in  copper  leads  at  high  currents  and 
which  decreases  the  effective  carrying  capacity,  the  addi- 
tion of  more  copper  when  the  current  exceeds  4000 
amperes  in  the  secondary  leads  is  not  of  much  assistance, 
as  the  heat  losses  are  not  materially  decreased  and  there 
is  no  appreciable  increase  in  carrying  capacity. 

When  the  secondary  leads  are  brought  in  at  the  top 
of  the  furnace,  the  stiff  copper  cable  busses  (usually 
2000000  circ.mils)  from  the  secondary  terminals  of  the 
transformers  should  be  connected  to  the  flexible  leads  to 
the  furnace  electrodes  by  means  of  copper  plates.  The 
flexible  leads  should  be  of  sufficient  length  to  allow  maxi- 
mum movement  of  the  electrodes  when  varying  the  cur- 
rent input  to  the  furnace  and  as  the  electrodes  become 
shorter. 

With  the  larger  furnace  installations  it  is  usually  ad- 
visable to  use  transformers  with  interlaced  secondary 
leads.     This  arrangement  will  decrease  the  losses  and 


the  heating,  by  cutting  down  the  inductive  drop  between 
the  transformer  secondaries  and  the  electrodes.  These 
interlaced  leads  save  in  the  first  cost  of  the  installation 
by  increasing  the  carrying  capacity  of  the  copper  used. 
Exact  determination  of  the  proper  copper  sizes  to  use  is 
also  possible  by  the  use  of  the  ordinary  formulas  and 
rules  usually  applied.  About  4000  amperes  is  the  limit 
for  straight  bus-bar  work.  Above  that  point,  and  in 
many  cases  even  lower,  interlaced  leads  should  be  used. 

The  meters  for  measuring  the  input  to  the  furnace  are 
usually  supplied  with  the  furnace.  These  meters,  one  in 
each  phase,  are  usually  located  at  the  point  where  the 
secondary  transformer  leads  and  the  flexible  leads  to 
the  furnace  are  joined.  The  series  transformers  can  be 
conveniently  placed  at  this  point,  care  being  taken  to 
bring  the  interlaced  leads  of  the  several  phases  each  to 
a  common  point  before  connecting  to  the  series  trans- 
formers. 

The  input  to  the  furnace  is  usually  controlled  by 
raising  or  lowering  the  electrodes.  The  furnace  is  con- 
nected and  disconnected  from  the  power  circuit  by  means 
of  a  switch,  usually  on  the  primary  side  of  the  trans- 
formers. In  some  cases  particularly  with  the  smaller  in- 
stallations, this  switch  is  placed  on  the  low  tension  side, 
as  the  power  for  the  operation  of  the  electrode  motors 
and  the  tilting  motor,  which  tilts  the  furnace  for  pour- 
ing, is  taken  from  the  low-tension  circuit.  In  emergency 
cases  such  an  arrangement  is  not  generally  satisfactory, 
as  no  power  source  independent  of  the  furnace  itself  is 
available  for  controlling  and  operating  the  auxiliary 
equipment.  If  an  electrode  sticks,  or  if  it  is  desired  to 
work  on  the  auxiliary  control  equipment,  it  is  necessary 
to  open  the  entire  furnace  circuit  or  work  on  live  equip- 
ment. It  is,  therefore,  usually  desirable  to  have  all 
auxiliary  equipment  used  in  connection  with  the  furnace 
supplied  from  a  transformer  installation  independent  of 
the  furnace  transformers.  This  arrangement  makes  the 
au.xiliary  equipment  self-contained  as  to  operation  and 
entirely  independent  of  furnace  troubles  and  outages. 

When  an  independent  circuit  is  used  for  the  auxiliary 
equipment,  an  automatic  oil  switch  of  the  proper  rating 
and  rupturing  capacity  should  be  connected  on  the  high- 
tension  side  of  the  furnace  transformers.     This  switch 


FIG.  3 — TYPICAL  LOAD  CURVE  ON  A  FIVE-TON  GRONWALL-DIXON 

FURNACE,    MELTING    AUTOMOBILE    SCRAP    AND 

REFINING  FERRO-ALLOYS 

In  the  plant  of  the  John  .A..  Crowlej-  Company,  Detroit,  Mich. 

can  be  manually  operated  or  remote  controlled  (prefer- 
ably the  latter)  and  this  control  should  be  accessible  to 
the  furnace  for  use  in  case  of  emergency.  If  a  separate 
transformer  room  is  built,  this  switch  should  be  located 
at  that  point  and  the  control  should  be  at  the  furnace. 
.\  further  objection  to  a  low-tension  switch  is  the  large 
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amount  of  current  that  must  be  broken  in  case  of  emer- 
gency. The  presence  of  the  switch  in  the  low  tension 
circuit  is  apt  to  give  trouble  on  account  of  mechanical 
construction.  The  length  of  secondary  leads  needed  will 
be  increased,  thus  increasing  the  impedance  of  this  sec- 
ondary circuit ;  also  the  joints  of  the  switch  are  apt  to 
get  hot  and  increase  the  losses. 


FIG.    4 — TYPICAI,   TRANSFORMER   INST.M,I,ATION 

Three  200  k.v.a.,   11  000  to   100  volt,  single-phase  transformers 

feeding    a    two-ton    Heronlt    furnace    at    the    plant    of    the 

Damascus  Crucible  Steel  Company,  New  Brighton,  Pa. 

The  amount  of  reactance  that  should  be  present  in 
the  secondary  circuit  supplying  an  electric  melting  fur- 
nace is  a  matter  somewhat  in  dispute,  and  the  informa- 
tion available  is  not  of  sufficient  detail  and  exactness  to 
be  of  much  value  as  a  means  of  standardizing  practice, 
but  it  should  usually  vary  from  10  to  30  percent.  The 
desirable  amount  of  reactance  is  dependent  on  the  size 
of  the  furnace,  the  character  of  the  charge,  and  the 
method  and  character  of  the  power  supply,  particularly 
as  regards  the  transmission  circuit  and  other  related 
factors,  all  of  which  are  variable.  The  particular  value 
and  use  of  reactance  is  to  cut  down  the  rush  of  current 
at  starting  and  during  sudden  peaks,  which  are  due  ti> 
conditions  within  the  furnace.  While  reactance  is  nf 
use  in  adjusting  the  maximum  currents  drawn  from  the 
line,  it  has  a  bad  effect  on  the  power-factor  and  voltaj^r 
regulation.  This  power- factor  regulation  affects  iini 
only  the  ma.ximum  power  that  can  be  introduced  into  tlu 
furnace,  but  it  also  affects  other  loads  that  may  be  tak- 
ing service  from  the  line  supplying  the  furnace.  The 
capacity  of  the  line  is  decreased  and  all  transformers 
are  reduced  in  output,  on  account  of  the  increased  flow 
of  wattless  current.  The  greatest  difficulty  that  may  be 
caused  by  too  low  a  power-factor  is  the  inability  of  the 
furnace  to  make  the  desired  output  on  account  of  the 
impossibility  of  introducing  sufficient  heat  into  the  bath 
and  the  consequent  increased  time  required  for  heating. 
The  operating  power-factor  at  the  furnace  terminals  is 


usually  high,  from  97  to  98  percent  on  the  Heroult  fur- 
nace, for  example.  Low  power-factor  is  caused,  as  ex- 
plained, by  the  inherent  or  induced  reactance  in  the  leads 
from  the  transformer  to  the  furnace,  as  well  as  the  in- 
ternal reactance  in  the  transformers.  In  a  small  system, 
a  low  power- factor  could  probably  be  corrected  more 
economically  and  would  give  less  trouble  than  the  very 
violent  fluctuations  which  would  result  if  the  reactances 
were  largely  omitted  to  give  a  high  power-factor.  In 
very  large  systems  the  wide  fluctuations  and  attending 
high  power- factor  are  probably  a  better  combination  than 
the  steadier  load  at  low  power-factor.  The  particular 
features  affecting  power-factor  regulation  are  princi- 
pally related  to  the  design  of  the  furnace  and  the  dispo- 
sition of  the  secondary  cables  with  reference  to  each 
other,  and  to  iron  parts  which  :nay  surround  or  lie  close 
to  them.  While  most  central  stations  are  satisfied  with 
an  average  power-factor  of  from  80  to  85  percent,  some 
rates  are  quoted  which  are  especially  designed  to  pro- 
mote the  sale  of  central  station  power  to  plants  using, 
or  who  may  use  electric  furnaces,  in  which  it  is  specified 
that  the  average  power-factor  shall  not  decrease  below 
a  certain  value.  It  is,  therefore,  worth  while  to  pay 
particular  attention  to  the  conditions  external  to  the  fur- 
nace, so  that  highest  resultant  power- factor  which  will 
not  make  the  arcs  too  unstable  may  be  obtained,  as  such 
conditions  tend  to  make  the  cost  of  melting  a  minimum. 
It  is  frequently  stated  that  the  load  factor  of  an  elec- 
tric furnace  load  is  high,  because  it  usually  operates  24 
hours  per  day.  This  statement  must  be  qualified  to  the 
extent  of  being  understood  as  meaning  operating  load 
factor.  The  approxiiuate  operating  load-factor  of  the 
furnace  for  melting  uses  is  from  60  to  70  percent,  l)Ut 
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.\t  the  plant  of  the  Carbon  Steel  Company,  Pittsburgh. 
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4  hour  load- factor  is  less  for  several  very  good 
reasons.  When  making  steel  from  cold  scrap,  the  de- 
mand during  approximately  the  last  fifth  of  the  refining 
period  is  about  20  percent  less  than  during  the  other 
four-fifths  of  the  period.     The  same  general  statement 
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will  apply  to  operations  using  hot  metal,  except  that  the 
total  operating  period  for  each  heat  is  then  from  one- 
quarter  to  one-third  as  long  as  when  using  cold  scrap. 
It  may  also  be  pointed  out  that  the  present  best  practice 
when  cold  scrap  is  used  requires  that  about  three  times 
the  amount  of  power  be  put  into  the  furnace  at  the  start 
of  each  run  to  melt  down  the  charge  as  is  required  later 
in  the  heating  and  refining  period  when  the  steel  has 
attained  its  maximum  temperature.  Another  condition 
acting  to  reduce  the  24  hour  load-factor  is  the  fact  that 
the  furnace  is  frequently  entirely  disconnected  or  is 
operating  at  a  very  low  demand  for  from  one  to  three  or 
four  hours  between  heats.  Measurements  taken  at  one 
installation  indicate  that  the  weekly  load  factor  of  the 
furnace  installation,  based  on  the  maximum  integrated 
hour's  load,  was  less  than  40  percent.  Based  on  a  five- 
minute  peak  the  weekly  load  factor  was  about  35  percent 
or  a  little  less. 

The  electrodes  used  in  the  steel  melting  furnace  are 
of  amorphous  or  graphitic  carbon.  These  electrodes  are 
heavy  and  must  be  raisea  and  lowered  by  suitable  auto- 
matic mechanical  regulating  attachments,  so  as  to  obtain 
the  length  of  arc  required  to  give  the  proper  current 
values.  Damping  devices  used  in  connection  with  the 
electrode  regulator  permit  it  to  act  only  when  necessary. 
Sudden  changes  and  changes  of  short  duration  will  not 


FIG.  6 — TYPIC.'^L  I.O.\D  CURVE  ON  THE  EUR.VACE  SHOWN  IN  FIG.  5 

cause  the  regulator  to  act.  This  feature  acts  to  reduce 
the  wear  and  tear  on  the  electrode  hoisting  mechanism 
and  acts  to  keep  the  current  flow  more  uniform.  The 
regulator  can  handle  any  amount  of  power  for  regulat- 
ing purposes,  and  makes  possible  the  obtaining  of  cur- 
rent variations  of  any  desired  magnitude.  The  regulat- 
ing equipment,  in  common  with  the  transformers  and 
other  control  equipment,  should  be  located  so  that  it  is 
protected  from  dirt,  heat  and  splashing  metal,  and  at  the 
same  time  is  accessible.  These  attachments  are  prefer- 
ably operated  by  remote-controlled  motors  which,  to 
operate  to  the  best  advantage  and  in  the  proper  manner, 
require  the  use  of  automatic  regulators.  The  prime 
requisite  is  that  this  equipment  shall  be  so  dependable 
that  the  furnace  operator  need  not  be  concerned  with 
the  operation  of  this  automatic  equipment  and  may  give 
all  of  his  time  to  the  steel  making  operation.  The  par- 
ticular advantages  of  automatic  regulation  are  the  sav- 
ing in  labor  charges  possible,  the  reduction  in  the  time 
required  for  the  particular  heat,  resulting  in  maximum 
production  within  a  given  time,  and  also  the  more  effi- 
cient utilization  of  current.  The  use  of  automatic  regu- 
lators acts  to  keep  the  different  current  phases  employed 
on  the  furnace  in  the  proper  balance,  so  that  the  dis- 
turbance to  the  power- factor  shall  be  a  minimum,  and 
so  that  the  load  conditions  on  the  furnace  shall  be  as 


stable  and  uniform  as  is  consistent  with  good  metallur- 
gical results.  This  tendency  to  stable  and  uniform  load 
conditions  acts  to  reduce  current  fluctuations  to  a  mini- 
mum, improves  the  line  regulation  and  gives  a  product 
that  is  of  a  higher  and  more  uniform  quality. 

Some  furnaces  are  operated  without  these  automatic 
electrode-operating  features,  but  such  operation  by  hand 
is  an  arduous  task,  especially  on  the  larger  furnaces, 
and  requires  the  attention  of  operators  who  could  be 
employed  elsewhere  to  much  better  advantage.  The  ina- 
bility of  the  hand  operator  to  avoid  short-circuits  and 
surges  on  the  line  may  be  minimized  by  the  use  of  react- 
ance in  the  transformers,  or  by  coils  at  the  furnace  and 
regulators  on  the  incoming  feeder  circuit,  or  at  the  power 
house  in  the  case  of  a  relatively  small  power  system ; 
but  such  provisions  are  expensive,  aff'ect  ix)vver-factor 
regulation  and  are  not  as  satisfactory  as  the  automatic 
regulators. 

Everything  considered,  the  electric  furnace  is  a  de- 
sirable load  from  the  central  station  point  of  view,  as 
under  average  conditions  the  operation  is  at  relatively 
high  load  factor  and  power-factor  and  is  taking  current 
throughout  a  24  hour  day,  thus  acting  to  raise  the  over- 
all station  load  factor.  In  consideration  of  these  feat- 
ures, and  in  order  to  promote  the  use  of  electric  furnaces 
by  making  the  cost  for  power  such  as  to  give  electric 
steel  melting  costs  that  are  comparable  with  costs  for 
steel  melting  when  carried  on  by  some  other  method, 
some  central  stations  are  offering  low  rates  especially 
applicable  to  such  loads,  or  to  loads  operating  under 
similar  conditions,  with  a  view  of  promoting  the  sale  of 
energy  in  bulk  for  loads  of  this  character.  These  rates 
usually  provide  for  "off  peak"  operation  on  24  hour 
notice,  and  this  proviso  enables  the  system  operator,  or 
one  acting  in  such  capacity,  to  adjust  load  conditions  to 
the  power  station  capacity.  The  necessity  for  asking 
electric  furnace  operators  to  discontinue  operation  dur- 
ing the  peak  periods  should  work  no  hardship  on  the 
furnace  operator,  as  sufficient  advance  notice  will  be 
given  to  make  possible  adjustment  of  production  to  the 
known  conditions.  As  this  peak  period  is  seldom  of 
more  than  two  hours  duration,  the  furnace  will,  of 
course,  retain  a  large  portion  of  the  heat,  if  disconnected 
from  the  line,  or  the  heat  content  can  be  maintained  con- 
stant or  nearly  so  by  reducing  the  current  input  to  a 
mutually  satisfactory  value  and  thus  adding  only  heat 
to  replace  that  radiated,  no  refining  being  carried  on. 

Decision  on  the  proper  rate  for  this  class  of  business 
will  be  determined  largely  by  local  conditions,  and  so, 
as  in  quoting  rates  for  other  classes  of  service,  no  fixed 
rule  can  be  made.  The  cost  of  electric  power,  whether 
generated  from  coal  or  water,  location  of  the  plant  with 
relation  to  source  of  power  supply  and  fuel  market,  size 
of  the  system,  desirability  of  such  business  from  the 
standpoint  of  the  particular  central  station,  and  other 
related  factors,  will  all  combine  to  determine  what  the 
rate  shall  be.  Usually  the  power  for  the  operation  of 
furnaces  will  be  supplied  at  high  voltage,  and  will  be 
metered  by  the  central  station  on  the  high-tension  side. 
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The  transformers  are  essentially  an  integral  part  of  the 
furnace  installation  and  are  usually  furnished  with  the 
furnace.  If  furnished  by  the  central  station,  advice  as 
to  desired  characteristics  of  voltage,  internal  reactance, 
etc.,  should  be  obtained  from  the  furnace  manufacturer 
before  ordering.  When  the  central  station  meter  is 
placed  on  the  high-tension  side  and  the  bills  are  figured 
from  readings  taken  at  this  point,  special  consideration 
is  given,  usually  in  the  form  of  a  discount  from  the  gross 
bill.  The  operator  will  have  indicating  watthour  meters 
installed  on  the  secondary  side,  as  mentioned  above,  to 
measure  the  power  input  to  the  furnace  and  which  are 
of  use  in  indicating  just  what  the  electrical  input  may  be 
at  any  time  during  the  heat. 

The  consumption  per  ton  of  metal  melted  and  refined 
will  vary  according  to  the  practice  of  the  user  and  to  the 
nature  of  the  product;  that  is,  as  to  whether  the  steel 
produced  is  in  the  fonn  of  castings,  tool  steel,  alloy  steel, 
etc.  Some  furnaces  give  as  low  a  consumption  as  450 
kilowatt-hours  per  net  ton  of  plain  carbon  steel  melted 
and  refined,  with  an  average  of  about  600  to  800  kilo- 
watt-hours per  net  ton  of  alloy  steel  when  taken  over 
monthly  periods.  Small  furnaces  will  have  as  high  a 
consumption  per  net  ton  as  800  to  900  kilowatt-hours  for 
special  steels.  .These  figures  will  vary,  as  stated,  accord- 
ing to  the  charge  and  the  degree  of  refining,  and  also 
with  the  size  of  the  furnace  and  the  characteristics  as  to 
power-factor  and  voltage  regulation  of  the  power  sup- 
ply. Generally  the  consumption  will  be  larger  for  the 
small  furnaces  than  for  the  large  ones,  when  the  same 
character  of  charge  is  used,  and  much  lower  when  plain 
carbon  steels  are  produced. 

The  transformer  capacity  installed  will  also  be  deter- 
mined by  the  size  of  the  furnace  and  the  character  of  the 
charge  but  in  general  the  best  practice  is  to  install  not 
less  than  400  kilowatts  of  transformer  capacity  per  ton 
of  furnace  capacity  for  furnaces  up  to  and  including 
three  tons  in  capacity ;  furnaces  of  from  five  to  ten  tons 
will  have  300  kilowatts  transformer  capacity  per  ton  of 
furnace  capacity ;  above  ten  tons,  the  transformer  capac- 
ity will  be  from  200  to  300  kilowatts  per  ton  of  furnace 
capacity.  Sufficient  transformer  capacity  is  desirable  in 
order  that  the  heat  put  into  the  furnace  in  melting  down 
may  be  sufficient  to  make  the  time  of  melting  a  mini- 
mum, thus  decreasing  the  cost  of  operation  and  increas- 
ing the  output  of  the  furnace.  The  transformers  usu- 
ally supplied  with  the  electric  furnace  are  provided  with 
three  to  five  percent  reduced  voltage  taps  on  the  primary 
side,  so  as  to  compensate  for  line  drop,  in  case  it  is 
desirable  to  do  so,  thus  insuring  the  proper  voltage  con- 
ditions at  the  furnace  terminals. 

The  electric  melting  furnace  is  the  one  which  presents 
engineering  and  operating  conditions  out  of  the  ordi- 
nary. Other  furnaces,  such  as  those  for  annealing,  heat 
treating  and  copper  and  bronze  melting,  with  the  resist- 
ance type  furnace,  also  present  very  desirable  loads  for 
the  central  station,  as  generally  speaking  they  operate 
at  a  good  load  factor  and  offer  practically  a  non-induc- 
tive load.     Resistance  type   furnaces  operate  at  either 


no  or  220  volts  {xjlyphase,  and  the  load  once  started  is 
fairly  constant.  Heat  is  produced  by  the  passage  of 
current  through  a  graphitic  carbon  ribbon  surrounding 
the  inside  of  the  furnace  in  the  form  of  a  belt.  The 
heat  is  radiated  to  the  roof  and  walls,  and  from  there 
to  the  hearth,  giving  a  constant  temperature  over  the 
whole  hearth  with  an  attending  even  heat  distribution. 
Automatic  temperature  control  can  be  made  very  accu- 
rate by  means  of  a  pyrometer. 

It  would  seem  that  the  resistance  type  furnace  is  a 
better  means  of  melting  brass  and  bronze  alloys  than 
the  arc  type  furnace,  as  there  is  no  direct  application  of 
heat,  as  in  the  case  of  the  arc  type  furnace,  with  a 
resulting  minimum  loss  of  metal  due  to  volatilization. 
This  matter  is  somewhat  in  dispute  and  there  is  a  possi- 
bility that  the  arc  type  furnace  may  eventually  be 
adapted  to  perform  such  work  as  satisfactorily  and  eco- 
nomically as  the  induction  or  resistance  types.  None  of 
these  furnaces  present  any  particular  difficulties  from 
the  central  station  standpoint  that  cannot  be  overcome 
readily  by  the  use  of  good  engineering  judgment  and 
proper  application. 

Another  type  of  electric  furnace  that  is  a  very  desir- 
able load,  but  which  requires  a  low  cost  of  power  for 
economical  operation,  is  that  for  manufacturing  ferro- 
silicon.  This  type  of  furnace  is  continuous  in  operation, 
the  raw  material  being  fed  in  at  the  top  as  the  finished 
product  is  being  tapped.  It  operates  at  a  high  load  factor 
of  90  to  98  percent  and  has  a  power-factor  of  from  50  to 
80  percent,  depending  on  attendance  and  charging,  and 
its  operation  can  be  adjusted  to  meet  peak  requirements 
by  reducing  the  current  to  about  one-quarter  load,  an 
amount  sufficient  to  keep  the  charge  in  a  molten  state. 

In  conclusion  it  may  be  said  of  the  electric  furnace 
that  it  is  more  economical  in  cost  of  operation  for  mak- 
ing the  higher  grades  of  steel,  than  any  other  type  of 
furnace,  and  that  a  cleaner,  more  uniform  and  more 
homogeneous  product  results.  In  the  case  of  the  melt- 
ing furnace  there  is  an  actual  saving  of  material  and  an 
improvement  in  the  quality  of  the  steel.  This  is  due 
primarily  to  decreased  oxidation  as  a  result  of  more 
thorough  and  uniform  treatment  and  to  more  accurate 
desulphurization  and  dephosphorization.  The  quality  of 
the  steel  is  not  only  improved,  but  in  many  cases  the 
capacity  of  the  converter  plant  can  be  increased,  as  the 
time  required  for  the  resting  of  the  metal  to  permit  the 
ferro-manganese  to  dissolve  is  saved. 

The  electric  furnace  is  a  good  revenue  producer  for 
the  central  station,  not  only  on  account  of  the  generally 
favorable  operating  characteristics,  but  also  on  account 
of  the  great  expense  that  the  user  would  be  put  to  in 
installing  a  plant  of  adequate  capacity  to  meet  all  con- 
ditions. The  use  of  electric  furnaces  by  small  manufac- 
turers for  the  manufacture  of  ingot  steel  enables  them  to 
compete  at  a  minimum  first  cost  and  expense  of  opera- 
tion, when  using  central  station  service,  and  puts  such 
plants  on  practically  an  equal  manufacturing  basis  with 
larger  plants  having  greater  resources  in  men  and 
money. 
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Where  any  considerable  number  of  electric  furnaces 
are  being  operated  on  one  central  station  system,  the 
power  company  and  the  consumers  can  co-operate  to  the 
extent  of  adjusting  the  starting  periods  in  such  a  manner 
that  the  starting  of  the  several  furnace  units  will  occur 
at  different  times,  so  far  as  such  arrangement  is  possible, 
thus  producing  steadier  conditions  and  enabling  the  cen- 
tral station  to  handle  the  resulting  load  with  minimum 
disturbance,  and,  therefore,  at  the  least  cost  to  the  con- 
sumer. 

The  electric  furnace,  in  the  several  different  types,  is 
now  standardized,  and  the  central  stations  generally  are 
recognizing  this  fact  by  their  willingness  to  arrange  rates 


which  make  it  economically  profitable  to  the  manufac- 
turer to  substitute  such  equipment  for  other  equipment 
that  may  be  in  use.  This  reduction  in  rates  to  a  mutually 
profitable  basis,  together  with  the  continued  improve- 
ments and  refinements  in  the  design  and  operation  of 
the  electric  furnace,  will  continue  to  promote  the  use  of 
such  equipment  with  power  from  central  station  lines. 
In  proportion  as  the  central  station,  the  furnace  manu- 
facturer and  the  furnace  user  co-operate  in  adjust- 
ing conditions  to  a  mutually  satisfactory  basis,  in  just 
such  a  proportion  will  this  comparatively  new  field  of 
central  station  activity  continue  to  be  developed  and 
enlarged. 
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IT  IS  possible  to  regulate  an  arc  furnace  by  hand,  but 
this  method  involves  almost  constant  attention  from 
the  operator.  Automatic  regulation  is  the  more  de- 
sirable method,  as  thus  the  operator  is  free  to  give  his 
attention  to  the  metallurgical  processes  going  on.  There 
are  numerous  additional  advantages,  including  a  large 
saving  in  labor  cost,  amounting  in  some  cases  from  25 
to  30  percent  for  a  three-phase  furnace :  there  is  a  short- 
ening of  the  time 
of  the  process,  due 
to  a  more  efficient 
use  of  the  current ; 
and  uniformity  and 
dependability  of 
operating  c  o  n  d  i- 
tions  thus  secured, 
result  in  the  pro- 
duction of  a  higher 
grade  product  than 
is  obtained  by  hand 
control. 

While  it  is  true 
that  improvements 
in  the  type  of  fur- 
naces, the  use  of 
larger  furnaces,  the 
improved  methods 
of  operation,  i  n  - 
eluding  automatic 
charging  and  stok- 
ing devices,  and  the 
use  of  larger  electrodes,  have  been  of  material  benefit  in 
advancing  the  art,  some  of  the  greatest  benefits  have 
been  derived  from  the  development  of  the  regulating 
apparatus. 

After  the  operator  determines  the  current  desired,  it 
is  the  function  of  the  regulator  to  maintain  this  current 
at  the  furnace.  It  is  essential,  however,  owing  to  wide 
range  of  furnace  conditions,  that  the  regulator  be  capa- 


FIG.    I — Sl.\-Tl)N    HEROUI.T  ELECTRIC   FURNACE   POVRI.NC.   OR   TEEMING   .\  CH.\RGE 


ble  of  adjustment  through  a  wide  range.  Under  certain 
conditions  of  operation  there  are  large  fluctuations  in 
the  current  in  arc  furnaces  which  cannot  be  avoided, 
and  it  is  not  desirable  to  have  a  regulator  of  such  sensi- 
tiveness as  to  follow  all  .short-time  variations.  Inter- 
ruptions to  the  service  are  costly,  and  it  is  particularly 
important  that  the  regulating  device  be  positive  in  its 
action,  and  that  it   require  little  attention  after  it  has 

been  adjusted  and 
started. 

One  of  the  old- 
est and  most  suc- 
cessful furnace 
controls  is  the 
Thury  system, 
which  is  the  inven- 
tion of  R.  Thury, 
of  Geneva,  Switzer- 
land, a  well-known 
exponent  of  direct- 
current,  long  -  dis- 
tance transmission. 
This  system  is  used 
on  a  large  percen- 
tage of  the  fur- 
naces now  installed, 
both  in  this  coun- 
try and  abroad.  .\t 
the  present  time 
there  are  approxi- 
mately 250  of  these 
regulators  installed  in  the  United  States  and  Canada, 
and  it  has  been  demonstrated  by  several  }-ears  of  service 
that  they  meet  requirements  in  a  practical  way. 

Three  regulators  are  used  for  a  three-phase  furnace, 
one  for  each  electrode.  These  maintain  the  desired  po- 
sition of  the  electrodes  through  the  operation  of  motor- 
driven  electrode-hoisting  mechanisms.  The  apparatus, 
as  shown  in  Fig.  2,  includes  the  following : — 
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Three  regulating  equipments,  including  wall  brackets ; 

One  countershaft  complete  with  bearings  and  pulley ; 

One  motor  to  drive  above  countershaft; 

Three  regulating  controllers,  hand  operated ; 

Three  rheostats  for  solenoid  circuit ; 

Three  resistances ; 

Two  series  transformers. 


FIG.  2 — THURY  REGUL.^TING  EQUIPMENT  FOR  THE  CONTROL   OF   A 
THREE-PH.\SE  ARC  FURN.\CE 

Showing  arrangement  and  location  of  furnace,  switchboard 
and  control  panel. 

The  general  scheme  of  operation  may  be  seen  by 
referring  to  Fig.  4.  The  regulators  are  mounted  in  a 
row  and  connected  to  the  motor-driven"  countershaft. 
Each  regulator  is  in  the  form  of  a  double-throw  switch, 
for  starting  the  rotation  in  either  direction  of  the  motor 
operating  the  hoisting  mechanism.  The  operation  of  this 
switch  is  controlled  by  a  solenoid,  which  is  energized  by 


FIG.    3 — MECHANICAL   DETAILS   OF   THl'RY   REGULATOR 

F — Fi.xed  coil ;  B — Movable  coil ;  B — Rocking  lever  ;  A — Spiral 

spring;    A^ — Dashpot    or    damping    device;     C — .Abutment 

knives;  ;A' — Tappets;    / — Pawls;    H — Tappet    wheel; 

Z — Moving  contacts  ;  (' — Short-circuit  device. 

current  from  a  series  transformer  in  the  main  circuit  un 
the  high-tension  side.  With  current  flowing  at  the  de- 
sired normal  value,  the  regulator  mechanism  controlling 
the  switch  is  held  in  equilibrium  by  a  spring  opposed  by 


the  action  of  a  fixed  and  a  movable  coil.  When  a  varia- 
tion in  current  of  sufficient  duration  and  magnitude 
occurs,  the  movable  coil  moves  either  towards  or  away 
from  the  fixed  coil,  depending  on  whether  the  furnace 
current  has  decreased  or  increased.  This  motion  is 
transmitted,  through  a  suitable  mechanism  involving  a 
time  element,  to  throw  the  regulator  switch  to  the  posi- 
tion required  to  rotate  the  electrode  motor  in  the  direc- 
tion which  will  tend  to  bring  the  current  back  to  normal 
value.  The  regulator  has  an  intermittent  action  which 
prevents  overrunning  in  the  adjustment  of  the  electrode 
position. 

The  rheostat  RA,  Fig.  4,  is  used  to  give  a  range  of 
current  through  the  electrode  from  40  to  no  percent  of 
normal.  The  hand  controller  permits  the  raising  and 
lowering  of  the  electrode  independent  of  the  regulator. 
The  lirst  notch  of  the  controller  disconnects  the  regu- 
lator, and  the  second  notch  disconnects  the  armature 
resistance  RP  and  connects  the  electrode  motor  direct 
to  the  line,  giving  a  rapid  rate  of  raising  and  lowering  of 


FIG.    4 — UIACRA.M    OF    COX.NECTIONS    OF    THVRV    REGULATING    SYSTEM 

R — Regulator  ;   S — Solenoid  ;    CR — .Automatic   device   contacts  ; 
RP — Motor  rheostat;  RA — Regulator  rheostat;  IM — Motor 
switch  ;    CM — Motor    fuses  ;    :1/A' — Motor    driving    auto- 
matic regulator  ;  T — Current  transformer  ;  TR — Mech- 
ani.sm  operating  furnace;  MT — Motor  operating 
furnace;  PT — Power  transformer. 

the  electrode.  This  feature  is  particularly  desirable 
during  the  melting  period  of  cold  scrap,  when  arranging 
to  i)nur  metal  and  at  other  times. 

The  Thury  regulator  has  many  distinctive  features, 
among  whicii  are  the  following : — The  damping  devices 
employed  permit  the  regulator  to  act  only  when  neces- 
sary. Sudden  changes  and  those  of  short  duration  will 
not  cause  the  regulator  to  act.  This  is  very  important, 
as  not  only  is  there  a  great  saving  in  wear  on  the 
electrode-hoisting  mechanism,  etc.,  but  the  current  is 
kept  more  uniform  by  avoiding  the  regulation  of  such 
changes.  The  regulator  can  handle  any  amount  of  power 
for  regulating  purposes  without  in  any  way  impeding 
the  free  play  of  the  controlling  mechanism,  which  is  only 
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in  contact  with  the  power  mechanism  for  exceedingly 
short  periods  of  time  and  is  otherwise  perfectly  free. 
The  independent  hand  control  feature  is  very  important. 
In  addition  to  automatic  regulation,  it  is  essential  to 
have  a  hand  controller  for  each  electrode,  by  means  of 
which  the  electrode  can  be  raised  or  lowered  rapidly,  as 
this  may  be  frequently  necessary. 


The  Thury  regulator  has  a  wide  field  of  application, 
being  adaptable  to  all  types  of  electric  furnaces  having 
movable  electrodes.  It  is  used  not  only  with  furnaces 
for  the  melting  and  refining  of  steel  but,  due  to  its  ability 
to  give  very  close  regulation,  it  is  particularly  suitable 
for  furnaces  making  certain  ferro  alloys  and  in  the 
manufacture  of  carbide  and  chemical  products. 


Etect 


ric 
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h\  iiic  iVduiuf'aoturc  of  Sieel  Casiings 

T.    S.   QUINN 

Lebanon  Steel  Foundry 


IN  MARCH,  191 5,  a  furnace  of  the  Heroult  type,  of 
one-ton  capacity,  was  installed  by  the  Lebanon  Steel 
Foundry.  It  was  provided  with  Thury  regulators, 
steel  non-water-cooled  holders,  and  Gray  tilting  device. 
The  furnace  is  of  the  three-phase  type.  The  bottom 
and  side  walls  are  magnesite  up  to  the  slag  line,  and 
above  this  the  side  walls  and  the  roof  are  silica  brick. 
In  July,  1916,  a  second  unit  was  installed  of  the  same 
type,  but  of  two 
tons  capacity,  and 
p  r  o  p  o  rtionately 
higher  powercl 
The  one-ton  fur- 
nace has  a  trans- 
former c  a  pacity 
of  only  225  k.v.a. ; 
the  two-ton  size 
has  600  k.v.a.  ca- 
pacity. The  prod- 
uct of  both  fur- 
naces is  small 
steel  casting-. 
averaging  5to  10 
pounds  in  weight. 
The  castings  arc 
made  for  automo- 
bile, motor  truck 
and  general  ma- 
chinery purposes. 

DATA  ON   ONE-TON 
FURNACE 

Up  to  August 
I,  1916,  the  one- 
ton  furnace  made 
more  than  2000 
heats  on  the  original  basic  bottom.  In  that  time  i.t  was 
not  out  of  service  except  for  relining.  The  magnesite 
bottom,  which  was  set  in  layers  of  one  inch  to  one  and  a 
half  inches,  is  still  in  the  furnace.  In  setting  a  bottom  in 
this  manner  a  monolithic  mass  is  obtained  that  cannot  be 
equaled  by  a  bottom  rammed  in  with  magnesite,  tar  and 
pitch.  The  life  of  a  lining  varies  from  100  to  125  heats, 
and  the  life  of  a  roof  from  125  to  150  heats. 


Amorphous-carbon  electrodes  are  used,  the  con- 
sumption averaging  about  25  pounds  per  net  ton  of  steel 
in  the  ladle.  This  low  electrode  consumption  for  a  small 
furnace  of  the  three-phase  type  probably  is  due  to  the 
fact  that,  shortly  after  the  furnace  went  into  operation, 
the  solid  copper-type  electrode  holders  were  abandoned 
and  low-carbon  steel  holders  substituted.  Each  holder 
has  two  hinges,  and  the  bus-bars  are  continued  on  out 

past  each  hinge, 
to  prevent  any 
heating  at  this 
])oint.  The  ad- 
vantages of  this 
holder  include  the 
absence  of  any 
water  cooling  and 
freedom  from 
breakage  due  to 
torsional  stresses. 
The  operation 
of  the  furnace  for 
the  past  year  has 
been  on  a  24  hour 
schedule  and 
while  lack  of 
transformer  c  a  - 
])acity  was  a  seri- 
ous handicap  to 
niaxinuun  p  r  o  - 
iluction,  the  fur- 
nace made  an 
average  of  six  to 
seven  heats  in  24 
hours. 

The  power 
consumption  has 
averaged  950  kilowatt-hours  per  net  ton  of  steel  in  the 
ladle,  which  is  about  what  might  be  expected  of  a  one- 
ton  furnace  with  insufficient  power  back  of  it.  Even  in 
the  short  length  of  time  in  which  the  two-ton  furnace  has 
been  in  operation,  it  has  been  demonstrated  satisfactorily 
that  steel  can  be  put  into  the  ladle  at  the  same  tempera- 
ture for  the  same  purpose,  with  a  consumption  not  ex- 
ceeding 750  kilowatt-hours  per  net  ton,  and  undoubtedly 


1  IG.     I — TWO-TON     UEROUl.T    ELtCIRIC    FURNACE 

Installed  in  the  plant  of  the  Lebanon  Steel  Foundry,  Lebanon,  Pa 
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the  power  consumption  on  three-ton   and   six-ton    fur-      the  slag  is  carefull)-   watched  and  protected   from  any 
naces  is  considerably   less   than   this.     Every   effort   is      possible  oxidation  from  the  doors,  etc. 
made  to  minimize  the  length  of  time  between  heats,  and 

,      ,  "      ,         ,  .  ,  '      ,  DEOXIDIZING    PCSSIIilLlTIES 

It  not  infrequently  happens  that  bottom  is  made,  and  the  t      1        i  , 

1  •    ■     ii     /  J  i-i.  i        1     ^1     ^-  ' 'J    be    able   to    introduce    into   a    furnace   a   ffiven 

charge  is  in  the  furnace,  and  the  current  on  bv  the  time  .  .  .  "nia.v.   a   ^.m-n 

,1  -It-  1  ^^        :         '      ■  w  amount  ot  manganese,  silicon,  chrome,  vanadium,  etc 

the  previous  heat  is  poured,  a  matter  ot  some  eight  or  ,,,,■■,  .  "lia^iiuiii,  ^.iv.., 

■     .  "  :uul  hold  it  in  the  metal  for  an  indefinite  period,  theoret- 

Ti  t-  4.1  ■     r  11  ,         i  I    ,1  icallv  getting  in  the  steel  just  what  was  introduced,  is 

The  practice  on  this  turnace  has  been  to  patch  the  '.-.*'  •*  liwuu..^u,  i^ 

,      ,         VI     i„i       V  4-1      u     ^  ■         .     r  .1  liroot  ot  the  almost  perfect  deoxidizing  possibilities  of 

banks  with  dolomite  as  soon  as  the  heat  is  out  ot  the  ,       ,        .    ,  '  "  ' 

.-  J  iu       u  •     4.1        •   .      1        1  •  .-  ihs  electric  furnace  and  ot  the  condition  of  the  steel  as  it 

turnace,  and  the  charge  is  then  introduced,  consisting 

,  ,0     u    „f     u  ^  •    1                  u               u-        4^    1  comes  from  the  furnace,  the  advantages  of  which  must 
generally  of  what  is  known  as  heavy  melting  steel  scrap.  '  ° 
-ru-                       I                 1-11                  1-1  "^  apparent  to  operators  of  converter  and  open  hearth, 
J  his  scrap  may  have  practically  any  analysis,  as  long  as             ' '        ,   .         ^    ^  ' 
•,   •       f     u           ui       •             J   .1            u            .  .       1  •  u  who  are  obliged  to  finish  their  metal  in  the  ladle,  result- 
it  is  of  chargeable  size,  and  the  carbon  not  too  high.  .       .          .   /"  . 

Coke  is  next  placed  under  the  electrodes  on  top  of  the         '^  P  ■ 

„„ Tu      4-1       1     ^     J  1  1        1  4i  .  \^  ere  the  whole  heat  to  be  put  into  a  big  ladle  and 

scrap.     Ihen  the  electrodes  are  lowered  and  the  current  .  ^  " 

,         t     ,.u     r  11  •..       r  iu     ^         r  ■        bottom-poured  direct  into  the  molds,  there  would  be  no 

turned  on  to  the  full  capacity  of  the  transformers  in  .  '^  ' 

.  •  i,.u       1    ■        •   4^      ^u     r  ■       z^         necessity  for  the  use  of  any  aluminum,  but  as  the  prac- 

summer  time,  although  m  winter  the  furnace  is  often       .  ■'     .  ■'  ' 

.    .     -,1      ^,  .  1     J        4^1     4.         !  fee  necessitates  the  pouring  of  the  metal  from  the  fur- 

operated  with  a  25  percent  overload  on  the  transformers.  .  ... 

T      .      , •     .  A  it      c        14^  4.  1  •    ir  J      nace  into  a  big  ladle,  and  again  pouring  it  into  shanks, 

In  about  20  minutes  a  puddle  of  molten  metal  is  formed  ,       ,  . 

,  u    i    ^     A  A  ^u  c  ^  u  snd  from  the  shanks  into  the  molds,  it  must  be  plain 

under  each  electrode,  and  the  surges  of  current  become       .....  ^ 

•  ,     .        4.U      1     *     .4  4.    iu         *  1      T  ■        •  tliat  th'S  practice  is  very  severe  on  the  metal.    No  matter 

violent  as  the  electrodes  arc  to  the  metal.    Lime  is  now  ,  ,  ,      ,  • 

,  1    ■      ■.,  A        A        A  ^\,    t  •4.4^1         how  thoroughly  the  steel  is  deoxidized  in  the  furnace, 

added  with  spar  and  sand,  and  the  furnace  again  settles       ,  ,  r    , 

,  J  1        ^     j-1  I    •       u     4.         1  J     the  tendency  of  the  metal  when  it  is  handled  so  many 

down  and  works  steadily,  and  in  about  an  hour  and       .  ,  -' 

.,  4       4^1       u  •         14.  J  1  4.  I        4.     u-  u      times,  and  at  a  temperature  sufficiently  high  to  pour 

three-quarters  the  charge  is  melted  completely,  at  which  .  1     •  ,       ,  j       b  1 

.,       ,        ,  ,  ■   4^    ^u      I      "    t         V  •       ^'cry  light  work,  is  to  absorb  some  oxvgen,  and  a  small 

stage  the  phosphorous  has  gone  into  the  slag,  where  it  is        ,'..         ^     ,       .  .  ,     .  .-  &     ' 

^  •      ,  1        1    ^       r  r  r-  ii     4.1--  ^-  addition  of  aluminum  is  made  in  each  shank  as  a  pre- 

retamed  as  phosphate  of  lime.     Generally  this  reaction  .  „,         ,         ,  ^ 

re  •     ,,  ,  ,        -^1      ^  ^u       -J     r  -J-  •  ventative.    There  have  been  periods,  however,  when  no 

IS  surhciently  complete  without  the  aid  of  any  o.xidizing  ^  ' 

^    ^u      ^\       ^u  4.  4.U  4.  •  4.        '        \  4.  4.1  •       aluminum  was  added  for  weeks  at  a  time,  but  this  prac- 

agent  other  than  the  rust  that  is  on  most  scrap.    At  this       .  ,  .        , 

,.,  ,,  4.    4.  u       u      1      -4.        J  u        t'ce  taxes  the  skill  of  the  melters  to  the  utmost  and  is 

juncture  the  melter  pours  a  test  bar,  breaks  it,  and  by 

.   .  ,  ■    ,        ,  .  ,         •     1  •  ,  not  to  be  recommended  when  shanking  steel  in  small 

examination  ascertains  whether  his  carbon  is  high  or  .  .  '^ 

,  J     ..,  J  .  4.-1  ^1  •      1  4.     quantities  at  high  temperatures, 

low,  and  either  ores  down  or  pigs  up,  until  this  element      ^  ,        .  "^ 

■     ■         J         Tc  1  •  •     J      r  The  finishing  of  a  heat  in  the  electric  furnace  re- 

is  in  order.     If  much  ore  is  required,  of  course  more  "^  . 

,■  ^  ,       jjj^  •,.•         £c-4.i,-v-4.i        quires  very  nice  judgment  on  the  part  ot  the  operator, 

lime  must  be  added  to  maintain  sufihcient  basicity  in  the      i,  ■'  .       ^  . 

,      ^    .   ,  r  .1       1        I  T-i     r  -4.1.  Too  much  cannot  be  said  of  the  physical  properties  of 

slag  to  take  care  of  the  phosphorus,     i  he  furnace  is  then  .  .,  . 

^•14.  J    1-  u^i  1  .1       1       ■         11   J     jzc  1-  r         electric   steel   when   properly   made.     With  a   view   of 

tilted  slightly  and  the  slag  is  pulled  off  by  means  of  a  .' .  ,        .  ,  ,    . 

,  ^-       41    .  .  1         •       1  -,1   J   1.      J        u     4.     ascertaining  what  electric  steel  would  pull  in  compari- 

rake,  an  operation  that  takes,   in  skilled  hands,  about  .  ,  ,  ^  ,  ,         , 

,,  •     4.         -ri      r  •        4.  t,     1         J  .1  J      son  with  steel  from  the  converter,  and  open  hearth,  some 

three  minutes.     1  he  furnace  is  put  back,  and  the  second  ,         .  ^  . 

,       •  J        •4.U  1-      ■  J         J        J    4.  4.1- •      4.  twenty  test  bars  were  taken  from  as  many  consecutive 

slag  is  made  with  lime,  spar  and  sand,  and  at  this  stage  ■'  .  / 

r  .,,.,,      J       • ,.  ■  J   J       1  u     •  ■  -J      heats.     Their  average  analysis  was  as  follows: — 

of  the  heat  the  deoxidizing  and  desulphurizing  period  '^ 

begins.     As  soon  as  the  slag  is  melted,  and  is  of  the  Carbon  o^^i" 

proper  consistency,  powdered  coke  is  added,  and  in  about  Silicon 0.29 

twenty  minutes,  under  the  intense  heat  of  the  arcs,  the  Manganese 0.02 

-'  '  .  .  Phosphorus 0.018 

slag  becomes  reduced,  calcium  carbide  forms,  and  the  Sulplnir 0.028 

sulphur  goes  into  the  slag,  where  it  is  retained  as  calcium  jhe  physical  properties  were  as  follows  :— 

sulphide.    This  reaction  is  very  complete.    However,  the  Ultimate    tensile    strength     lbs     per 

mere  fact  that  a  calcium  carbide  slag  has  been  forfiied  square  inch  71  417 

.    J.      ..         4.1     .    .1         4.     1  1        -4.    •      4.1.  1.1  Elastic  limit,  lbs.  per  square  inch 43  41/ 

IS  no  indication  that  the  steel  under  it  is  thoroughly  Elongation,  percent  in  2  inches 31.60 

dexoxidized,  and  it  is  necessary  to  hold  the  metal  under       •  Reduction  of  area,  percent 51.00 

this  slag  twenty  to  thirty  minutes.  Manganese  and  sili-  It  will  be  noted  that  the  average  elastic  ratio  was  61 
con  are  next  added,  and  the  atmosphere  of  the  furnace  percent  of  the  ultimate  tensile  strength.  The  only  heat 
and  the  condition  of  the  slag  at  this  stage  of  the  heat  are  treatment  that  the  test  bars  received  was  a  slow  anneal 
such  that  if,  for  any  reason  it  should  be  desirable  to  at  about  1600  degrees  F.  Of  the  same  analysis  and  with 
do  so,  the  heat  could  be  held  iti  the  furnace  for  an  in-  the  same  simple  heat  treatment,  no  tests  from  the  con- 
definite  lengch  of  time  without  any  appreciable  loss  in  verier  or  open  hearth  have  come  to  the  author's  atten- 
the  manganese  or  silicon  content  in  the  steel,  providing  tion  approaching  these  figures. 


Lloctnc  iM(v:iinc^o  >Scool 


W.  H.  Cogswell 


PREVIOUS  to  the  introduction  of  modern  methods 
in  steel-making,  hardening  or  tempering  in  water 
indicates  steel;  failure  to  harden,  wrought  iron. 
Since  the  advent  of  the  Bessemer,  open-hearth  and 
electric  processes,  a  large  part  of  their  output  universally 
recognized  as  steel  fails  to  come  within  the  terms  of  such 
a  definition.  Steel  according  to  commercial  usage,  there- 
fore, is  classified  by  processes  rather  than  by  character- 
istics.   Thus,  Campbell  classifies  as  follows : — 

I — Wrought  iron  is  a  product  of  the  puddle  furnace. 
2 — Steel  is  a  product  of  the  cementation  process  or 
the  malleable  compounds  of  iron  made  in  the  crucible, 
converter,  open-hearth  or  electric  furnace. 

Of  the  several 
methods  employed, 
the  crucible  process 
is  the  oldest.  It 
consists  in  the  melt- 
ing of  a  charge  of 
predetermined  an- 
alysis, under  neu- 
tral c  o  n  d  i  t  ions. 
Since  no  refining  is 
possible  by  t  h  i  .-s 
process,  only  high- 
grade  metals  art- 
used.  This  method 
is  thus  expensive- 
and  the  steel  is 
made  in  small  units. 

The   Bessemer 
converter  is  essen- 
tially  an   oxidizing 
furnace,  and  the  process  is  based  chiefly  on  the  oxidizing 
of  carbon. 

In  the  open-hearth  furnace  the  melting  is  accom- 
plished by  a  flame  which,  under  the  best  conditions,  is 
oxidizing  in  its  nature.  In  the  basic  open-hearth  pro- 
cess, carbon,  phosphorus,  silicon,  manganese  and  some 
sulphur  are  removed  from  the  bath.  In  the  acid  open- 
hearth  process  only  carbon,  silicon  and  manganese  are 
removed. 

In  the  electric  furnace,  where  the  heat  is  produced 
by  an  electric  arc,  it  is  possible  to  melt  and  refine  a 
charge  of  metal  in  a  neutral  or  reducing  atmosphere,  and 
the  refining  may  be  carried  to  a  very  high  degree. 

Each  of  the  above  methods  of  steel-making,  with 
the  exception  of  the  electric  furnace,  have  very  definite 
and  limited  fields  of  use,  while  the  electric  furnace  may 
be  used  in  producing  a  steel  equivalent  to  any  of  the 
other  processes.    In  the  production  of  electric  steel,  the 


— FIVE-TON  GRONW.\LI.-UI.\0N   ELECTRIC  FUKNACL   .MAKI.SI,  .M.lM\ 

In  the  plant  of  the  John  A.  Crowley  Company,  Detroit,  Mich 


question  of  cost  must  be  considered  along  broad  lines, 
and  it  must  be  borne  in  mind  that  when  the  electric  fur- 
nace is  used  for  melting  and  refining,  and  competes  suc- 
cessfully with  the  open-hearth  furnace,  it  is  because  the 
advantage  derived  from  refining  exceeds  the  increased 
cost  incident  to  the  use  of  electric  power  for  melting.  As 
compared  with  the  crucible  process,  the  electric  furnace 
is  very  much  more  economical  and  the  quality  of  steel 
produced  is  quite  as  good.  It  is  possible  to  effect  a  sav- 
ing through  the  elimination  of  the  expensive  crucible 
pots,  reduction  in  labor  costs  and  in  the  cost  of  metal 
charged. 

In  comparing  open-hearth  costs  with  those  for  elec- 

t  r  i  c  furnaces,  it 
must  be  remem- 
bered that,  with 
electric  power  gen- 
erated by  steam, 
the  losses  due  to 
gen  eration,  trans- 
mission and  trans- 
formation are  con- 
siderable and  that 
the  coal  consump- 
tion, in  the  case  of 
an  open-hearth  fur- 
nace fired  by  pro- 
ducer gas  would  be 
at  least  50  percent 
less  than  the  coal 
consumption  n  e  c- 
cssary  to  produce 
the  equiva lent 
amount  of  heat  in  the  form  of  electric  power.  For 
example,  in  a  producer  gas-fired  open-hearth  furnace  it 
requires  approximately  750  pounds  of  coal  per  ton  of 
steel  melted.  As  it  requires,  say,  600  kilowatt-hours  per 
ton-  of  steel  melted  in  an  electric  furnace,  and  the  coal 
consumption  in  a  modern  power  plant  is  about  2.5 
pounds  per  kilowatt-hour  generated,  it  is  necessary  to 
burn  1500  pounds  of  coal  under  the  boilers  to  melt  a 
ton  of  steel  electrically.  These  figures  are  given  to 
show  that,  if  fuel  cost  in  the  open-hearth  compared  with 
the  power  cost  in  the  electric  furnace  were  the  only  con- 
sideration, the  electric  furnace  would  not  be  commer- 
cially feasible. 

Electric  steel  costs  vary  considerably  and  depend  on 
the  quality  of  metal  charged  and  the  quality  of  finished 
produdt  desired.  Practically  all  cost  items  are  affected 
by  these  considerations.  For  example,  in  the  making  of 
steel  castings  it  is  not  necessary  to  carry  the  refining 
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process  to  a  very  high  degree.  The  general  practice  con- 
sists (i)  in  melting  the  charge  rapidly,  (2)  allowing  it 
to  stand  long  enough  to  deoxidize,  and  (3)  pouring  the 
charge  without  making  an  analysis.  In  this  case  the 
conversion  costs  per  ton  in  a  five-ton  furnace  are  ap- 
proximately as  follows : — 

Electric  power,  600  kw-lirs.  at  ic $6.00 

Electrodes,  20  pounds  at  5.5c 1. 10 

Refractories   0.40 

Slag  material  0.25 

Labor   0.7s 

$8.50 

If  it  is  desired  to  make  a  good  grade  of  alloy  steel 
refined  to  under  0.03  percent  phosphorus  and  sulphur, 
and  allow  sufficient  time  to  make  an  analysis  before 
pouring,  the  cost  per  ton  would  he  approximately  as 
follows : — ■ 

Electric  power,  750  kw-lirs.  at  ic $7-50 

Electrodes,  22  pounds  at  5.5c 1.21 

Refractories   0.50 

Slag  material  0.30 

Labor   0.90 

$10.41 

Finally,  if  it  is  desired  to  make  a  high-grade  tool 
steel  in  which  the  phosphorus  and  sulphur  are  under  0.02 
percent,  the  following  costs  are  approximately  correct : — 

Electric  power,  850  kw-hrs.  at  ic .$8.50 

Electrodes,  24  pounds  at  5.5c 1.32 

Refractories  0.55 

Slag  material  0.40 

Labor   i.io 

$11.87 

Naturally,  the  question  arises  as  to  the  specific  tech- 
nical or  physical  element  by  virtue  of  which  the  electric 
furnace  can  accomplish  the  results  claimed.  The  answer 
to  that  question  is  that  the  electric  furnace  produces  a 
temperatttre  higher  than  any  other  furnace ;  that  it  pro- 
dtices  this  higher  temperature  without  contamination  of 
the  charge  through  gases  and  other  impurities.  With 
the  electric  furnace  it  is  possible  to  control  the  temper- 
ature within  limits  which  are  entirely  beyond  the  reach 
of  combustion  furnaces.  There  are  really  only  three 
fundamental  factors  which  determine  all  steel-making 
processes,  namely,  the  cheinical  composition  of  the  ma- 
terial, the  temperature  and  the  time.  The  more  per- 
fectly these  elements  are  controlled  during  the  process, 
the  more  perfect  the  results  obtained. 

The  electric  furnace  may  be  operated  either  basic  or 
acid,  but  in  the  vast  majority  of  cases  the  basic  opera- 
tion is  preferred.    In  a  basic  furnace  the  hearth  consists 


either  of  magnesite  or  dolomite,  or  a  combination  of  the 
two.  In  an  acid  furnace  the  hearth  consists  of  silica. 
No  sulphur  or  phosphorus  is  eliminated  by  the  acid  pro- 
cess, and  hence  the  material  charged  must  be  selected 
carefully  if  a  narrow  limit  is  to  be  placed  on  these  ele- 
ments in  the  finished  product.  The  basic  process,  on  the 
other  hand,  permits  of  a  reduction  in  phosphorus  and 
stilphur,  and  hence  a  broader  and  cheaper  range  of  ma- 
terials is  allowable. 

The  usual  basic  practice  in  making  a  heat  of  good 
grade  steel  is  as  follows : — 

An  average  grade  of  steel  scrap  is  charged  in  the 
furnace  and  full  power  applied.  In  a  short  time  small 
pools  of  molten  metal  form  around  the  electrodes,  and 
an  oxidizing  flux  of  lime  and  either  mill  scale  or  ore  is 
added.  The  proportions  vary  with  the  charge  and 
product  desired.  Oxidization  of  the  carbon,  silicon, 
manganese  and  phosphorus  takes  place  while  the  charge 
IS  being  melted,  and  as  soon  as  it  is  molten  the  first  part 
of  the  refining  is  completed.  The  oxidizing  slag  is  then 
removed  by  tilting  the  furnace,  and  the  bath  is  ready  for 
deoxidizing  and  recarbonizing.  This  consists  in  form- 
ing a  new  slag,  composed  of  about  five  parts  lime,  one 
part  silica  sand  and  one  part  fluorspar.  During  the  de- 
oxidizing period  the  power  applied  is  materially  reduced, 
preferably  by  reducing  the  arc  voltage.  As  soon  as  slag 
has  formed,  carbon  in  the  form  of  coke  or  anthracite 
coal  is  sprinkled  over  the  top  of  the  charge.  The  sul- 
phur is  removed  during  the  deoxidizing  period  and  may, 
if  desired,  be  reduced  to  a  trace.  Complete  deoxidiza- 
tion  is  recognized  by  the  presence  of  calcium  carbide  in 
the  slag.  This  may  readily  be  ascertained  by  reason  of 
the  fact  that  on  cooling  in  the  air,  the  slag  disintegrates 
into  a  white  powder  which,  when  treated  with  water, 
gives  off  acetylene  gas.  After  making  final  additions, 
the  steel  is  ready  to  be  poured,  unless  a  chemical  analysis 
is  desired  before  pouring. 

The  characteristics  of  electric  steel  are  its  freedom 
from  segregation  and  great  homogenity.  It  is  somewhat 
higher  in  tensile  strength  and  elastic  limit  than  other 
steels  and,  owing  to  its  greater  density,  shows  a  marked 
resistance  to  fatigue.  The  following  physical  tests  show 
the  properties  of  open-hearth  versus  electric  steel : — 
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ELECTRIC  furnaces  are  either  acid  or  basic  lined 
and  may  be  classified  electrically  as  follows  :— 
A — Arc  furnaces. 
B  -Resistance  furnaces. 
C  -Induction  furnaces. 

Class  A  arc  furnaces  may  be  sub-divided  into  :— 
«_Radiant  arc,  such  as  Stassano,  Rennerfelt  and  Moissan 
furnaces. 

b—.\vc  resistance,  such  as  the  Snyder,  Heroult,  Gronwall 
and  Girod. 

Sub-class  b  may  further  be  partitioned  into  two 
divisions : — • 

7— The  long  arc  (no  to  330  volts),  as  in  the  Snyder. 
^-Short  arc  (45  to  6s  volts),  as  in  the  Heroult,  and  this 
class  may  also  be  further  sub-divided  into  furnaces  with  con- 
ducting bottoms,  as  the  Girod,  Snyder,  Gronwall.  Graves,  etc., 
and   those  in  which  all  current  returns  through  one  or  more 
arcing  electrodes,  such  as  the  Cowles,  Wilson  or  Heroult. 
Class  B  resistance  furnaces  may  be  divided  into  :— 
a— Direct  resistance  furnaces,  such  as  Keller,  Harnet  and 
Acheson,  where  the  electrodes  come  into  contact  with  the  charge 
to  be  melted  or  reduced,  the  charge  itself  forming  the  resist- 
ance. 

b— Direct  radiation  furnaces,  where  the  resistor  is  coiled 
about  or  in  contact  with  the  furnace  crucible  and  heats  the 
charge  by  direct  radiation,  as  in  the  Hoskins  or  Herrarens. 

f— Indirect  radiation  or  reflection,  such  types  as  the  Bailey 
and  General  Electric  types,  where  the  resistor  is  usually  of  car- 
bon, graphite  or  metallic  oxides  and  radiates  its  heat  against 
enclosing  walls,  which  in  turn  reflect  the  heat  onto  the  charge. 

Class  C  induction  furnaces  may  be  sub-divided  into 
two  types : — 

11— Open  or  horizontal  molten  metal  channel,  as  in  the 
Rochling-Rodenhauser,  Colby,  Frick  or  Kjellin  furnaces. 

&— Submerged  (vertical  or  inclined)  molten  metal  channel, 
such  as  the  Foley,  Wyatt  or  Hering  furnace;  the  latter  has 
been  known  as  the  "pinch  effect  furnace." 

Low-frequency  currents  are  preferable  for  induc- 
tion furnaces,  and  frequencies  froiu  25  to  5  cycles  are 
necessary  in  the  larger  types,  or  the  power-factor  will 
fall  so  low  (50  degrees  or  less)  as  to  becoiue  unman- 
ageable. 

Any  of  these  types  may  be  constructed  to  operate 
on  one,  two  or  three-phase  power,  and  classes  A  and  B 
may  use  60  or  25  cycle  or  direct-current  power.  Origi- 
nally direct  current  was  used  and  later  25  cycles  was  the 
choice,  but  now  60  cycle  power  for  furnaces  is  rapidly 
taking  the  lead  on  account  of  its  increasing  popularity 
for  central  station  service,  due  to  the  cheaper  trans- 
formers and  motors  which  are  available.    However,  the 


majority   of   the   highest  powered    furnace   installations 
are  as  yet  operated  at  25  cycles. 

CL.-\SS   A — ARC   FURN.\CES 

In  the  manufacture  of  steel,  the  arc  furnace  has 
almost  monopolized  the  field.  Its  low  cost  of  construc- 
tion, the  ease  with  which  an  oxidizing  slag  for  dephos- 
phorizing, or  a  reducing  slag  for  desulphurizing  the 
charge,  may  be  maintained  in  a  fluid  and  superheated 
condition,  the  ease  of  maintaining  a  non-oxidizing  atmos- 
phere in  which  even  the  lightest  scrap  may  be  melted 
without  loss,  the  readiness  with  which  the  slags  may  be 
changed,  allowing  arc  furnaces  of  the  basic  type  to 
work  a  variety  of  low-grade  materials  and  refine  them 
into  the  highest  grades  of  steel,  are  all  points  now  be- 
coming understood  and  more  keenly  appreciated  as 
vitally  necessary  for  economical  production. 

Arc  furnaces,  if  properly  designed,  operate  at  a  good 
power- factor,  75  percent  or  better,  even  when  using  60 
cycle  power.  Their  efficiency  (ratio  of  electric  energy 
transferred  as  heat  to  charge)  is  remarkably  high  (60 
to  80  percent),  as  compared  to  the  5  to  15  percent 
efficiency  in  transferring  the  heat  of  the  fuel  coal  to  the 
charge  obtained  in  open-hearth  steel-making  furnaces. 

Electric  furnaces  making  steel,  melting  cold  scrap 
and  converting  into  tool  or  alloy  steels  (using  two  slags) 
ordinarily  use  700  to  800  kw-hr.  per  net  ton  or,  when 
converting  into  a  merchant  grade  of  carbon  steel  (using 
one  slag) ,  consume  500  to  650  kw-hr.  per  ton,  depend- 
ing upon  the  size  of  the  furnace,  and  the  rapidity  of 
melting — ratio  of  power  input  to  holding  capacity  of 
hearth,— as  well  as  upon  the  grade  of  the  scrap  being 
melted,  rusty  or  oxidized  scrap  requiring  more  power 
for  its  conversion.  With  a  given  grade  of  scrap  more 
power  is  required  to  reduce  the  sulphur  and  phosphorus 
to  low  limits  (0.02  percent)  than  the  ordinary  merchant 
steel  limit  of  0.04  percent  as  to  obtain  the  lower  limits, 
more  slag,  made  principally  of  lime,  must  be  melted. 
In  fact,  less  than  400  kw-hr.  per  ton  are  required  theo- 
retically to  melt  and  superheat  steel  to  casting  tempera- 
ture. 

With  the  arc-type  furnace,  steel  may  readily  be 
superheated  to  such  a  temperature  as  will  render  it  liquid 
enough  to  pour  without  seams  or  cold  shuts  for  even  the 
thinnest  and  most  difficult  castings.  This  type  of  fur- 
nace is,  furthermore,  ideal  for  degasifying  and  deoxi- 
dizing steel,  which  results  in  a  marked  economy  in  the 
use  of  the  "additions"  such  as  manganese,  silicon,  alum- 
inum and  titanium.  Some  melters  claim  that  they  re- 
quire  only   one-half    the   quantity   of    ferro-manganese 
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necessary  in  best  open-hearth  practice.  In  one  case  a 
foundry  was  adding  0.50  percent  =  10  lbs.  =  $1.50  per 
net  ton,  which  in  the  electric  steel  was  reduced  to  addi- 
tions of  0.05  percent,  or  15c  per  net  ton. 

Steel  can  be  much  more  completely  deoxidized  and 
degasified  and  freed  from  sulphur  in  the  electric  furnace 
than  by  other  steel-making  processes.  As  a  result,  such 
steel  shows  distinctly  better  physical  properties  and  has 
been  demonstrated  to  stand  more  abuse  in  heat  treating 
than  other  steels.  It  also  responds  better  to  heat  treat- 
ment, and  tests  have  been  made  which  show  that  electric 
furnace  steel  is  a  better  resistor  of  rust. 

In  addition  to  the  advantage  of  being  able  to  con- 
vert cheaper  scrap  into  high-grade  steel,  the  electric  fur- 
nace is  decidedly  better  for  making  special  steels  such 
as  alloys  of  chromium,  nickel,  tungsten,  molybdenum, 
''  vanadium,  etc.  Such  alloys  can  be  put  into  solutions 
with  the  liquid  steel  with  a  minimum  of  loss  to  the  slags 
and  by  oxidation,  and  can  be  much  more  uniformly  dis- 
solved. 

The  rapidity  of  melting  in  a  modern  high-power 
electric  furnace  makes  the  plant  investment  per  ton  of 
daily  capacity  lower  than  with  an  open-hearth  furnace 
plant,  a  10  ton  electric  furnace  producing  as  much  out- 
put as  a  40  to  50  ton  open-hearth  furnace.  With  the 
50  ton  open-hearth  furnace  making  two  heats  per  day,  a 
50  ton  ladle  with  corresponding  crane,  crane  runway, 
building,  ladles,  ingot  moulds  and  casting  pit  are  neces- 
sary, while  with  a  10  ton  electric  furnace  plant,  making 
eight  to  ten  heats  (on  soft  steel)  per  day,  the  capacity 
of  these  various  and  expensive  auxiliaries  is  reduced 
correspondingly  to  one-fourth  or  one-fifth  the  capacities 
necessary  in  the  open-hearth  plant.  Furthermore,  the 
ingots  are  delivered  to  the  soaking  pits  or  heating  fur- 
naces at  a  more  steady  rate,  an  important  point  in  a 
plant  of  small  or  medium  capacity. 

It  is  frequently  the  case  that  the  entire  conversion 
cost  of  producing  steel  in  the  electric  furnace  is  offset 
by  the  lower  cost  of  scrap  which  it  is  practicable  to 
melt  with  the  electric  furnace,  though  it  must  be  ad- 
mitted that  the  electric  energy  at  $3.00  to  $4.80  per  ton 
of  steel  converted  (0.6c  per  kw-hr.)  costs  more  than 
coal,  running  from  75c  to  $2.50  per  ton,  or  fuel  oil 
costing  $2.00  to  $3.00  per  ton  (oil  at  5c  per  gal.),  of 
steel  produced  in  open-hearth  furnaces.  The  refractory 
costs  are  also  less  with  the  electric  than  with  the  open- 
hearth  furnaces,  as  is  also  the  operating  labor,  though 
this  is  partly  offset  by  the  cost  of  electrodes,  costing 
usually  $1.00  (20  lbs.  at  Sc)  per  ton. 

The  electric  furnace  bids  fair  to  become  a  strong 
competitor  of  the  open-hearth  furnace  for  making  ordi- 
nary carbon  steels  in  favorable  locations,  and  is  already 
in  the  lead  for  making  alloy  and  tool  steels.  The  cost  of 
the  "pots"  alone  in  the  crucible  steel  mills  is  now  greater 
than  the  entire  conversion  cost  when  using  electric  fur- 
naces, and  the  product  of  the  electric  furnaces  has  been 
demonstrated  to  be  better  than,  or  at  least  equal  to  the 
best  of  the  product  turned  out  by  any  of  the  older  pro- 
cesses. 


Arc  furnaces  are  preferably  lined  with  basic  ma- 
terial up  to  or  slightly  above  the  slag  line,  so  that  high 
calcium  slags,  necessary  to  dephosphorize  and  desul- 
phurize the  charge,  may  be  employed  without  causing 
undue  erosion  of  the  bottoms,  banks  and  sides  of  the 
furnace.  The  bottom  is  preferably  made  by  ramming 
and  sintering  in,  by  layers,  "dead  burned"  magnesite, 
containing  approximately  ten  percent  basic  slag  to  flux 
it  and  agglomerated  with  boiled  coal  tar,  which  is  first 
rammed  in  place.  The  side  walls  and  roof  are  laid  up  of 
best  lime  bond  silica  brick,  without  mortar,  suitable  pro- 
vision being  made  by  inserting  wood  spacers  to  allow 
for  the  expansion  of  the  brick  (3/16  in.  per  ft.)  when 
heated.  No  attempt  must  be  made  to  use  heat  insula- 
tion around  these  brick,  for  the  arc  heat  is  so  intense 
that  the  best  silica  is  barely  able  to  stand  up  when 
allowed  free  play  for  conducting  to  the  outside  of  the 
furnace,  as  well  as  reflecting  and  radiating  the  heat  from 
the  inner  walls  to  the  charge.  Even  a  heavy  coating  of 
dust  on  the  roof  of  a  furnace  sufficiently  insulates  the 
roof  arch  bricks  as  to  make  a  noticeable  reduction  in 
their  life.  Furnace  roofs  on  properly  designed  basic 
furnaces  last  from  80  to  200  heats,  and  an  extra  roof 
arch  ring  should  be  kept  on  hand — ready  bricked-up — 
for  quick  application. 

The  magnesite  furnace  bottoms  or  hearths,  when 
properly  made,  should  last  from  500  to  1500  heats;  in 
fact,  with  some  short-arc,  three-phase  furnaces,  diffi- 
culty is  experienced  due  to  bottoms  "building  up."  This 
difficulty  can  be  obviated  by  causing  a  certain  amount  of 
power  to  flow  through  the  bottom.  However,  in  cases 
where  the  entire  current  flows  through  the  bottom,  the 
bottom  often  "eats  away,,"  unless  the  amperage  is  lim- 
ited by  such  expedients  as  a  very  long  arc  or  by  water 
cooling  the  bottom,  which  brings  with  it  a  series  of 
troubles. 

\\'ater-cooled  rings  or  "roof  coolers"  should  be  used 
where  the  electrodes  enter  the  roof  to  prevent  the  flow 
of  gases  evolved  in  the  process  from  burning  out  the 
electrode  openings  too  large  and  to  save  unnecessary 
oxidation  and  wasting  away  of  the  electrodes  where 
they  enter  through  the  roof.  The  carbon  and  graphite 
electrodes  vary  in  size  and  sometimes  have  bumps  or 
irregularities  on  their  surfaces ;  it  is,  therefore,  essential 
to  have  an  electrode  holder  or  clamp  constructed  for 
ready  adjustment  to  size  and  fit,  and  water  cooling  is 
imperative  to  prevent  burning. 

Both  carbon  and  graphite  electrodes  are  in  use ;  the 
latter  being  generally  chosen  on  the  long  arc  or  radiant 
arc  type  of  furnace,  while  many  operators  choose  the 
amorphous  carbon  electrode  for  the  short  arc  furnaces 
on  account  of  the  so-called  "umbrella  effect,"  the  larger 
carbon  electrode  (twice  the  diameter  of  graphite)  better 
shadowing  the  roof  from  the  intense  heat  radiated  di- 
rectly from  the  arc.  Graphite  electrodes  have  about 
four  times  the  conductivity  of  carbon,  and  can,  there- 
fore, be  reduced  to  one-half  the  diameter  and  weight  of 
carbon  electrodes,  but  cost  approximately  twice  as  much 
per  pound   (iic  as  compared  to  5c).     Both  classes  of 
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electrodes  are  now  generally  of  cylindrical  form  and 
threaded  in  the  ends  for  screw  connection  with  threaded 
studs  of  similar  material,  thus  leaving  no  stub  ends  to 
be  thrown  away.  Electrode  losses  range  from  5  to  30 
pounds  per  ton,  depending  upon  the  length  of  the  heat 
and  whether  they  are  graphite  or  carbon. 

Furnace  transformers  should  be  of  the  water-cooled 
type,  for  it  is  seldom  that  conditions  favor  air  cooling 
adjacent  to  hot  furnace  rooms.  They  should  be  pro- 
tected by  automatic  oil  switches  fitted  with  time-limit 
relays.  The  transformer  coils  should  be  strongly  braced 
and  secured  to  prevent  displacement  due  to  frequent 
short-circuits.  It  is  also  desirable,  especially  on  25  cycle 
furnaces,  to  have  a  certain  amount  of  reactance  in  the 
transformer  circuit  (or  in  the  branch  power  line  feed- 
ing the  transformer)  to  protect  it  from  injury  and  to 
avoid  the  nuisance  of  frequent  opening,-:;  of  the  circuit- 
breaker  when  melting  cold  charges.  Ordinarily,  the  total 
reactance  should  run  8  to  12  percent.  Power  companies 
generally  insist  that  furnaces  using  more  than  300  kw 
shall  be  built  upon  the  polyphase  plan,  though  a  single- 
phase  furnace  is  necessarily  simpler  and  cheaper  to 
build,  and  operates  on  a  somewhat  lower  electrode  lo.'^s, 
and  in  small  sizes  is  practicable. 

The  advent  of  the  electric  furnace  at  once  made  it 
obvious  to  open-hearth  steelmakers  that  it  might  be  used 
as  an  added  step  to  the  Bessemer  or  open-hearth  duplex 
process  for  finishing  the  steels,  and  trials  demonstrated 
that  the  electric  furnace  is  especially  valuable  when 
operated  on  the  duplex  or  triplex  system,  preferably 
using  the  Bessemer  converter  for  decarbonizing  and  de- 
siliconizing  the  metal,  the  open-hearth  furnace  for  de- 
phosphorizing, followed  by  the  electric  furnace  treat- 
ment for  deoxidizing  and  for  desulphurizing.  These 
latter  processes  require  high  calcium  slags  made  fluid 
by  very  high  heats  in  a  reducing  atmosphere,  treatments 
which  can  be  applied  properly  only  in  an  electric  fur- 
nace. Electric  furnaces  operating  on  the  triplex  system 
have  worked  on  as  low  as  no  kilowatt-hours  per  ton, 
requiring  one  heat  to  finish  the  molten  charge. 

The  arc  furnace  is  especially  adapted  to  steel  foun- 
dry practice,  where  small  casts  of  very  hot  steel  are 
desirable,  and  where  very  hot  metal  properly  deoxidized 
is  necessary.  For  such  work,  where  a  good  quality  of 
scrap  is  available  and  no  exacting  specifications  are  re- 
quired as  to  sulphur  and  phosphorus  in  the  castings,  an 
acid-lined  furnace  is  permissible.  Under  such  condi- 
tions, the  long  arc  and  radiant  arc  classes  of  furnaces  are 
available  in  the  smaller  sizes  and  are  cheaper  and  sim- 
pler, but  care  must  be  used  not  to  continue  the  applica- 
tion of  heat  after  the  charge  is  melted,  or  the  refrac- 
tories will  be  destroyed  much  more  quickly  than  with 
the  short  arc  type  of  furnace. 

CLASS  B — RESISTANCE  FURNACES 

Type  B,  class  a  resistance  furnaces  are  largely  used 
for  graphitizing  carbon,  as  in  the  Acheson  process,  for 


smelting  ores,  for  fusing  oxides  into  refractories,  such 
as  aluminum  and  carborundum,  and  for  fused  salt  bath 
tempering  furnaces.  The  smaller  sizes  of  type  B,  class 
b  furnaces  are  in  high  favor  for  laboratory  work.  Type 
B.  class  c  furnaces  are  well  adapted  for  heat  treating, 
annealing  or  melting  non-ferrous  metals  when  steady 
heats,  automatically  regulated  and  of  comparatively  low 
temperatures,  are  required. 

CLASS   C — INDUCTION    FURNACES 

Class  C  or  induction  furnaces  are  not  now  in  favor 
for  steel-making  plants  and  will  not  be  discussed  at 
length  here.  The  induction  furnace  of  the  submerged 
loop  type  seems  destined  to  fill  a  most  important  field 
in  non-ferrous  metal  melting,  to  which  it  is  especially 
adapted  by  reason  of  its  vigorous  agitation  of  the  bath 
and  the  absence  of  any  tendency  to  vaporize  or  boil  out 
the  more  volatile  element,  as  the  zinc  in  brass,  and  by 
reason  of  its  economy — 200  to  250  kw-hr.  per  ton, — 
freedom  from  wear  and  tear  and  from  electrode  losses 
and  cost,  and  by  reason  of  its  simplicity.  For  the  com- 
paratively low  heats  such  as  are  required  by  non- 
ferrous  metal,  the  refractories  will  stand  up  for  long 
periods.  The  volatilization  losses  in  crucible  melting  of 
yellow  brass — two  to  eight  percent — will  pay  for  the 
entire  cost  of  melting  with  such  induction  furnaces 
twice  over.  Crucible  melting  costs  from  38  to  80c  per 
100  lbs.,  as  compared  with  electric  melting  costs  ranging 
from  16  to  24c  per  100  lbs.  Arc  furnaces,  on  account  of 
the  hot  spots  under  the  arcs,  tend  to  boil  out  the  zinc 
and  are  not  well  adapted  to  yellow  brass  melting,  though 
they  should  stand  a  somewhat  better  show  when  the 
problem  is  to  melt  red  copper,  brass  or  bronze.  The  sub- 
merged loop  induction  furnace  will  probably  encounter 
serious  difficulties  when  used  for  steel  melting  until 
some  more  refractory  material  can  be  found  for  lining 
the  loop ;  with  this  type  of  furnace  the  loop  is  necessarily 
hotter  than  the  bath,  and  at  the  same  time  is  subjected  to 
a  vigorous  wash  from  the  violently  agitated  metal  cir- 
culated through  the  loop. 

CONCLUSION 

The  short  arc  type  of  furnace  now  seems  to  monopo- 
lize the  field  for  most  profitable  production  of  crucible 
steels,  alloy  and  tool  steels,  where  numerous  tests  have 
shown  it  to  be  cheaper.  It  is  also  in  favorable  situa- 
tions a  strong  competitor  of  the  open-hearth  furnace  for 
making  the  better  grades  of  low  carbon  steels. 

At  present  most  electric  steel  furnaces  are  being 
operated  on  central  station  power,  though  electric  re- 
duction or  smelting  furnaces  are  generally  located 
where  water-power  is  available.  With  water-powers,  or 
with  large  steam-power  plants  located  at  the  mouth  of 
a  coal  mine,  where  power  production  may  in  the  future 
reach  the  low  operating  cost  of  one-sixth  cent  per  kw-hr., 
the  electric  furnace  has  a  wonderful  growth  and  future 
ahead. 
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ONE  of  the  chief  advantages  of  the  alternating- 
current  system  of  distribution  is  that  the  current 
may  be  Hmited,  in  most  cases,  to  a  fairly  low 
value.  There  are,  however,  certain  classes  of  apparatus, 
such  as  electric  furnaces  and  large,  low-voltage  rotary 
converters,  in  which  it  is  necessary  to  design  for  ex- 
tremely large  currents.  The  problems  in  the  construc- 
tion of  transformers  to.  carry  loads  of  this  character 
divide  themselves  into  two  classes, — those  that  have  to 
do  with  the  windings  of  the  transformer  and  those  that 
have  to  do  with  the  leads. 

The  voltage  induced  in  each  turn  of  a  transformer  is 
of  the  order  of  the  square  root  of  the  k.v.a.  rating.  It 
is  evident,  therefore,  that  the  secondary  winding  of  a 
large  low-voltage  transformer  will  have  a  very  small 
number  of  turns.  The  type  of 
coil  most  frequently  used  con- 
sists of  a  spiral  in  which  there  is 
one  layer  and  several  turns.  This 
spiral  is  wound  with  a  large  num- 
ber of  conductors  in  parallel, 
each  conductor  being  insulated 
separately,  as  shown  in  Fig.  i, 
in  order  to  reduce  the  eddy- 
current  loss.  It  is  possible  to 
wind  as  many  as  sixty  conductors 
in  parallel  in  one  spiral  coil. 
There  is  an  oil  duct  between  ad- 
jacent turns  of  the  spiral,  and  the 
turns  are  held  apart  by  means  of 
wavy  spacing  strips,  which  sup- 
port all  of  the  individual  con- 
ductors. When  the  current  is 
very  large  a  number  of  these 
spiral  coils  are  operated  in  par- 
allel. Each  of  these  low-voltage 
coils  must  be  in  the  same  relative 
position  with  regard  to  the  high-voltage  winding  in  order 
that  each  may  carry  an  equal  share  of  the  total  current. 
Changes  in  secondary  voltage  are  usually  made  by 
varying  the  number  of  turns  in  the  high-voltage  wind- 
ing. In  changing  the  number  of  high-voltage  turns  it  is 
essential  that  the  same  number  of  turns  be  cut  out  of 
each  group,  as  otherwise  the  different  low-voltage  coils 
will  no  longer  occupy  the  same  relative  position  with 
respect  to  the  total  high-voltage  winding,  thus  causing 
an  unequal  division  of  current.  Transformers  for  oper- 
ating electric  furnaces  usually  require  a  wide  range  of 
secondary  voltages.  The  core  of  the  t-ransformer  is  so 
designed  that  the  magnetizing  current  corresponding  to 
the  highest  secondary  voltage  will  not  exceed  eight  or 
nine  percent  of  full-load  current.  The  desirability  of 
high  permeability  sheet  steel  in  the  case  of  such  a  trans- 
former is  self-evident.     It  is  also  obvious  that  the  char- 
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acteristics  of  a  furnace  transformer  will  chaiige  with  the 
secondary  voltage.  When  operating  at  the  lowest  sec- 
ondary voltage,  the  magnetizing  current  is  almost  negli- 
gible, the  iron  loss  is  very  low,  and  the  copper  loss  and 
reactance  drop  are  high.  When  operating  at  the  highest 
voltage,  the  iron  loss  and  magnetizing  current  are  high 
and  the  copper  loss  and  reactance  drop  are  low. 

The  cost  and  weight  of  furnace  transformers  in- 
crease rapidly  with  the  extent  of  the  voltage  range  re- 
quired. Transformers  for  use  with  three-phase  fur- 
naces may  be  materially  cheapened  if  the  lower  voltages 
are  obtained  with  the  high-voltage  windings  connected 
in  star  and  the  higher  voltages  are  obtained  with  the 
high-voltage  windings  connected  in  delta. 

It  is  no  more  difficult  to  brace  the  actual  windings  of 
a  low- voltage,  heavy-current  transformer,  apart  from 
the  leads,  than  to  brace  those  of  a  higher  voltage,  pro- 
vided spiral  coils  of  the  type  shown  in  Fig.  i  are  used. 
If,  however,  the  low- voltage  winding  consists  of  coils 
having  two  or  three  layers  and  one  turn  per  layer,  it  is  a 
difficult  matter  to  brace  the  windings.  At  the  end  where 
the  leads  are  brought  out,  the  winding  of  a  two-layer 
coil  is  three  turns  high  and  the  third  turn  projects  above 
the  adjacent  primary  coils.  The  repulsion  between  the 
primary  and  secondary  coils  has  no  vertical  component 
except  at  the  tops  of  the  coils.  At  the  top,  however,  on 
account  of  the  projecting  turn,  this  force  has  a  vertical 
component  which  tends  to  force  the  low-voltage  coils  up 
and  the  high-voltage  coils  down,  and  whose  value  may 
be  as  high  as  30000  pounds  under  condition  of  short- 
circuit.  The  ventilation  of  the  coils  would  be  seriously 
obstructed  if  they  were  braced  to  resist  a  force  of  this 
magnitude. 

The  second  problem  due  to  the  heavy  currents,  and 
probably  the  most  serious  one,  has  to  do  with  the  low- 
voltage  leads.  There  must  not  be  undue  heating  in 
either  the  leads  or  the  cover.  The  voltage  drop  in  the 
leads  must  not  be  excessive.  There  must  be  no  possi- 
bility of  an  open  circuit  or  an  excessive  resistance  at  the 
point  where  the  leads  which  pass  through  the  cover  join 
the  coil  wires.  All  of  these  requirements  are  illustrated 
by  the  transformer  shown  in  Figs.  2  and  3.  This  trans- 
former has  a  normal  rating  of  6000  k.v.a.,  single-phase, 
25  cycles,  at  a  ratio  of  4400  to  163  volts.  It  is  capable 
of  carrying  8500  k.v.a.  continuously  with  a  temperature 
rise  of  55  degrees  C.  A  voltage  range  from  94.5  to  180 
volts  is  obtained  in  approximately  eight  percent  steps  by 
means  of  taps  in  the  high-voltage  winding.  There  are 
four  groups  of  high-voltage  coils  connected  in  parallel 
and  taps  are  brought  out  from  each  group.  Changes  in 
connections  are  made  by  means  of  knife  switches  on  the 
high-voltage  terminal  board. 

The  low-voltage  winding  consists  of  eight  two-turn 
spiral  coils.  All  of  these  low-voltage  coils  are  to  be  oper- 
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ated  in  parallel,  giving  a  current-carrying  capacity  of 
36800  amperes  normal  and  of  52  000  amperes  at  55  de- 
grees rise.  The  coil  wires  of  each  .lead  are  brought  up 
to  a  point  approximately  two  feet  below  the  oil  level  and 
sweated  in  between  the  two  copper  bars  which  pass 
through  the  cover.  These  bars  are  worked  at  a  consid- 
erably lower  cur- 
rent density  than 
the  winding,  due  to 
the  fact  that  they 
must  dissipate  their 
loss  into  the  dead 
air  space  in  the  top 
of  the  transformer 
and  that,  since  the 
leads  are  so  close 
together,  a  consid- 
erable loss  is  con- 
centrated in  a  small 
volume.  The  low- 
voltage  leads  of 
this  t  r  a  n  s  former 
weigh  appro.xi- 
mately  2200 
pounds.  As  shown 
in  Fig.  2,  they  are 
interlaced  as  they 
come  through  the 
cover,  that  is,  leads 
of  opposite  polarity 
alternate  with  each 
other.  All  of  these 
leads  pass  through 
a  common  slot  in 
the  cover  and  are 
surrounded  by  a  flange  of  non-magnetic  alloy.  The  fur- 
nace leads,  which  go  off  in  a  horizontal  direction,  fit  be- 
tween the  bars  which  come  through  the  cover,  and  there 
are  micarta  blocks  between  leads  of  opposite  polarity.  A 
large  bus-bar  clamp  holds  the  terminal  bars  in  contact 
with  the  leads,  which  have  been  tinned  previously,  and 
are  sweated  at  this  point.  The  distance  of  14  inches 
from  the  lower  side  of  the  furnace  leads  to  the  cover, 
and  the  fact  that  the  leads  are  interlaced  prevents  heat- 
ing of  the  cover  due  to  leakage  flux.  It  is  necessary  in 
some  cases  to  make  a  bolted  connection  between  the  coil 
wires  and  the  bars  which  pass  through  the  cover.  As 
this  connection  is  made  under  oil,  it  is  highly  essential 
that  there  be  ample  contact  area  and  that  the  connection 
be  sweated  before  the  transformer  is  placed  in  service. 

It  is  highly  desirable  that  the  low-voltage  leads  be 
carried  interlaced  to  the  furnace.  In  the  case  of  three- 
phase  furnaces,  if  it  is  at  all  feasible,  the  delta  or  star 
connection  should  be  made  at  the  point  where  the  flexible 
leads  are  attached,  six  or  eight  feet  from  the  furnace. 
If  these  precautions  are  not  taken  it  is  entirely  possible 
that  from  fifty  to  seventy-five  percent  of  the  voltage  of 
the  transformer  may  be  absorbed  in  the  reactance  drop 
in  the  leads.    A  second  beneficial  effect  of  closely  inter- 
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For  electric-furnace  service. 


laced  leads  is  the  great  reduction  in  the  eddy-cu/rent  loss 
which,  without  interlacing,  may  be  as  much  as  the  PR 
loss  due  to  the  load  current.  If  the  leads  are  closely 
interlaced  they  must  be  well  braced  to  withstand  the 
force  of  repulsion  which  comes  when  a  short-circuit 
occurs  at  the  furnace.  The  leads  from  the  6000  k.v.a. 
transformer,  shown  in  Figs.  2  and  3,  to  the  furnace 
consist  of  16  bars,  each  five-eighths  by  ten  inches, 
spaced  1.75  inches  from  center  to  center.  The  maxi- 
mum value  of  the  repulsion  between  leads  of  oppo- 
site polarity  is  6.8  pounds  per  foot  with  normal  current 
flowing,  and  approximately  1850  pounds  per  foot  with 
dead  short-circuit  at  the  furnace.  These  forces  are 
pulsating  and  vary  in  value  from  zero  to  a  maximum 
with  a  frequency  of  twice  the  alternating-current  fre- 
quency. The  weight  of  the  leads  is  very  small  in  com- 
parison with  the  forces  tending  to  move  them,  and  ac- 
cordingly it  is  necessary  to  design  the  bracing  for  the 
maximum  value  of  the  repulsion. 

The  transformer  shown  in  Figs.  4  and  5  illustrates  a 
slightly  different  set  of  problems.  This  transformer, 
which  is  for  outdoor  service,  has  a  normal  rating  of 
3600  k.v.a.,  single-phase,  60  cycles,  at  a  ratio  of  115  000 
to  355  volts,  with  a  temperature  rise  of  40  degrees  C. 
There  are  four  independent  low-voltage  windings,  and 
four  rotary  converters  are  operated  from  a  bank  of  three 
transformers.  The  dift'erent  low-voltage  windings  are 
so  interlaced  with  each  other  and  with  the  high-voltage 
windings  that  the  react- 
ance is  not  excessive, 
even  though  only  one 
converter  is  operating. 
To  further  complicate 
the  design,  it  was  neces- 
sary to  supply  taps  in 
each  low-voltage  wind- 
ing for  60  and  80  percent 
of  normal  voltage.  Due 
to  this  complication,  it 
was  not  possible  to  use 
spiral  coils.  The  prob- 
lem of  bracing  the  coils 
to  withstand  short-cir- 
cuit stresses  is  not  a  seri- 
ous one,  however,  as  the 
reactance  is  high,  due  to 
large  insulation  clear- 
ances necessary  for  the 
primary  voltage.  It  will 
be  seen  in  Fig.  5  that 
there  is  not  room  for  all 
of  the  series  connections 
between  low-voltage 
groups  at  the  top  of  the 

washers,  and  part  of  these  connections  are  made  at  the 
side  of  the  transformer. 

Each  low-voltage  lead  and  tap  is  brought  through 
the  cover  in  two  parts  by  means  of  two  bushings  and 
the  halves  are  subsequently  connected  in  parallel.     The 
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bushings  are  mounted  in  a  non-magnetic  flange.  Tests 
were  made  with  leads  /,  2,  5  and  6  (numbering  from 
left  to  right  in  Fig.  4)  in  the  front  row  and  back  row 


of  one  polarity,  while  leads  //,  12 
row    were    of    opposite    polarity, 
showed  very  high  temperature  ri>L 


15  and  16  in  each 
This    arrangement 

and  the  measured 


FIG.  4 — TOP  VIEW  OF  3600  K.V..\.,  SIN'GLE-PH.\SE,  6o  CYCLE, 
WATER-COOLED   TR-^NSFORMER 

For  heavy-current,  low-voltage  service, 
copper  loss  was  abnormally  high.     The  following  are 
the  results  of  the  temperature  run : — ■ 

Temperature  of  cooling  water  22  degrees 

Temperature  of  hot  oil  64  degrees 

Temperature  of  cover  near  low  -  voltage 

leads   125  degrees  C. 

The  order  in  which  the  low-voltage  leads  are  brought 
up  to  the  terminals  bar  and  through  the  cover  was 
changed  as  follows : — Leads  j,  4,  11  and  12  in  the  front 
row  and  7,  8,  15  and  16  in  the  back  row  are  of  one 
polarity,  while  leads  5,  6,  ij  and  14  in  the  front  row 
and  /,  2,  9  and  10  in  the  back  row  are  of  opposite 
polarity.  This  gave  eftective  interlacing  of  the  leads  of 
opposite  polarity.  The  copper  loss  was  decreased  7000 
watts.  A  considerable  part  of  this  stray  loss  existed  in 
the  cast-iron  cover  and  the  remainder  was  in  the  low- 
voltage  leads.  A  new  temperature  run  showed  the  fol- 
lowing results : — 

Temperature  of  cooling  water  22  degrees 

Temperature  of  hot  oil  48  degrees 

Temperature  of  cover  near  low  -  voltage 

leads  52  degrees 

These  tests  prove  quite  conclusively  the  necessity  of 
interlacing  leads  which  carry  heavy  currents. 

Very  frequently  the  request  is  made  that  the  low- 
voltage  leads  of  a  three-phase  transformer  for  rotarj' 
converter  service  be  brought  out  of  the  transformer  in 
such  order  that  there  will  be  no  crosses  between  the 
transformer  and  the  collector  rings.     This  practice  sep- 


arates the  outgoing  and  incoming  leads  of  each  phase 
(the  leads  of  phase  A  will  connect  to  collector  rings  i 
and  4,  the  leads  of  phase  B  will  connect  to  collector  rings 
2  and  5,  etc.).  As  previously  pointed  out,  the  leads  must 
be  closely  interlaced  in  order  to  obtain  minimum  react- 
ance drop  and  eddy-current  loss,  and  accordingly  there 
is  a  distinct  advantage  in  carrying  the  two  leads  of  each 
phase  out  side  by  side  and  making  the  crosses  under- 
neath the  rotary  converter.  It  usually  works  out  best 
in  transformers  for  large  270  volt  rotary  converters  to 
arrange  the  low-voltage  winding  with  the  two  halves  in 
parallel.  In  this  case  it  is  highly  desirable  to  carry  the 
leads  of  each  phase  interlaced  to  a  point  underneath  the 
rotary  converter  and  there  make  such  crosses  as  may 
be  necessary  to  bring  the  leads  to  the  rings  in  the  correct 
order. 

It  is  not  advisable  to  set  too  close  limits  of  tempera- 
ture rise  on  the  leads  and  bus-bars  for  this  type  of 
service.  A  high  temperature  of  the  low-voltage  leads 
either  at  the  transformer  or  between  the  transformer 
and  the  furnace  or  rotary  converter  in  no  way  endangers 
the  life  of  the  apparatus,  as  mechanical  clearance  will 
always  give  sufificient  insulation.     It  is  possible  in  many 


FIG.  5 — COILS  AND  CORE  OF  TRANSFORMER  SHOWN   IN   FIG.  4 

cases  to  greatly  reduce  the  cost  of  copper  required  for 
low-tension  wiring  if  it  is  allowable  to  go  to  reasonably 
high  temperatures.  This  saving  in  cost  of  copper  can 
be  made  with  a  very  small  increase  in  total  lead  loss,  in 
view  of  the  fact  that  the  eddy-current  loss  is  a  large  per- 
centage of  the  I'-R  loss. 


MciiioJs  of  ^Spocd  Control  aii'l  .'Oynaiaio  .liraking 

H.  D.  James  and  A.  A.  Gazda 

THIS  present  article  describes  the  methods  in  common  use  for  varying  the  speed  of  electric  motors.  These 
methods  will  be  referred  to  later  and  should  be  well  understood  before  proceeding  with  the  more  complicated 
controllers  which  are  to  be  discussed  in  subsequent  sections  in  this  series. — [Ed.] 


DIRECT-CURRENT  VARYING   SPEED   MOTORS 

VARIATIONS  in  the  speed  of  a  direct-current 
motor  can  be  obtained  by  changing  the  voltage 
across  the  motor  brushes.  Usually  this  is  accom- 
plished by  placing  a  resistor  in  series  with  the  armature, 
as  shown  in  Fig.  i.  The  drop  in  voltage  through  the  re- 
sistor is  equal  to  the  resistance  multiplied  by  the  current. 
If  the  line  voltage  remains  constant,  the  speed  of  the 
motor  can  be  varied  by  changing  either  the  ohmic  resist- 
ance or  the  load.  The  characteristic  curves  for  direct- 
current  shunt,  compound  and  series  motors  are  shown 
in  Fig.  2.  Curve  A  is  for  a  shunt  motor.  The  differ- 
ence in  speed  between  full  load  and  no  load  is  caused  by 
the  drop  in  voltage  due  to  the  internal  resistance  of  the 
motor.  The  amount  of  change  in  speed  is  called  the 
regulation  of  the  motor,  which  may  be  expressed  by  giv- 
ing the  speeds  at  no  load  and  full  load  or  as  a  percentage 
change  in  speed.  The  shunt  motor  is  assumed  to  have  a 
constant  field  strength,  and  therefore  the  change  in  speed 
is  small.  If,  however,  a  resistor  is  placed  in  series  with 
the  armature,  a  curve  such  as  AA  is  secured,  which 
shows  considerable  reduction  in  speed  at  full  load,  the 
amount  of  speed  reduction  depending  upon  the  resist- 
ance in  series  with  the  armature.  In  this  case,  it  can 
readily  be  seen  that  the  speed  of  the  motor  depends  upon 
the  load  and  will  vary  with  different  values  of  torque. 
It  is  for  this  reason  that  these  motors  are  called  varying 
speed  motors. 

If  part  of  the  field  winding  is  made  up  of  series 
turns,  the  field  strength  will  increase  with  increased 
torque,  so  that  the  difference  between  no-load  and  full- 
load  speed  is  quite  marked,  as  shown  by  curve  B.  If 
external  resistance  is  used,  a  curve  such  as  BB  is 
secured.  This  curve  can  be  changed  by  varying  the 
amount  of  resistance  in  series  with  the  armature.  Curve 
C  shows  the  regulation  curve  of  a  series  motor.  Theo- 
retically, at  no  load,  there  is  zero  field  strength  and  there- 
fore infinite  speed.  It  is  therefore  necessary  to  have  a 
definite  load  on  a  series  motor  to  prevent  its  running 
away  and  series  motors  should  not  be  used  for  any  appli- 
cations where  the  load  is  reduced  to  a  very  small  value. 
Usually  25  percent  of  full  load  is  required  to  keep  the 
speed  within  safe  limits.  If  a  resistor  is  used  in  series 
with  the  armature,  curve  CC  results,  which  can  be 
varied  by  changing  the  resistor. 

It  will  be  seen  from  these  curves  that  the  series  mo- 
tor is  best  adapted  for  speed  regulation  by  the  use  of 
series  resistance,  the  slope  of  its  curve  being  much 
steeper  than  those  for  the  shunt  or  compound  motor. 


Where  the  load  may  become  very  light  at  times,  it  is 
necessary  to  either  make  a  special  arrangement  for  ener- 
gizing the  series  field,  as  will  be  explained  later,  or  use  a 
compound  motor.  The  curve  for  the  compound  motor 
will  vary  between  that  of  the  series  and  shunt  motor, 


FIG.    I — DIAGRAM   OF   CONNECTIONS   FOR  V.\RYING  THE   SPEED  OF 
DIRECT-CURRENT   MOTORS 

Using  a  resistor  in  series  with  the  armature, 
depending  upon  the  percentage  of  compounding  used. 

With  this  method  of  speed  control,  it  is  necessary  to 
change  the  amount  of  armature  resistance  to  obtain  the 
correct  speed  with  a  changing  load.  This  at  first  sight 
may  seem  to  be  rather  complicated,  but  in  practice  the 
operator  can  move  his  controller  lever  forward  or  back 
until  the  desired  speed  is  obtained. 

Where  it  is  desirable  to  regulate  the  speed  of  the 
motor  within  closer  limits,  the  arrangement  of  resistors 
shown  in  Fig.  3  is  used,  where  RA  is  a  resistor  in  series 
with  the  armature  and  RS  is  a  resistor  in  shunt  with 
the  armature.     This  is  known  as  a  combined  armature 


FIG.   2— CHAR.^CTERISTIC   REGUI..\TI0N   CURVES  OF 
DIRECT-CURRENT  MOTORS 

Using  the  series  resistor  scheme  of  Fig.  i. 
series  and  shunt  resistance  control.  If  RS  has  a  very  low 
ohmic  resistance,  the  speed  of  the  armature  can  be  held 
at  a  low  value  throughout  its  range  of  load.  Fig.  4 
shows  the  various  curves  for  this  arrangement.  Curve 
I  is  the  armature  current.  Curve  2  is  the  line  current, 
and  curve  5  is  the  shunt  current  passing  through  the 
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resistor  RS.  Curve  4  is  the  speed-current  curve  for  the 
motor  connected  directly  to  the  hne.  It  can  be  seen  from 
these  curves  that  the  motor  performance  is  somewhat 
similar  to  a  badly  regulated  shunt  motor.  At  no  load, 
the  series  field  obtains  current  through  the  resistors  RA 
and  RS  so  that  the  speed  of  the  motor  has  a  fixed  value. 
The  speed  can  be  changed  by  varying  either  RA  or 
RS.  Sometimes  both  are  changed  simultaneously.  In 
figuring  the  speeds  obtained  with  this  arrangement,  the 
circuit  is  rather  complicated  and  the  problem  can  be 
simplified  by  drawing  curves  similar  to  the  ones  shown 
in  Fig.  4.  Two  points  in  these  curves  can  readily  be 
determined.  The  armature  and  line  current  can  be 
found  for  zero  load  and  for  zero  speed.    The  shunt  cur- 


FIG.    3 — DIAGRAM    OF    CONNECTIONS    FOR    SPEED   REGULATION 

Using  the  combined  series  and  shunt  resistance  control  method. 
rent  in  resistor  RS  can  be  figured  from  these  two 
values. 

DIRECT-CURRENT    ADJUSTABLE    SPEED    MOTORS 

Neglecting  the  internal  resistance  of  the  armature 
and  assuming  that  the  number  of  conductors  on  the 
armature  is  fixed,  the  speed  of  the  motor  will  depend 
upon  the  strength  of  the  field,  providing  a  constant 
voltage  is  maintained  across  the  armature  brushes.  If 
the  motor  is  shunt  wound  and  a  rheostat  is  placed  in 
series  with  the  field  winding  the  current  can  be  changed 
and  the  motor  caused  to  operate  at  different  speeds. 
The  speed  of  the  motor  will  be  practically  constant  for 
whatever  value  the  rheostat  is  adjusted  and  will  not  vary 
under  changing  loads.  For  this  reason,  the  motor  is 
called  an  adjustable  speed  motor.  There  will  be  a  small 
change  in  speed  between  no  load  and  full  load,  due  to 


Motoring  Current 


FIG.    4 — CHARACTERISTIC    CURVES    OF    DIRECT-CURRENT    MOTORS 

Using  the  control  scheme  of  Fig.  3. 
the  drop  through  the  armature  resistance.  This  change 
in  speed,  however,  is  usually  negligible  for  most  appli- 
cations. The  amount  of  speed  range,  which  can  be  ob- 
tained on  a  given  motor,  depends  upon  the  iron  in  the 
magnetic  circuit.  The  slowest  speed  is  obtained  with 
the  maximum  field   strength.     This   field   strength,   of 


course,  is  limited  when  the  iron  in  the  magnetic  circuit 
becomes  saturated.  The  maximum  speed  is  obtained 
with  the  weakest  permissible  field  strength.  This  can 
be  reduced  only  a  limited  amount,  as  sufficient  field  must 
remain  to  give  stable  operation  of  the  motor.  To  obtain 
a  wide  speed  range  by  field  control  involves  considerable 
expense  in  the  motor  and  usually  a  maximum  of  four  to 
one  is  all  that  is  attempted  commercially. 

For  many  applications,  the  combination  of  armature 
resistance  and  field  control  is  used.  The  slow  speeds  are 
often  required  only  for  short  intervals  of  time  or  at 
reduced  loads,  so  that  the  loss  in  armature  resistance  is 
small. 

DIRECT-CURRENT  MOTOR  VOLTAGE  CONTROL  SYSTEM 

If  a  separate  generator  is  provided  for  each  motor, 
the  speed  of  the  motor  may  be  altered  by  changing  the 
field  strength  of  the  generator.  This  alters  the  voltage 
of  the  generator  and  the  motor  has  a  speed  correspond- 
ing to  the  generator  voltage.  The  generator  field  may  be 
reversed  to  reverse  the  rotation  of  the  motor.  Very 
slow  speeds  can  be  obtained  and  the  speed  remains  fairly 
constant  between  no  load  and  full  load.  This  method  of 
control  is  used  principally  for  large  motors  of  several 
hundred  horse-power,  and  is  particularly  adapted  for 
reversing  service,  such  as  for  large  mine  hoists  and  re- 
versing steel  mills.  The  controller  is  small  and  inexpen- 
sive, as  only  the  field  current  of  the  generator  is  manipu- 
lated. It  is  the  practice  to  connect  the  generator  and 
motor  armatures  in  a  closed  circuit  provided  with  a  sin- 
gle overload  circuit-breaker,  which  is  opened  only  in 
cases  of  emergency. 

Sometimes  this  arrangement  of  control  is  combined 
with  a  motor  having  a  two  to  one  speed  range,  so  that 
higher  speeds  can  be  obtained  for  certain  operations. 
The  initial  cost  of  this  combination  is  less  than  for  the 
constant  speed  motor,  as  it  does  not  add  a  great  deal  to 
the  cost  of  the  motor  to  obtain  the  additional  increase  in 
speed,  and  a  smaller  generator  can  be  used  than  if  the 
entire  speed  range  were  obtained  by  varying  the  gener- 
ator voltage. 

ALTERNATING-CURRENT   VARYING   SPEED   MOTORS 

The  relation  between  the  speed  and  torque  of  an 
induction  motor  having  a  wound  secondary  with  collec- 
tor rings  is  shown  in  Fig.  5.  When  the  collector  rings 
are  short-circuited,  the  speed  of  the  motor  decreases 
very  little  from  no  torque  to  the  maximum  torque. 
When  this  point  is  reached,  the  speed  of  the  motor  drops 
abruptly  and  continues  to  decrease  until  zero  speed  is 
reached.  If,  however,  the  torque  is  sufficiently  reduced, 
the  motor  will  again  increase  in  speed  until  it  is  very 
close  to  full  speed.  The  curve  shows  that  there  is  a 
maximum  torque,  which  the  motor  is  capable  of  exert- 
ing and  that,  if  this  torque  is  exceeded,  the  motor  will 
stop.  This  maximum  torque  is  usually  called  the  "pull- 
out  torque"  of  the  motor.  The  drop  in  speed  from  no 
load  to  maximum  load  is  small  and  compares  with  that 
of  the  direct-current  shunt  motor.  This  drop  in  speed  is 
due  to  the  internal  resistance  of  the  motor. 
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If  resistance  be  introduced  in  the  secondary  circuit 
of  the  motor,  the  slope  of  the  speed  curve  is  increased, 
so  that  the  difference  in  speed  between  no  load  and 
maximum  load  is  considerable,  as  shown  in  curve  2. 
Sufficient  resistance  can  be  used  to  bring  the  speed  to 
zero  at  the  maximum  torque,  as  shown  in  curve  J.  With 
a  still  further  increase  in  resistance  of  the  secondary, 
curve  4  results.    These  curves  are  typical,  and  any  par- 
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FIG.    5 — TYPICAL   SPEED-TORQUE  CURV^ES   OF   A    WOUND-ROTOR 
INDUCTION    MOTOR 

Obtained  by  varying  the  resistance  of  the  secondary  circuit, 
ticular  curve  desired  can  be  obtained  by  adjusting  the 
resistance  in  the  secondary  circuit  of  the  motor.  If  a 
controller  is  arranged  for  varying  the  resistance  in  the 
secondary  of  the  motor,  the  speed  of  the  motor  can  be 
adjusted  to  any  required  value  at  a  given  torque.  The 
speed,  however,  will  change  with  the  torque,  and  for  that 
reason  the  motor  is  called  a  "varying  speed  motor." 

When  the  motor  is  started  from  rest  it  may  not  com- 
mence to  rotate  on  the  lirst  notch  of  the  controller,  and 
the  operator  will  therefore  move  the  controller  handle 
to  reduce  the  resistance  in  the  secondary ;  this  reduction 
of  resistance  will  increase  the  starting  torque  by  chang- 
ing the  shape  of  the  curve  up  to  the  point  of  maximum, 
as  shown  in  curve  j.  If  the  resistance  is  reduced  still 
further,  the  current  will  increase,  but  the  torque  will 
decrease,  as  shown  in  curves  2  and  /.  It  will  therefore 
be  seen  that  care  must  be  exercised  in  starting  these 
motors  under  heavy  load  to  prevent  reducing  the  resist- 
ance in  the  secondary  beyond  the  value  for  maximum 
torque. 

The  speed  of  the  motor  at  no  load  is  called  the  syn- 
chronous speed.  When  the  motor  is  loaded  the  actual 
speed  of  the  motor  is  less  than  the  synchronous  speed. 
This  difference  in  speed  is  called  the  "slip"  of  the  motor. 
The  curves  show  that  this  slip  in  speed  is  dependent 
upon  the  resistance  in  the  secondary  circuit. 

The  torque  of  the  motor  is  proportional  to  the  square 
of  the  voltage.  A  reduction  of  lo  percent  in  voltage  re- 
duces the  torque  to  8i  percent  of  its  maximum  value,  or 
the  pull-out  torque  of  the  motor  is  reduced  from  the 
dotted  line  B  in  Fig.  5  to  the  dotted  line  A.  The  speed 
torque  curve  of  the  motor  with  short-circuited  sec- 
ondary and  90  percent  normal  voltage  is  shown  by  the 


dotted  curve  5.  Thus  the  output  of  a  crane  or  hoist  is 
often  seriously  affected  by  poor  voltage  regulation.  It 
may  happen  that  when  the  voltage  regulation  is  poor  the 
motor  will  fail  to  start  its  maximum  load  from  rest. 

If  the  motor  is  provided  with  a  high-resistance  sec- 
ondary, as  shown  in  Fig.  6,  curve  /,  which  is  a  speed 
torque  curve  similar  to  curve  5  in  Fig.  5,  the  speed  of 
the  motor  may  be  regulated  by  reducing  the  primary 
voltage,  as  shown  in  Fig.  6,  curves  2,  5  and  4.  This 
method  has  been  employed,  but  has  the  disadvantage  of 
giving  reduced  torques  at  decreased  voltages.  Usually 
the  motor  is  required  to  exert  as  much  torque  at  the  slow 
speed  as  at  the  high  speed,  and  therefore  this  method  is 
seldom  used.  The  method  in  universal  use  at  present 
for  varying  the  speed  of  induction  motors  is  to  maintain 
the  primary  voltage  constant  and  change  the  resistance 
in  the  secondary  of  the  motor. 

There  are  several  other  methods  of  controlling  the 
speed  of  the  slip-ring  induction  motor,  some  of  which 
are  applicable  only  to  large  motors.  They  consist  in  con- 
necting the  slip  rings  of  the  motor  to  some  source  of 
voltage  supply,  the  voltage  and  frequency  of  which 
can  be  varied.  These  methods  of  control  are  not  yet 
in  common  use,  and  as  they  are  complicated  they  will 
not  be  considered  in  this  section. 

ALTERNATING-CURRENT  ADJUSTABLE  SPEED   MOTORS 

The  best-known  means  at  present  for  adjusting  the 
speed  of  alternating-current  motors  is  to  change  the 
number  of  poles  in  the  primary.  Quite  frequently 
motors  are  built  having  two  sets  of  poles,  one  set  giving 
high  speed  and  one  set  slow  speed.  Usually  these  motors 
are  provided  with  squirrel-cage  secondaries,  but  slip- 
ring  motors  also  have  been  built  of  this  type,  particu- 
larly for  elevator  and  hoist  work.  The  controller  con- 
sists  of   a   double-throw   switch   or   its   equivalent    for 


FIG.   6 — TYPICAL   SPEED-TORQUE  CURVES   ON   A   SQUIRREL-CAGE    MOTOR 

Obtained  by  primary  voltage  control, 
changing  the  connections  of  the  motor  primary,  so  as  to 
give  the  desired  number  of  poles. 

Another  method,  which  is  equivalent  to  changing 
the  number  of  poles,  consists  in  connecting  two  motors 
in  cascade,  the  secondary  of  the  first  motor  being  con- 
nected to  the  primary  of  the  second,  as  shown  in  Fig.  7. 
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The  first  motor  is  wound  with  six  poles  and  the  second 
motor  with  four  poles.  These  motors  can  be  connected 
together,  so  that  they  have  a  combined  speed  equivalent 
to  the  sum  or  difference  of  the  poles,  which  would  be  a 
ten-pole  or  a  two-pole  speed.  Either  motor  can  be  oper- 
ated separately  as  a  six-pole  or  a  four-pole  motor.  With 
this  combination  it  is  possible  to  get  a  speed  equivalent 
to  two,  four,  six  and  ten  poles.  It  is  necessary  that  both 
motors  be  mounted  upon  a  common  shaft  or  rigidly 
coupled  together.    Arrangements  of  this  kind  have  been 
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FIG.   7 — CASCADE  CONNECTION   OF  INDUCTION    MOTORS 

For  speed  regulation, 
used    in    a    number    of    cases,    particularly    with    large 
motors. 

A  special  condition  of  operation  exists  in  the  slip- 
ring  type  of  induction  motor  when  one  phase  of  the  sec- 
ondary circuit  is  open.  This  gives  a  single-phase  circuit 
only  in  the  secondary,  and  the  motor  operates  at  ap- 
proximately half  speed  over  quite  a  range  of  load.  The 
explanation  of  this  is  shown  in  Fig.  8.  Curve  i  repre- 
sents the  standard  speed-torque  curve  set  up  by  the 
primary,  and  curve  2  the  speed-torque  curve  of  the 
single-phase  secondary.  Curve  j  is  the  resultant  of  / 
and  2.  As  curve  2  passes  through  zero  it  approaches  a 
horizontal  position,  and  therefore  a  slight  change  in  the 
speed  of  the  motor  results  in  a  considerable  change  in 
torque,  which  tends  to  maintain  the  speed  constant  at 
this  value.  If  the  motor  is  started  from  rest  and  the  load 
is  not  too  heavy  it  will  accelerate  to  half  speed,  and 
remain  approximately  at  this  speed  unless  the  external 
torque  is  less  than  the  value  shown  by  the  dotted  line  A. 
If  the  torque  is  less  than  this  value,  the  motor  will 
continue  to  accelerate  on  the  upper  part  of  curve  5 
and  approach  full  speed.  After  the  motor  has  reached 
the  upper  part  of  curve  5  it  will  not  again  be  brought  to 
half  speed  unless  the  primary  circuit  is  first  opened, 
thus  allowing  the  motor  to  drop  down  below  half  speed. 
However,  the  motor  will  stop  if  the  load  exceeds  the 
dotted  line  B.  The  value  shown  by  the  dotted  line  A 
depends  upon  the  secondary  resistance  of  the  motor  and 
a  number  of  other  factors.  This  arrangement  of  speed 
control  might  be  applicable  for  fans  where  the  torque 
depends  largely  upon  the  speed. 

D1'N.\MIC    BR.\KING 

Direct-current  motors  are  sometimes  operated  as 
generators  in  order  to  bring  the  motor  to  rest.  This 
method  of  braking  is  usually  referred  to  as  dynamic 
braking.  The  field  of  the  motor  is  excited  in  a  positive 
manner  and  the  armature  is  connected  in  a  closed  circuit 
through  external  resistance.  The  stored  energy  of  the 
rotating  part  of  the  motor  and  the  load  is  dissipated  as 


heat  in  this  external  resistance.  The  torque  exerted  by 
the  motor  is  equal  to  the  field  strength  multiplied  by  the 
armature  current.  If  a  load  is  being  lowered  by  means 
of  dynamic  braking,  the  speed  of  the  motor  can  be  ad- 
justed by  changing  either  the  field  strength  or  the  resist- 
ance in  series  with  the  armature.  The  latter  method  is 
usually  employed.  Sometimes,  as  in  the  case  of  crane 
controllers  using  series  motors,  a  combination  of  both 
armature  and  field  control  is  used,  as  will  be  explained 
later.  Where  shunt  and  compound-wound  motors  are 
used  no  special  provision  needs  to  be  made  for  energiz- 
ing the  field.  A  series  motor  usually  has  its  field  con- 
nected across  the  line  through  a  fixed  resistance,  in  order 
to  insure  a  positive  field  when  using  the  dynamic  brake. 

As  the  braking  torque  depends  upon  the  voltage  gen- 
erated by  the  armature,  the  value  of  the  torque  reduces 
quite  rapidly  as  the  motor  approaches  slow  speed  and, 
unless  there  is  considerable  friction  in  the  load,  it  is  nec- 
essary to  provide  a  mechanical  brake  for  bringing  the 
load  to  a  positive  stop.  The  advantage  of  the  dynamic 
brake  is  in  reducing  the  wear  and  tear  on  the  mechanical 
brake,  as  most  of  the  energy  of  the  moving  load  can  be 
absorbed  through  dynamic  braking,  allowing  only  a 
small  amount  of  energy  to  be  absorbed  by  the  mechanical 
brake  through  friction.  The  extra  work  done  by  the 
motor  during  dynamic  braking  must  always  be  taken 
into  consideration  when  determining  the  size  of  motor 
that  is  required  for  applications  where  dynamic  braking 
is  frequent.  Controllers  are  often  provided  with  a 
dynamic  brake  for  emergency  purposes.  Where  the 
motor  is  stopped  infrequently,  the  heating  efTect  of  the 
dynamic  brake  need  not  be  considered. 

The  only  practical  method  of  obtaining  dynamic 
braking  with  induction  motors  is  to  supply  the  primary 
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FIG.  8 — TYPICAL  SPEED-TORQUE  CURVES  OF  A  POLYPHASE  MOTOR 

Having  a  single-phase  secondary  winding. 

of  the  motor  with  direct  current.  This  gives  a  sta- 
tionary field,  which  produces  a  voltage  in  the  rotating 
element  of  the  motor.  This  voltage  will  cause  a  current 
to  flow  through  a  resistance  connected  to  the  slip  rings 
of  the  motor  and  thus  produce  a  dynamic  braking  effect 
similar  to  that  obtained  with  a  direct-current  motor. 
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THE  use  of  electric  power  in  various  industries, 
aside  from  purely  mechanical  purposes,  is  increas- 
ing in  a  very  marked  degree.  Possibly  the  great- 
est development  has  been  in  the  use  of  electric  energy 
for  supplying  heat  for  the  performance  of  chemical  re- 
actions and  metallurgical  processes,  and  in  electrolytic 
processes  for  manufacturing  chemicals  and  extracting 
metals.  Another  promising  field  for  the  increased  use 
of  electricity  is  in  connection  with  electric  ovens  for 
heating,  annealing  and  tempering. 

These  applications  of  power  involves  two  general 
processes,  viz.,  electrothermal  and  electrolytic.  In  the 
electrothermal  processes  the  current  is  used  as  a  source 
of  heat,  and  the  fundamental  diiiferences  between  the 
various  types  of  electric  furnaces  depend  on  the  man- 
ner in  which  the  current  is  applied.  In  the  electrolytic 
processes  an  electric  current  is  used  for  depositing 
metals  from  chemical  solutions  or  for  liberating  gases. 
The  material  treated  may  form  the  electrolyte;  it  may 
form  either  the  anode  or  the  cathode ;  or  it  may  be  in 
contact  with  either. 

In  electrolytic  work  the  development  has  kept  pace 
with  the  electric  furnaces,  and  large  blocks  of  power  are 
used  in  such  processes.  As  an  example  the  electrolytic 
alkali  process  for  producing  chlorine  compounds  and 
caustic  soda  has  supplanted  the  older  processes  almost 
entirely,  and  thousands  of  horse-power  are  used  for  this 
process  alone.  Caustic  soda  is  used  extensively  in  the 
manufacture  of  soap,  in  making  artificial  silk,  mercer- 
izing cotton,  refining  oil,  and  manufacturing  dyes,  ex- 
plosives, etc.  From  caustic  soda  is  made  metallic  sodium, 
and  this  is  used  in  the  manufacture  of  cyanide,  which  is 
used  extensively  in  the  mining  industry.  From  sodium 
is  made  also  sodium  peroxide,  and  this  is  in  turn  trans- 
formed into  hydrogen  peroxide,  used  extensively  for 
medical  and  purifying  purposes.  Chlorine  is  used  ex- 
tensively as  a  bleach  for  pulp,  paper  and  textiles.  These 
few  examples  give  only  an  idea  of  the  scope  of  this 
one  phase  of  the  industry,  some  of  the  compounds  which 
are  made,  and  the  relation  between  them. 

Electricity  was  first  made  use  of  as  a  source  of  heat 
for  commercial  purposes  by  Siemens  in  1882.  Three 
years  later  the  Messrs.  Cowles  invented  a  furnace  for 
making  aluminum  and  various  other  materials.  In  1886 
Paul  Heroult  and  C.  M.  Hall  patented  processes  inde- 
pendently of  each  other  for  making  aluminum.  In  1893 
Wilson  developed  a  furnace  for  making  calcium  carbide, 
followed  by  Dr.  Acheson  in  1896  for  a  carborundum  fur- 
nace. In  1898  Stassano  brought  out  an  arc  furnace  for 
smelting  ores.  In  1900  ferro-alloys  were  first  made  in 
the  electric  furnaces.  Later,  steel  was  made  by  Heroult 
in  France,  and  Kjellin  in  Sweden,  under  patents  taken 
out  in  1900.  In  1906  extensive  experiments  were  made 
in  Sweden  in  reducing  iron  ores.     These  developments 


have  been  carried  on  until  now  electricity  is  used  not 
only  in  metallurgy,  but  in  electrochemistry. 

As  the  electrothermal  process  involves  the  generation 
of  heat,  under  it  are  included  the  various  types  of  elec- 
tric furnaces.  The  electric  furnace  is  not  a  competitor 
of  the  combustion  furnace,  but  has  been  adopted  in  pref- 
erence to  the  older  methods,  due  to  its  greater  advan- 
tages. The  electric  furnace  permits  of  the  use  of  higher 
temperatures  than  can  be  obtained  in  the  combustion 
furnace,  and  has  opened  up  developments  not  possible 
with  the  older  types.  It  is  particularly  adapted  to  the 
production  of  such  elements  as  in  themselves  constitute 
the  walls  and  lining  of  the  furnace,  thereby  effecting  a 
large  saving  in  linings,  crucibles,  etc.  The  amount  of 
heat  generated  depends  on  the  current  flowing,  but  in 
practice  it  is  limited  by  the  melting  point  of  the  refrac- 
tories or  conducting  materials. 

Electric  furnaces  may  be  classified  according  to  the 
character  of  the  medium  constituting  the  conductor  as 
follows : — 

.\ — Resistance  furnaces,  in  which  the  heat  is  developed  by  the 
passage  of  current  through  a  resistance. 
I — Those  with  a  special  resistor. 

a — Furnaces  in  which  the  charge  constitutes  the  resist- 
ance, as  in  carborundum  furnaces, 
b — Furnaces  in  which  the  heat  is  developed  in  a  core  or 
tube  of  conducting  material,  this  heat  being  in  turn 
communicated   to   the   surrounding   or   enclosed   ma- 
terials that  constitute  the  charge,  either  with  or  with- 
out a  wall  between  the  source  of  heat  and  the  charge. 
2 — Those   without  a  special   resistor,  in  which  the  charge 
constitutes  the  resistance, 
a — Furnaces  in  which  electrolysis  is  not  employed. 

I — Those  in  which  the  charge  is  melted,  but  remains 

in  solid  condition,  as  in  graphite  furnaces. 
2 — Those  in  which  the  charge  is  added  in  a  solid  con- 
dition, but  subsequently  becomes  liquid,  as  in  ore- 
smelting  furnaces. 
3 — Those  in   which   the  charge   is  added  in   a  liquid 
condition, 
b — Combined  heating  and  electrolytic  furnaces,  such  as 
those  used  in  the  production  of  aluminum. 
3 — Induction  furnaces. 

B — Arc  furnaces,  in  which  the  heat  is  developed  by  the  passage 
of  current  between  electrodes  in  the  form  of  arcs. 

I — Those  with  an  independent  arc,  that  is,  those  in  which 
the  arc  is  drawn  between  two  or  more  electrodes  in  the 
vicinity  of  the  material  to  be  treated. 

2 — Those  with  a  direct-heating  arc,  that  is,  those  in  which 
the  arc  is  maintained  between  one  or  more  carbon  elec- 
trodes and  the  material  to  be  treated,  the  latter  acting  as 
one  of  the  electrodes. 

3 — Furnaces  for  the  fixation  of  atmospheric  nitrogen,  in 
vifhich  air  is  brought  into  contact  with  the  arc  to  form 
nitrous  oxide. 

RESISTANCE-TYPE  FURNACES 

A  resistor  is  a  substance  which  offers  resistance  to 
the  passage  of  electric  current,  and  in  doing  so  develops 
heat.  This  resistor  can  be  either  solid  or  liquid,  but  is 
usually  either  carbon  or  some  of  the  metals.  A  still 
different  type  of  resistor  consists  of  materials  which  in 
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themselves  are  conductors  of  electricity  only  when  hot, 
in  which  case  preheating  of  the  resistor  material  is  nec- 
essary. 

An  example  of  the  solid  resistor  type  of  furnace 
developing  heat  in  the  charge  itself  is  the  Acheson 
graphite  furnace.  This  furnace  is  used  to  convert 
anthracite  coal  into  bulk  graphite.  As  shown  in  Fig.  i, 
it  consists  of  a  long  trough.     The  base  b  and  the  end 


Furnaces  in  which  a  current  is  passed  through  a 
liquid-conducting  medium  are  of  two  types — electrolytic 
and  non-electrolytic.  The  Heroult  arc  type  of  steel  fur- 
nace, Fig.  4,  with  molten  charge,  is  an  illustration  of  the 
non-electrolytic-type  furnace.  Heat  is  generated  by  the 
passage  of  current  between  the  electrodes  through  the 
molten  slag  and  metal.     This  furnace  is  somewhat  sim- 
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FIG.    I — ACHESON   GRAPHITE  FURN.^CE 

walls  a  are  permanent ;  but  the  side  walls  d  are  tem- 
porary and  can  be  torn  down  after  a  run.  The  carbon 
rods  c  serve  to  carry  the  current  until  the  charge  is 
heated.  These  rods  act  as  a  core  and  are  connected  at 
each  end  to  an  electrode  consisting  of  several  graphite 
rods  e  set  in  carbon  blocks.  The  charge  of  anthracite 
coal  g  is  banked  around  the  carbon  rod,  and  over  this 
is  placed  material  which  is  a  poor  conductor  of  heat  and 
electricity. 

A  furnace  developing  heat  in  a  core,  such  as  is  used 
in  heating  and  drying  ovens  for  tempering,  annealing, 
etc.,  is  shown  in  Fig.  2.  In  this  type  of  furnace  the  heat 
is  developed  in  a  core  or  in  the  walls  of  the  furnace  and 
radiated  to  the  charge  within.  A  wire  of  high  resistance 
is  wrapped  around  the  tube  t,  consisting  of  a  highly 
refractory  material,  and  the  charge  is  placed  within  the 
tube,  which  forms  the  walls  of  the  furnace.  The  heat 
developed  depends  upon  the  amount  of  current  flowing 
and  can  be  controlled  by  an  external  rheostat.  Some- 
times the  wire  is  embedded  in  the  refractory  material, 
forming  the  inner  surface  and  often,  in  place  of  a  wire, 
carbon  or  graphite  tubes  are  so  arranged  as  to  form  a 
continuous  conductor,  which  in  themselves  form  the 
inner  walls  of  the  oven. 


Fir,.  3 — ACHESON  CARBORUNDUM   FURNACE 

ilar  to  an  open-hearth,  wherein  the  heat  is  applied  above 
the  metal  by  the  electric  current  in  the  shape  of  an  arc. 
The  furnace  consists  of  a  steel  shell,  usually  circular 
in  shape,  and  lined  with  a  suitable  refractory  material, 
being  provided  with  a  removable  top,  through  which  the 
electrodes  pass,  and  with  suitable  charging  and  working 
doors  and  spouts  for  pouring  the  metal.  The  entire  shell 
is  tilted  when  pouring  a  charge.  Flexible  cable  leads 
connect  the  electrodes  to  the  transformers.  The  elec- 
trodes project  down  vertically  and  the  arc  is  formed  be- 
tween the  electrodes  and  the  bath  of  metal.  The  heat  is 
generated  by  the  arc  between  the  electrodes  and  by  the 
passage  of  the  current  through  the  layers  of  slag  and 
molten  metal.  The  furnace  is  built  for  operation  on  a 
three-phase    alternating-current    circuit    and     employs 


FIG.   2 — ELECTRICALLY-HEATED   TUBE    FURNACE 

An  example  of  a  furnace  with  direct  contact  between 
the  core  and  the  charge  is  the  Acheson  carborundum 
furnace  shown  in  Fig.  3.  In  this  furnace  the  bottom 
and  ends  are  permanent.  Terminals  consist  of  bundles 
of  carbon  rod  c,  and  between  them  is  broken  carbon, 
which  acts  as  a  resistor  and  heats  the  charge.  This 
charge,  of  coke,  sand,  sawdust  and  salt,  is  placed  around 
the  core,  and  is  not  a  good  conductor  of  electricity  when 
cold,  so  that  the  heating  must  be  effected  initially  by 
means  of  the  core  of  broken  carbon.  The  mixture  of 
coke,  sand,  etc.,  conducts  current  when  hot  and  serves 
as  a  supplementary  resistor. 


FIG.   4— HEROULT   THREE-PHASE   RESISTANCE   AND   ARC   FURNACE 

Showing  tilting  mechanism, 
three   electrodes.      These    electrodes    are    automatically 
controlled  by  a  regulator  operating  in  conjunction  with 
a  motor-driven  hoisting  mechanism.    A  suitable  motor  is 
used  for  tilting  the  furnace. 
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Of  the  electrolytic  type  of  resistance  furnace,  the 
best  examples  are  the  furnaces  of  Hall  and  Heroult  for 
making  aluminum.  Here  heating  and  reduction  of  the 
metal  from  the  ore  take  place  at  once.  While  aluminum 
is  one  of  the  most  abundant  elements  making  up  the 
earth's  crust,  only  a  few  ores  are  available  for  the  pro- 


FIG.  5 — RENNERFEt,T  THRIiE-PH.\SE  ARC  FL'RN.ACE 

cess,  beauxite  being  most  suitable.  The  beauxite  is  first 
purified  by  being  treated  either  by  the  lime  process  or  by 
the  electric  furnace  process.  It  is  then  charged  into  an 
electric  furnace  containing  a  bath  of  cryolite  or  a  mix- 
ture of  aluminum  fluoride  with  the  fluoride  of  another 
metal.  The  bath  is  kept  molten  by  the  heat  generated  by 
the  passage  of  the  direct  current.  The  alumina  is  de- 
composed into  aluminum  and  oxygen  by  the  electrolyzing 
action  of  the  current. 

INDUCTION    FURNACES 

In  the  induction-type  of  furnace,  the  bath  of  metal  is 
heated  by  inducing  a  current  in  it.  In  its  simplest  form 
it  merely  consists  of  a  transformer  with  short-circuited 
secondary  formed  by  the  molten  bath.  In  the  Kjellin 
type,  the  primary  winding  is  placed  around  the  core  and 
within  a  cylinder  made  of  refractory  material,  which  is 
either  cooled  by  water  circulation  or  forced  draught. 
Beyond  the  windings  there  is  an  annular  hearth,  which 
contains  the  conducting  molten  metal  and  acts  as  a  single 
turn  of  the  secondary  winding.  If  the  current  is  passed 
through  the  primary  winding,  the  current  is  induced  in 
the  bath  of  metal  in  the  hearth,  which  heats  the  metal, 
and  practically  the  entire  amount  of  electrical  energy  is 
converted  into  heat.  The  Frick  furnace  is  similar  to 
Kjellin,  except  the  windings  are  located  above  the  an- 
nular hearth.  In  this  furnace  there  are  no  side  doors, 
and  the  operations  are  regulated  by  means  of  covers, 
which  can  be  lifted  off  the  annular  hearth,  section  by 
section.  This  peculiar  shape  of  the  hearth  prevents  the 
removal  or  charging  of  slag,  hence  the  furnace  is  only 
adaptable  where  fairly  pure  materials  are  melted. 


ARC    FURNACES 

Arc  furnaces  of  the  independent  arc  type  are  repre- 
sented by  the  Stassano  and  Rennerfelt  furnaces,  the 
latter,  shown  in  Fig.  5,  being  typical.  This  furnace  has 
two  electrodes  which  enter  the  furnace  at  the  side,  and 
one  from  the  top  which  extends  vertically  downward. 
These  electrodes  are  located  directly  above  the  metal  in 
the  middle  of  the  hearth,  and  the  bath  of  metal  is  heated 
by  the  direct  rays  of  the  arc.  The  vertical  electrode 
causes  the  arc  to  be  directed  downward  on  the  charge. 
The  furnace  is  provided  with  suitable  charging  doors 
and  spot  for  pouring  and  with  suitable  tilting  mechan- 
ism for  pouring  the  charge. 

Furnaces  in  which  the  arc  is  formed  between  one  or 
more  electrodes  and  the  charge  are  represented  by  the 
Girod,  Gronwall,  Snyder,  etc.  In  the  Girod  three-phase 
furnace.  Fig.  6,  there  are  four  upper  carbon  electrodes ; 
two  of  these  are  each  connected  to  a  phase,  while  the 
other  two  are  connected  together,  for  the  third  phase, 
and  the  hearth  is  so  connected  as  to  form  the  neutral 
point  of  the  system.  In  the  single-phase  furnace  the 
electrodes  are  connected  to  one  side  of  the  circuit  and 
the  hearth  itself  forms  the  other. 

As  a  smelting  propsition,  the  electric  furnace  has 
been  used  to  a  limited  degree  in  the  smelting  of  iron  ores 
where  the  conditions  are  favorable.  The  furnaces  are 
of  the  shaft  type  and  apparently  are  limited  to  localities 
where  there  is  an  abundance  of  charcoal  and  cheap  elec- 
tric power.  This  process  is  of  particular  importance  to 
the  western  states. 

One  furnace  of  this  type  has  been  installed  in  this 
country.  It  consists  of  rectangular  steel  crucible  shell 
lined  with  a  refractory  material,  and  having  a  sloping 
bottom  to  facilitate  the  flow  of  the  molten  bath.  The 
roof  of  the  furnace  is  penetrated  by  five  stacks  extend- 
ing fifteen  feet  above  the  roof  of  the  crucible,  which  are 


FIG.  6— GIROD  THREE-PH.\SE  ARC  FURNACE 

used  only  for  charging,  no  reduction  being  attempted  in 
them.  In  the  four  spaces  between  the  stacks  are  inserted 
graphite  electrodes.  The  operation  of  the  furnace  is 
continuous ;  charging  is  done  at  regular  intervals,  but 
the  current  is  never  shut  off  during  operation.  The 
hearth  becomes  filled  with  molten  metal  after  an  eight- 
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IG.  7 — SIEMENS   SINCLK- 
PHASE  ARC   FURNACE 


hour  operating  period,  and   therefore   is  tapped   three 
times  a  day. 

The  smelting  of  copper,  tin,  lead,  gold,  silver  and 
zinc  ores  in  the  electric  furnace  offers  an  inviting  field 
for  experimentation.  Some  of  these  ores  are  now 
smelted  on  a  commercial  scale,  and  undoubtedly  pro- 
cesses will  be  developed  whereby  it  will  be  commercially 
possible  to  profitably  smelt  them 
all.  As  the  field  of  iron  ore 
smelting  is  limited,  the  same 
thing  may  be  true  also  of  the 
above-mentioned  ores,  but  with 
cheaper  power — either  by  water- 
power  development  or  by  the  use 
of  larger  steam  turbines  advan- 
tageously located  as  regards  coal 
supply — it  may  be  more  advan- 
tageous to  use  electric  heating 
than  the  heat  from  combustion  furnaces. 

.\nother  held  for  the  electric  furnace  is  in  the  pro- 
duction of  ferro-alloys.  There  is  a  large  demand  for 
alloys  which  are  primarily  used  for  introducing  a  par- 
ticular element  into  the  manufacture  of  iron  and  steel. 
Ferro-alloys  should  contain  a  low  percentage  of  carbon 
and  impurities  and  a  high  percentage  of  the  element,  and 
should  be  of  uniform  composition.  Previous  to  1900, 
when  the  electric  furnace  was  first  used,  all  ferro-alloys 
were  made  by  the  blast  or  crucible  process.  The  limita- 
tions and  difficulties  of  this  process  opened  up  a  field  for 
early  experiments,  from  which  it  was  evident  that  the 
electric  furnace  offered  opportunities  for  improvement, 
and  the  commercial  production  of  ferro-alloys  began  in 
1900.  It  was  about  this  time  that  there  was  an  over- 
production of  carbide  in  France,  and  these  works  began 
the  manufacture  of  ferro-manganese,  ferro-chrome  and 
ferro-silicon.  The  growth  of  the  ferro-alloy  industry 
was  rapid  abroad,  but  has  been  comparatively  slow  in 
the  United  States.  Until  very  recently  a  large  propor- 
tion of  the  ferro-alloys  were  imported,  but  since  the 
war  it  has  been  necessary  to  increase  our  facilities  at 
home,  and  very  large  amounts  are  now  being  manufac- 
tured in  this  country. 

More  ferro-silicon  is  manufactured  in  the  electric 
furnace  than  any  other  alloy.  Other  alloys  are  ferro- 
chrome,  ferro-manganese,  ferro-molybdenum,  ferro- 
nickel,  ferro-tungsten,  ferro-vanadium,  etc.  Many  of 
these  alloys  are  used  in  the  manufacture  of  high-grade, 
self-tempering  and  special  steels. 

Another  application  of  the  electric  furnace  which  re- 
quires large  amounts  of  power  is  the  manufacture  of 
calcium  carbide.  Electric  arc  furnaces  of  the  direct- 
heating  type  are  used  for  this  work  and  with  entire 
success.  A  furnace  of  this  type  which  is  commonly 
used  for  making  ferro-silicon  and  other  alloys  is  the 
Siemens  type,  shown  in  Fig.  7.  The  furnace  is  circular 
with  one  vertical  electrode  of  carbon.  The  other  elec- 
trode is  the  inside  lining  of  the  furnace,  which  is  com- 
posed of  carbon.  The  upper  electrode  is  adjustable,  and 
the  furnace  is  tapped  by  means  of  a  tap  hole.    There  are 


many  other  types  of  furnaces  along  this  same  general 
principle  for  making  ferro-alloys  and  carbide. 

FIXATION  OF  ATMOSPHERIC  NITROGEN 

Electricity  is  also  used  for  the  commercial  fixation  of 
atmospheric  nitrogen.  Chemistry  has  revealed  to  us  the 
dependence  of  animal  and  vegetable  life  on  nitrogen 
compounds.  Intensified  agriculture  must  be  practiced 
in  order  to  provide  more  abundantly  for  plant  food  re- 
quirements. Our  national  safety  depends  on  the  devel- 
opment of  a  nitrogen  industry,  and  in  times  of  peace  this 
can  be  utilized  to  manufacture  fertilizers,  dyes,  etc.  The 
consumption  of  such  compounds  has  reached  an  enor- 
mous figure  and  is  still  increasing,  forming  one  of  the 
economic  problems  of  the  day.  Nitrogen  is  combined 
with  oxygen  to  form  nitrates  and  nitrites,  with  carbon 
to  form  cyanogen  for  producing  cyanides  and  cyan- 
amides,  and  with  hydrogen  to  form  ammonia.  Of  these 
three  fundamental  commercial  products  the  most  im- 
portant is  the  union  of  nitrogen  with  oxygen  forming 
the  nitric  acid  salts  of  commerce.  From  the  above- 
mentioned  products  are  obtained  a  large  number  of  de- 
rivatives used  in  the  chemical  art.  A  number  of  pro- 
cesses have  reached  the  commercial  stage,  but  reference 
will  be  made  only  to  those  which  involve  the  application 
of  electrical  energy. 

Nitric  acid  is  produced  directly  from  the  air  Ijy  means 
of  the  electric  arc.  In  this  process  the  nitrogen  of  the 
air  is  combined  with  oxygen,  forming  nitric  oxide  by 
means  of  a  powerful  arc  furnace  through  which  air  is 
forced.  There  are  several  types  of  nitrogen  furnaces, 
the  Birkeland-Eyde.  .Schonherr,  Pauling,  etc. 


FIG.  8 — birkeland- 
Eyde  furnace 


FIG.  9 — SCHONHERR 
FURNACE 


For  the  fixation  of  atmospheric  nitrogen. 

The  Birkeland-Eyde  furnace  consists  of  a  suitable 
shell  lined  with  a  refractory  material.  An  alternating- 
current  arc  is  maintained  at  5500  volts,  60  cycles,  be- 
tween the  water-cooled  copper  electrodes  E,  spaced 
about  0.3   inches  apart.     Two  powerful  direct-current 
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magnets  distort  the  arc  into  a  series  of  great  fan-shape 
flames  extending  radially  outward  from  the  electrodes, 
which  are  located  between  the  poles  of  the  magnet.  Air 
is  admitted  under  pressure  at  C,  Fig.  8,  and  directed  to 
the  arc  through  the  openings  in  the  lining  and  with- 
drawn at  D.  When  the  magnet  deflects  the  discharge 
radially  outward,  the  potential  increases,  and  a  second 
arc  is  formed,  thus  causing  a  continuous  series  of  rap- 
idly extending  arcs.  As  the  arcs  travel  radially  outward, 
the  contact  of  the  ionized  arc  stream  with  the  incoming 
air,  disrupts  the  nitrogen  molecule  and  causes  the  forma- 
tion of  nitric  oxide. 

The  Schonherr  furnace,  Fig.  9,  consists  of  a  vertical 
pipe  lined  with  a  non-conducting  refractory   material. 

MB. 


FIG.    10 — PAULING   NITROGEN   FIXATION   FURNACE 

The  furnace  arc  is  started  by  making  a  contact  between 
the  electrode  E  and  the  wall  of  the  pipe,  which  acts  as 
the  other  electrode.  The  air  enters  the  pipe  under 
pressure,  and  with  a  whirling  motion,  and  the  ionized 
gases  carry  the  arc  stream  toward  the  upper  end  of  the 
tube,  where  it  is  maintained.  Arcs  as  long  as  26  feet  are 
maintained.  The  nitrogen  products  are  withdrawn  at  D, 
serving  on  their  return  down  through  the  pipe  to  pre- 
heat the  incoming  air. 

The  Pauling  furnace.  Fig.  10,  is  built  much  on 
the  principle  of  a  horn-gap  arrester.  An  alternating 
e.m.f.  at  4000  volts  is  formed  between  the  horns  and  is 
forced  upward  by   a  blast   of   air   admitted   at  B   and 


breaks ;  then  another  forms  and  a  series  of  fan-shaped 
flames  occur.    The  gases  are  withdrawn  at  the  top. 

Another  method  of  fixing  nitrogen  by  means  of  elec- 
tric furnaces  is  to  cause  the  nitrogen  to  combine  with 
some  substance  for  which  it  has  a  pronounced  chemical 
affinity.  This  process  includes  a  furnace  utilizing  cal- 
cium carbide  with  which  nitrogen  readily  combines  to 
form  calcium  cyanamid.  For  these  processes  large 
amounts  of  power  are  required,  giving  a  fairly  constant 
load  and  a  good  power-factor.  There  is  not  a  wide 
divergency  in  the  yield  of  the  various  processes. 

The  commercial  success  of  atmospheric  fixation 
plants  depends  largely  upon  the  market  for  the  product, 
cost  of  electric  power,  freight  rates,  labor  conditions  and 
cost  of  raw  material.  With  the  straight  arc  process, 
such  as  the  Birkeland-Eyde,  Schonherr  and  Pauling, 
there  would  be  required  an  abundant  supply  of  water, 
air  and  cheap  electric  power.  For  the  cyanamid  process 
there  would  be  required  lime  and  coal  in  order  to  first 
make  the  carbide  in  the  electric  furnaces  and,  in  addition, 
air  and  an  abundant  supply  of  water-power.  Recent 
developments  in  the  nitrogen  fixation  industry  have  been 
on  a  scale  unheard  of  in  the  world's  history,  and  it  seems 
certain  that  the  manufacture  of  nitric  acid  and  the 
nitrates  from  the  atmosphere  is  established  on  a  firm 
basis,  destined  to  expand  steadily  within  certain  limita- 
tions. 

The  present  and  future  development  of  our  electro- 
chemical and  electrometallurgical  industries  is  depend- 
ent to  a  large  extent  upon  the  development  of  cheap 
power  and  of  an  advantageous  situation  with  respect  to 
supplies  and  market,  and  is  of  fundamental  interest  to 
the  power  companies,  as  it  oflfers  an  ideal  power  load  of 
considerable  magnitude.  The  expansion  in  these  indus- 
tries during  the  past  few  years  has  been  on  an  enormous 
scale  and,  with  cheap  power,  the  consummation  of  pres- 
ent plans  for  extensions,  and  the  commercial  adoption  of 
present  experimental  processes,  we  can  expect  to  see 
further  expansions  destined  to  place  these  industries 
among  the  first  in  importance  in  this  country. 


Donvo^cic   VVaior  ^^(i^ply  CSy^^toiii;^ 


H.  F.  BoE 

Works  Manager, 

The  Vaile-Kimes  Company 


AN  AMPLE  supply  of  pure  water  for  a  commu- 
nity or  for  a  country  home  is  recognized  as  essen- 
tial to  health  and  happiness.  Each  year  archi- 
tects and  engineers  are  giving  more  thought  to  this  sub- 
ject in  order  to  obtain  a  pure,  wholesome  supply  of 
water  under  perfect  sanitary  conditions.  An  individual 
water  system  for  the  average  home  need  not  be  elaborate 
or  expensive,  and  these  systems  are  adaptable  not  only 
to  country  and  suburban  districts,  but  are  used  exten- 
sively in  the  hearts  of  cities  as  well.  No  matter  where 
the  location  or  the  source  of  water  supply,  a  reliable  and 


efficient  water  supply  system  can  be  provided  to  meet  all 
requirements  of  domestic  service.  The  source  of  water 
supply  may  be  either  a  cistern,  shallow  or  deep  well,  lake 
or  stream. 

Pumps   for  domestic  water  supply  systems  are  di- 
vided into  three  classes  of  service : — 

I — Rain  water  pumps. 

2 — Shallow  well  water  supply  pumps. 

3 — Deep  well  water  supply  pumps. 

In  most  cities,  particularly  in   what  are  known  as 
"limestone"   districts,   water,   if   drawn    from   wells,   is 
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likely  to  be  hard  and  generally  unfit  for  domestic  pur- 
poses. In  these  districts  it  is  the  usual  practice  to  store 
rain  water  in  a  cistern.  The  water  thus  obtained  is 
more  desirable  for  domestic  use,  particularly  in  the 
laundry  or  bath.  After  this  water  has  been  stored  in 
the  cistern  the  most  desirable  method  of  delivering  it  is 
by  means  of  a  domestic  water  sup- 
ply system. 

RAIN    WATER  SYSTEMS 

Water  Motor-Driven  Pumps — 

There  are  today  recognized  as 
standard  three  types  of  systems 
which  utilize  city  water  pressure  to 
operate  water  motor  pumps  : — 

Direct-Pressure  System — Where 
the  city  water  rates  are  low  the 
direct-pressure  system  is  the  most 
desirable,  since  a  pressure  of  from 
20  to  30  pounds  may  be  maintained 
at  the  fixtures  at  all  times.  The 
water  is  stored  in  a  pneumatic  tank, 
in  which  the  proper  proportion  of 
air  must  be  maintained  by  means  of 
a  hand  air  pump.  When  water  is 
drawn  from  the  soft  water  fixtures 
and  the  pressure  thereby  reduced  in  the  tank  to  a  pre- 
determined minimum,  the  positive  shut-off  operates  and 
allows  the  city  water  to  pass  through  the  water  motor 
which  drives  the  pump  until  the  supply  of  water  is  re- 
plenished in  the  soft  water  tank,  when  the  positive  shut- 
off  again  operates  and  closes  the  city  water  inlet  to  the 
pump.  A  direct-pressure  pump  and  installation  are 
shown  in  Figs,  i  and  2. 

The  Economy  System  is  especially  adapted  for  local- 
ities where  the  city  water  is  metered  at  a  high  rate. 
There  is  absolutely  no  waste  of  city  water,  as  the  ex- 
haust from  the  pump  is  piped  to  the  city  water  fixtures  in 
the  residence  so  that  the  pump  operates  only  when  the 
city  water  is  drawn,  and  then  only  when  the  soft  water 


FIG.   I — WATER 

MOTOR-PBIN'EN 

PUMP 

Of  the  direct- 
pressure, 
rain  water 
system. 


in  the  attic  of  the  house  or  some  other  high  place  and 
which  feeds  the  system  by  gravity.  Generally  this  sys- 
tem is  non-automatic,  and  the  pump  is  started  and 
stopped  by  means  of  a  hand  valve  in  the  city  water  inlet 
pipe.  However,  the  economy  system  can  be  installed 
where  high  city  water  rates  prevail,  and  this  is  accom- 
plished by  connecting  the  city  water 
exhaust  from  the  pump  to  the  fix- 
tures and  installing  an  overflow 
pipe  connecting  the  tank  with  the 
cistern.  This  system  is  shown  in 
Fig.  4.  These  water  motor  pumps, 
as  shown  in  Fig.  5,  are  of  the 
duplex,  double-acting,  suction  type 
and  can  be  made  to  operate  on  city 
water  pressure  from  12  to  100 
pounds  per  square  inch,  and  with  a 
vertical  suction  lift  not  to  exceed 
22  feet,  which  has  been  found  by 
experience  to  be  the  maximum  suc- 
tion lift  it  is  safe  to  recommend  for 
practical  purposes.  A  sectional  view  is  shown  in 
Fig.  6. 

Electric  Motor-Driven  Pumps — 

In  some  cities  the  city  water  pressure  is  low  or 

varies  over  such  a  wide  range  as  to  make  it  practically 
impossible  to  obtain  satisfactory  operation  from  a  water 
motor  pump.  In  other  localities  the  city  water  contains 
chemicals  that  are  deleterious  to  the  internal  parts  of  the 
water  motors,  making  it  necessary  to  re-pack  these 
pumps  at  frequent  intervals.  These  conditions,  com- 
bined with  the  equally  important  fact  that  electric  power 
is  becoming  so  universally  used  for  lighting  and  driving 
numerous  other  appliances  on  account  of  its  convenience 
and  economy,  have  opened  up  the  field  for  a  reliable 
pump  equipped  with  an  electric  motor,  controlling  de- 
vice, tank,  fittings,  etc.  In  many  instances  it  is  desir- 
able to  replace  the  water  lift  with  an  electric  pump,  and 
in  these  cases  the  user  has  all  pipe  fittings,  tank,  etc., 
necessary,  and  all  he  needs  is  a  pump,  motor  and  switch. 


_^ 


-DntECT-PRESSURE    PUMP 
INSTALLATION 


FIG.  3 — ECONOMY  SYSTEM  OF  WATER 
MOTOR-DRIVEN  PUMPS 


FIG.  4 — OPEN-TANK   SYSTEM   OF   WATER 
MOTOR-DRIVEN  PUMPS 


supply  in  the  compression  tank  is  reduced.  When  the 
maximum  pressure  is  developed  in  the  compression  tank 
the  economy  valve  opens  and  by-passes  the  water  around 
the  pvmip.    The  economy  system  is  shown  in  Fig.  3. 

Open-Tank  System — The  third  system  is  the  open- 
tank  system,  where  water  is  pumped  into  an  open  tank 


The  ease  with  which  the  electric  pump  may  be  substi- 
tuted for  the  water  lift  is  shown  in  Fig.  7.  On  new  in- 
stallations, however,  this  outfit  is  not  as  desirable  as  the 
completely  self-contained  system  shown  in  Fig.  8.  These 
electric  rain  water  pumps  are  double-acting  suction 
pumps  having  a  vertical  suction  lift  of  22  feet.     Since 
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pumps  for  this  service  are  usually  installed  in  the  base- 
ment of  the  house  they  must  be  very  quiet  running, 
automatic  in  operation,  starting  when  the  pressure  is 
reduced  to  a  predetermined  minimum  and  stopping  at  a 
predetermined  maximum  pressure.  They  must  also  be 
practically  fool-proof  and  require  very  little,  if  any,  at- 
tention beyond  an  occasional  oiling. 
H  A  complete  electric  rain  water  sys- 

~  tern  must  contain  a  pump,  a  motor,  a 

switch,  a  tank,  a 
relief  valve  and 
an  a  1 1  achment 
for  keeping  air 
in  the  tank. 
Various  designs 
and  methods  of 
assembling  these 
units  have  been 
e  m  p  loved,  but 
they  all  follow 
the  same  gen- 
eral scheme. 
Since  noise  is  objectionable,  the  pumps  should  be 
mounted  on  a  stone  or  concrete  wall  or  floor.  Mounting 
on  tanks  or  light  partitions  is  always  objectionable  and 
should  be  avoided. 

Self-lubrication  is  practically  a  necessity,  and  vari- 
ous methods  are  possible.  One  of  the  mo.st  unique  and 
satisfactory  systems  is  shown  in  Fig.  9.  In  this  in- 
stance the  crankcase  is  used  as  an  oil  reservoir.  By 
capillary  attraction,  oil  is  carried  up  through  a  wick  at- 
tached to  the  crank,  and  passes  through  canals  to  a  small 


FIG.   5 — WATER   MOTOR-DRIVEN    PUMP 

Used  on  the  open-tank  system. 


FIG.  6 — ■ 
SECTIONAL 

VIEW  OF 
W.'^.TER  MOTOR 
PUMP  SHOWN 

IN  FIG.  I 


distributing  basin.  From  this  point  the  oil  is  distrib- 
uted by  gravity  to  the  crank  bearing,  crosshead  and  con- 
necting rod.  It  is  then  drained  back  to  the  crankcase  to 
be  used  over. 

It  is  absolutely  essential  that  the  suction  pipe  be  air- 
tight and  free  from  all  leaks,  since  a  leak  in  the  suction 


-ELECTRIC    MOTOR-DRIVEN 
PUMP   SYSTEM 


line   will   destroy   the  lifting  or  suction   power  of   the 
pump. 

The  electric  motor  applied  to  pump  service  must 
have  special  electrical  characteristics  and  mechanical  fea- 
tures. They  must  be  properly  applied  so  that  under  ad- 
verse conditions,  such  as  low  voltage  caused  by  long 
lines  of  small  wire, 
small  or  overloaded 
transformers,  or  poor 
plant  regulation,  they 
will  have  ample  start- 
ing torque  to  start  and 
run  the  pump  under 
maximum  pressure  at 
a  voltage  below  nor- 
mal, or  a  frequency 
higher  than  normal. 
These  outfits  arc 
often  installed  in 
damp  and  dirty  places 
and  must,  therefore, 
be  protected  as  much 
as  possible. 

The  electrical  char- 
acteristics best  suited 
for  rain-water  or  shal- 
low-well pumps  arc 
shown  in  Fig.  10, 
while  Fig.  11  shows  a 
disassembled  motor  of 
proper  mechanical 
and  electrical  charac- 
teristics. 

Automatic  Pres- 
sure -  Type  Sifitcli — 
The  switch  is  usually 
actuated  by  pressure 
operating  upon  a  diai)hragm.  It  is  necessary  to  adjust 
the  low-pressure  closing  position  and  the  high-pressure 
oi)ening  position  accurately,  and  to  maintain  the  differ- 
ential at  a  certain  fixed  amount,  usually  15  pounds  per 
S(|uare  inch.    The  switch  must  be  positive  in  action  and 


FIG.   8 — COMPLETE    SELF-CONTAINED, 
ELECTRIC   MOTOR-DRIVEN   SYSTEM 


FIG.   9 — SELF-LUBRICATING    WATER   PUMP 

not  sensitive  enough  to  be  operated  by  the  pulsations  of 
the  pump  itself.  The  arrangement  and  connections  of  a 
reliable  pressure-operated  switch  are  shown  in  Fig.  16. 

The  Float-Type  Switch  is  actuated  by  the  varying 
height  of  water  level,  and  is  used  in  connection  with  the 
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open-tank  systems  only.  Some  of  the  switches  of  the 
float-operated  type  are  very  well  adapted  to  large  in- 
stallations, but  are  of  too  large  a  capacity  and  too  expen- 
sive for  domestic  purposes.  An  inexpensive  switch  of 
ample  capacity  and  suitable  adjustments  for  domestic 
open-tank  service  is  shown  in  Fig.  14. 
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Flij.   10 — CH.^R.\LTERISTIC   SPEED-TORQUE  CURVES  OI-    SINGI.E- 
PH.^SE    MOTORS 

Curve  A  shows  how  a  clutch-type,  split-phase  motor  accel- 
erates to  full  speed  by  means  of  a  multiple-disc  clutch.  The 
rotor  revolves  loosely  on  the  shaft  until  it  reaches  a  predeter- 
mined speed,  when  it  engages  the  shaft  automatically  and  accel- 
erates the  load  through  the  clutch.  The  starting  torque  is  there- 
fore practically  equal  to  the  maximum  or  pull-out  torque  of  the 
motor. 

Curve  B  shows  the  starting  torque  of  a  repulsion  induction 
motor,  the  speed-torque  characteristic  of  which  is  the  same  as 
curve  A  after  the  governor  has  operated  to  short-circuit  the 
commutator.  The  high-starting  torque  of  this  type  of  motor  is 
particularly  valuable  when  applied  to  deep  well  pumps  on  ac- 
count of  the  large  initial  friction  to  be  overcome  at  starting. 

Method  of  Drive — With  the  pump,  motor  and  switch 
of  proper  characteristics  the  method  of  drive  is  an  im- 
portant factor.  Belts,  gears,  gear  and  belts,  belts  and 
cams,  etc.,  have  all  been  used,  but  since  noise  is  such  an 
important  factor,  belts  seem  to  give  the  most  satisfaction 


brazed  seams.  The  selection  of  the  size  of  tank  is  ver}'' 
important,  and  a  minimum  size  tank  should  contain  30 
gallons  for  every  adult  in  the  household  the  system  is  to 
supply. 

Air  Attachment — Every  water  supply  system  should 
have  some  means  of  supplying  air  automatically  to  the 
compression  tank.     Provision  can  be  made  for  this  by 


FIG.  II — r.\RTS  OF  SPLIT-PH,\SE  PUMP  MOTOR 

if  they  have  been  intelligently  cut  from  the  proper  kind 
of  hide  and  treated  so  as  to  be  soft  and  pliable,  to  be 
moisture  proof,  and  still  have  a  high  coefficient  of  fric- 
tion. 

Tanks  of  practically  all  descriptions  are  used ;  one  of 
the  most  satisfactory  has  steel-welded  heads  and  copper- 


FIG.  12 — I.N'STAI.I.ATION  OF  .\  SH ALLOW-WEEL  WATER  SUPPLY  SYSTEM 

supplying  an  air  attachment  with  the  pump,  as  shown  in 
Figs.  7  and  12.  A  tank  without  air  and  full  of  water  is 
"water-logged,"  and  is  just  as  good  as  no  tank  at  all. 

All  automatic  electric  water  supply  systems  should 
have  a  safety  device  of  some  sort  to  protect  the  pump 
and  tank  from  pressures  high  enough  to  do  damage. 
This  is  best  accomplished  by  means  of  a  pressure  relief 
valve,  connected  as  shown  in  Figs.  7  and  14. 

WATER   SUPPLY    SYSTEMS 

The  suburban  or  country  home,  instead  of  being  an 
undesirable  place  to  live,  without  conveniences,  as  was 
more  or  less  the  case  a  few  short  years  ago,  has  become 
a  most  desirable  place  for  a  year-round  residence.  The 
automobile  and  trolley  lines  have  shortened  the  distance 
from  the  home  to 
the  factory  or  office. 
The  central  station 
power  companies 
have  extended  their 
lines,  and  where 
they  have  not,  small 
isolated  plants,  gen- 
erally known  as 
farm-lighting  o  u  t- 
fits,  contribute 
largely  to  the  com- 
forts by  furnishing 
light  and  power. 
When  homes  can  be 
equipped  with  a 
modern  bath,  toilet, 
laundry  trays,  etc., 
which  are  automat- 
ically supplied  with 
water  by  domestic 
water  supply  systems,  the  transformation  is  complete. 
They  can  be  run  from  central  station  power,  farm- 
lighting  outfits,  gas  engines  or  other  available  source  of 
power.     The   supply   of   water   may   be   either  cistern. 
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shallow  or  deep  well,  lake,  spring  or  stream,  and  pres- 
sure can  be  maintained  at  between  35  and  50  pounds 
per  square  inch. 

Shallozv  Well  Water  Supply  Systems— 

These  systems  are  very  similar  to  electric  rain  water 
systems,  except  they  are  usually  built  with  greater  ca- 


FIG.    14 — DOMESTIC   OPEN-TAXK   INSTALLATION 

Showing  hydraulic  and  electrical  connections  of  a 
float-type  switch. 

pacities  for  a  heavier  class  of  service.  Pumps  for  this 
service,  while  of  the  same  general  design  as  the  electric 
rain  water  pumps,  are  of  more  sturdy  construction.  The 
larger  capacity  pumps  are  duplex  and  the  smaller  ca- 
pacity pumps  single-cylinder,  and  of  the  double-acting 
plunger  type. 

The  direct-pressure  system  is  almost  universally  used 
for  residence  water  supply.     The  open-tank  system  is 


FIG.   15 — AUTOMATIC 

DIRECT-PRESSURE, 

SHALLOW-WELL  W.\TER 

SUPPLY  SYSTEM 

Using  water  motor  pump 
for  soft  water  pumping. 

used  largely  where  garden  irrigation  is  the  prime  func- 
tion of  the  outfit.  Wells  that  are  not  more  than  22  feet 
to  water  level,  and  in  which  the  water  level  cannot  be 
lowered  during  a  dry  season  beyond  this  depth,  are  com- 
monly called  shallow  wells.  The  suction  type  of  pumps 
is  almost  universally  used  on  this  type  of  well.     The 


capacities  of  water  supply  pumps  for  domestic  use  range 
from  210  gallons  per  hour  to  720  gallons  per  hour.  The 
units  that  make  up  this  combination  and  the  method  of 
making  an  installation  are  shown  in  Fig.  12. 

Location  of  Pump  and  Tank — As  the  relative  loca- 
tion of  pump,  tank  and  well  varies  to  suit  local  condi- 
tions, the  illustration  is  intended  only  to  show  the  correct 
arrangement  of  elements.  While  it  is  not  necessary  to 
locate  the  suction  pump  immediately  over  the  well,  yet  it 
will  favor  a  good  working  system  to  locate  the  pump  as 
near  as  possible  to  the  source  of  water  supply  and  make 
the  suction  pipe  short  and  direct,  with  not  over  22  feet  of 
vertical  suction  lift.  The  discharge  pipe  between  the 
pump  and  tank  may  be  any  reasonable  length  if  the  pipe 
size  is  liberal  so  as  to  overcome  pipe  friction,  the  effect 
of  which  is  shown  in  Fig.  13.    This  will  permit  locating 


FIG.  16 — INSTALLATION 

OF   DEEP-WELL 

WATER  SUPPLY  SYSTEM 

WITH  "set-length" 

PUMP 

Showing  arrangement 
and  relative  loca- 
tion of  all  the 
elements. 


the  tank  in  the  basement  or  any  convenient  place,  if  nec- 
essary some  distance  away  from  the  pump. 

With  the  use  of  a  fresh  water  attachment  water  may 
be  had  directly  from  the  well  independent  of  the  storage 
tank,  giving  a  supply  of  cool,  fresh  water  at  one  or  more 
fixtures  for  drinking  or  cooking  purposes.  Such  a  fresh 
water  attachment  is  shown  in  the  diagrams  as  a  "Koltap 
Service." 

Automatic  Hard  and  Soft  Water  Systems— A  water 
motor  pump  in  combination  with  an  electric  direct-pres- 
sure, shallow-well  water  supply  system  is  shown  in  Fig. 
15.  This  system  is  entirely  automatic  in  operation,  and 
is  also  very  economical,  as  the  hard  water  used  to  oper- 
ate the  pump  is  not  wasted,  but  is  piped  to  the  hard 
water  fixtures  and  utilized.  In  operating  this  system, 
the  electric  well  water  pump  automatically  keeps  up  the 
supply  in  the  hard  water  pneumatic  tank.  The  water 
motor  pump  for  supplying  rain  water  to  the  soft  water 
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fixtures  is  operated  by  the  pressure  from  the  hard  water 
tank. 

Where  preferred,  a  combined  hard  and  soft  water 
system  can  be  arranged,  using  one  pump  for  supplying 
both  kinds  of  water.    This  is  ac- 
compUshed   by   adding  an  extra 
tank  for  soft  water  to  the  shal- 
well    water   supply    system, 
suction   pipe    for   both   the 
shallow  well  and  soft 
water  supply  are  pro- 
vided   with    a    valve 
near  the  pump,  and  a 
three  -  way    valve    is 
used  in  the  discharge 
between  the  pump  and 
tank.  To  change  from 
well    to    cistern    water,    the    suction 
valve   from  the  cistern  and  the  dis- 
charge valve  to  the  soft  water  tank 
are  opened.     When  the  pressure  to 
the    soft    water    tank    has    been    re- 
stored, the  conditions  are  again   re- 
versed.    By  using  a  liberal  size  tank 
for  the  soft  water,  enough  soft  water 
may  be  stored  with  one  pumping  to 
last  for  several  days.     The  pump  in 
the  meantime  will  be  ope-rating  auto- 
matically on  the  well  water  svstem. 


A  pump  operated  on  a  deep  well  is  subject  to  strains 
and  shocks  much  in  excess  of  shallow  well  work.  The 
design  of  power  heads,  etc.,  must  therefore  be  liberal 
and    their   construction    sturdy.      There   are   numerous 


FIG.  17 — SET-LENGTH 

TYPE     OF     DEEP- 

WEI.I.  PUMP 


Deep  Well  Water  Supply 
Systems — 


Open  or  driven  wells  with  a 
vertical  depth  to  the  water  level 
exceeding  the  lifting  power  of  a 
shallow  well  pump  (22  vertical 
feet)  are  called  deep  wells,  and 
an  entirely  different  type  of 
pump  m  u  s  t  be 
used.  It  is  nec- 
essary to  install 
the  p  u  m  p  head 
and  driving  unit 
immediately  over 
the  well,  as  the 
p  u  m  p  working 
cylinder  must  be  installed  in  the 
well  under  water  at  the  lowest 
stage  and  connected  to  what  is 
known  as  the  "drop  pipe."  The 
working  cylinder  is  operated  by 
means  of  "a  sucker  rod  connect^.d 
to  the  pump  head.  In  order  that 
a  uniform  flow  of  water  from  the 
pump  be  maintained  it  is  essen- 
tial that  a  properly  proportioned 
differential  cylinder  be  installed.  This  arrangement 
also  helps  to  balance  the  load  upon  the  motor  or  other 
driving  unit. 


FIG.  18 — DEEP-WELL  PUMP 


FIG.    19 — DOMESTIC    W.STER    SUPPLY    SYSTKM 
IXSTAI.LEU   I.Y    FROST-PROOF   DROP 


types  and  sizes  of  deep  well  pumps. 
These  are  largely  classed  as  "farm  ma- 
chinery." However,  some  of  the  domes- 
tic water  supply  systems  have  been  taken 
out  of  the  farm  machinery  class  by  re- 
finements in  design  and  manufacture,  and  only  these 
types  of  pumps  will  be  discussed. 

Set-Length  Pump — In  many  places  the  depth  to 
water  level  is  between  22  and  50  feet,  and  the  amount 
of  water  required  does  not  exceed  150  gallons  per  hour 
at  a  maximum  pressure  of  50  pounds.  This  is  usually 
the  requirement  of  small  suburban  or  country  homes, 
summer  cottages,  etc.,  and  an  outfit  of  this  capacity  for 
this  depth  of  well  and  maximum  pressure  will  have 
ample  capacity  for  all  household  demands,  including 
lawn  sprinkling.  A  large 
tank  is  desirable  if  much 
sprinkling  is  to  be  done  and 
the  pressure  maintained. 
Tanks  having  a  capacity  of 
120  gallons  or  more  are 
usually  recommended.  A 
pump  for  this  service 
should  have  a  center  crank 
so  as  to  balance  the  strain  on  head 
and  bearings,  be  equipped  with  cyl- 
inder, and  a  drop  pipe  that  will  go 
in  a  two-inch  casing,  a  differential 
cylinder  to  insure  a  uniform  flow,  a 
frost-proof  discharge  connection  as 
a  protection  against  low  tempera- 
tures, an  air  pump  for  automatically 
supplying  air  to  the  tank,  an  air 
chamber  to  balance  the  flow  and  elim- 
inate water  hammer,  and  a  discharge 
valve  in  the  discharge  line  to  main- 
tain water  in  the  tank  and  relieve  the 
strain  on  the  pump  when  not  in  use.  In  Fig.  16  is 
shown  an  assembly  view  of  the  units  that  go  to  make  up 
a  system  of  this  kind,  giving  the  relative  location  and 
correct  arrangement  of  the  elements  which  make  up  the 
complete  installation.     A   deep  well  pump  of  the  set- 
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length  type  has  a  differential  cylinder  with  a  frost-proof 
discharge  opening  at  a  certain  predetermined  depth 
below  the  base  and  connected  to  the  pipe  line,  as  shown 
in  Fig.  16.  Pumps  of  this  type  are  used  for  capacities 
not  to  exceed   150  gallons  per  hour  at  50  pounds  per 


FIG.  21 — INSTALLATION  OF  THE  OPEN-TANK   SYSTEM 

square  inch  maximum  pressure  and  where  the  depth  to 
water  level  does  not  exceed  50  feet. 

Open-Cylinder  Pumps — There  are  many  localities 
where  the  well  must  be  drilled  from  50  to  250  feet  to 
obtain  a  good  source  of  water  supply,  or  where  the  quan- 
tity of  water  required  is  in  excess  of  the  capacity  of  the 
set-length  type  of  pump.  The  latter  condition  is  found 
frequently  on  farms  or  estates  where  a  number  of  cattle, 
sheep,  hogs,  horses,  etc.,  are  raised,  or  where  truck  gar- 
den irrigation  is  carried  on  extensively.  Either  the 
direct-pressure  or  open-tank  system  can  be  used,  the 
former  being  generally  preferred.  The  control  and 
operation  of  the  pump  can  be  made  entirely  automatic 
with  either  system  by  the  use  of  electric  motors  and 
pressure  or  float-type  regulators.  The  pump  is  so  ar- 
ranged that  the  working  parts  of  the  pump  cylinder, 
sucker  rod  and  differential  pistons  can  be  removed  with- 


FIC.  22 — PARTS  OF  A  REPULSION-INDUCTION    MOTOR 

out  drawing  the  drop  pipe  and  cylinder,  which,  in  the 
case  of  pumps  of  this  capacity,  is  no  little  job.  Sturdy 
construction,  with  balanced  crank  loads,  accessibihty  of 
all  parts,  automatic  or  semi-automatic  lubrication,  quiet 
running,  ample  air  supply,  automatic  belt  tightener  for 


belted  machines  and,  where  the  pumps  are  to  be  exposed 
to  low  temperatures,  the  frost-proof  drop,  are  essential 
features  that  should  not  be  overlooked. 

These  pumps  can  be  set  directly  on  the  surface  of  the 
ground  or  floor,  provided  they  are  protected  from  the 
weather,  or  can  have  a  frost-proof  drop,  as  shown  in 
Fig.  19,  in  which  all  the  parts  subject  to  freezing  are 
lowered  into  a  chamber  below  the  surface.  In  Fig.  20  is 
shown  a  cross-sectional  view  of  the  open-cylinder  pump. 

In  deep  well  pumps  of  the  differential  cylinder  con- 
struction the  pumps  are  double  acting.  The  lower  or 
well  cylinder  holds  proportionately  more  water  than  the 
upper  or  diliferential  cylinder ;  hence,  when  the  plungers 
move  upwards,  both  being  on  the  same  piston  or  sucker 
rod,  part  of  the  water  is  passed  into  the  upper  cylinder 
and  the  remainder  is  discharged.  This  upward  motion 
nils  the  well  cylinder  below  the  lower  plunger.  When 
the  i)lunger  moves  downward  the  water  in  the  upper  or 
differential  cylinder  is  discharged.  In  the  downward 
motion  the  plunger  in  the  well  cylinder  simply  passes 
through  the  water  already  in  the  lower  part  of  the  cylin- 


F«T  MEAD 

FIG.  23 — RELATION  BETWEEN  PRESSURE  AND  HEAD  OF  A 
COLUMN  OF  WATER 

der  on  which  it  has  no  effect,  since  the  valve  in  the 
plunger  opens  and  the  water  passes  through  it.  The 
combination,  in  connection  with  the  air  chamber,  causes 
a  continuous  flow  of  water. 

Deep  well  pumps  actually  lift  the  water,  hence  motors 
of  very  high  starting  torque  are  required.  The  repulsion- 
induction,  single-phase  motors  inherently  have  this  es- 
sential but,  unless  the  proper  application  of  these  motors 
is  made  and  the  essential  mechanical  features  are  incor- 
porated in  their  design,  successful  operation  is  at  least 
doubtful.  In  curve  B,  Fig.  10,  is  shown  the  speed- 
torque  curve  of  a  repulsion-induction  motor,  giving  the 
high  starting  torque  necessary  to  overcome  the  static 
friction  of  the  pump  and  water.  A  disassembled  view 
of  this  type  of  motor  is  shown  in  Fig.  22. 

OPERATING    COSTS 

The  cost  of  operating  the  various  types  of  pumps  is 
given  in  Tables  I,  II  and  III.  These  figures  are  based 
upon  actual  tests  at  maximum  total  head,  and  are,  of 
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course,  subject  to  variations  incident  to  manufacture  in 
quantities  and  to  similar  variations  due  to  the  various 
types  and  sizes  of  pumps.  The  figures  which  are  given 
here  represent  the  maximum  values  and,  under  ideal 
conditions  of  installation,  these  figures  can  be  reduced 
fully  30  percent.  The  average  family  of  five  people 
does  not  use  over  50  gallons  of  water  per  day  for  house- 
hold purposes,  and  hence  the  cost  is  not  over  a  couple 
of  cents  per  day. 

TABLE  I — COST  OF  OPERATION  OF  WATER  MOTOR  PUMPS 


T.\BLK   II — COST  OF  OPERATION  OF  SHALLOW  WELL 
ELECTRIC  MOTOR-DRIVEN   PUMPS 


City  Water 

Soft  Water 

Pressure,  Lbs. 
per  Sq.  In. 

Cents  per 
1000  Gallons 

Pressure,  Lbs. 
per  Sq.  In. 

Cents  per 
1000  Gallons 

15  to    30 
25  to    50 
40  to    65 
65  to  no 

725 
7-25 
7-25 
7  25 

35 

35 
35 
35 

18 
II 

7-5 

5.5 

Costs  are  based  upon  7.25  cents  per  1000  gallons  of  city 
water,  and  costs  for  soft  water  pumping  will  be  in  direct  pro- 
portion to  the  cost  of  city  water. 


Pressure,  Lbs. 
per  Sq.  In. 

Suction  Lift 
Feet 

Gallons 
per  Hour 

Cents  per 
1000  Gallons 

35 
50 
50 
50 

22 
22 
22 
22 

180 
210 
360 
720 

II  5 
12.6 

12.8 
10.6 

Costs  based  upon  loc  per  kw-hr.  maximum  pressure  and 
suction  lift  of  22  feet.  The  costs  vary  slightly,  due  largely  to 
the  better  efficiency  of  the  larger  electric  motors. 


TABLE  III— COST  OF 

OPERATION  OF  DEEP 

WELL 

ELECTRIC  MOTOR-DRIVEN 

PUMPS 

Dia. 

Total 

Stroke 

Hpof 

Kiv  Hrs. 

Cent  per 

Gal. 

of 

Head 

Inches 

Electric 

per  Hr. 

Cyl. 

Feet 

Motor 

1000  Gal. 

XI  Kw-Ht 

150 

I    75 

150 

6 

03 

2,39 

23.9 

21s 

1.75 

150 

8 

0  5 

2.26 

22,6 

21S 

I    75 

200 

S 

0  5 

2.61 

26.1 

215 

I    75 

275 

8 

0   75 

3.64 

36.4 

21s 

1.75 

350 

8 

I  ,  0 

4.77 

47   7 

350 

2.25 

150 

8 

0,75 

1,86 

18  6 

350 

2.25 

200 

8 

1.0 

2  44 

24  4 

350 

2.25 

275 

8 

,15 

3   45 

34  5 

52s 

2-75 

150 

8 

1.0 

IP 

10  0 

525 

2.75 

200 

8 

I   5 

2   51 

25   I 

740 

3   25 

150 

8 

I   5 

2  03 

20  3 
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1444 — Rotary  Converter  Operation — 
We  have  two  300  kw,  500  ampere,  600 
volt,  1200  r.p.m.,  compound-wound 
rotary  converters  which  are  started 
from  the  alternating-current  side.  Fre- 
quently on  starting  these  machines  we 
find  their  polarity  is  reversed.  The 
machines  are  used  singly  and  the 
procedure  is  as  follows  in  shutting 
down : — The  circuit  breaker  is  tripped 
out,  the  line  switches  opened  and, 
lastly,  the  oil  circuit  breaker  on  the 
alternating-current  side  is  opened. 
When  we  note  from  the  voltmeter  that 
the  polarity  is  reversed  and,  while  the 
machine  is  still  on  the  low-voltage 
taps  of  the  transformer,  we  open  the 
circuit  breaker  until  the  speed  falls  to 
perhaps  three  hundred  revolutions  and 
close  the  circuit  breaker  again,  some- 
times repeating  this  operation  several 
times  until  the  polarity  becomes  nor- 
mal. Will  you  kindly  explain  the  prob- 
able reasons  for  the  polarity  reversal 
and  why  it  rights  itself  as  explained? 

c.  c.  c.  (.m,aska) 
When  a  converter  is  self-started  from 
the  alternating  side,  the  chances  are 
equal  that  the  polarity  will  be  either  that 
desired  or  the  reverse.  In  either  a 
direct-current  generator  or  a  converter, 
the  polarity  of  any  brush  arm  bears  a 
fixed  relation  to  the  magnetic  polarity  of 
the  pole  opposite  it,  assuming  a  fixed  di- 
rection of  rotation;  that  is,  when  a  cer- 
tain brush  arm  is  positive,  the  pole  oppo- 
site it  may  be  found  to  be  north,  for  in- 
stance. Then  this  relation  must  always 
hold.     Now  consider  the  converter  as  a 


synchronous  motor.  When  the  armature 
reaches  synchronous  speed  its  current 
sets  up  a  field  directly  under  each  pole 
and  determines  a  certain  polarity,  north 
or  south,  for  that  pole.  Any  given  pole 
may  have  either  polarity,  depending  only 
upon  the  point  at  which  the  armature 
reaches  synchronous  speed.  Assuming  a 
certain  magnetic  polarity,  the  electrical 
polarity  is  then  fi.xed.  With  this  fixed 
polarity  of  the  brush  arms  the  direction 
of  the  shunt  field  current  is  also  fixed, 
and  is  such  as  to  maintain  the  magnetic 
polarity  which  was  determined  by  the 
armature  current  and  position.  If  the 
alternating-current  line  is  opened,  and 
the  converter  is  started  again,  there  is 
the  same  chance  as  before  that  a  given 
brush  arm  will  be  either  positive  or  neg- 
ative. Another  method  Of  changing 
polarity  is  by  causing  the  armature  to 
"slip  a  pole."  While  the  converter  is 
still  on  the  low-voltage  tap,  the  field 
leads  are  reversed  and  connected  di- 
rectly across  the  armature,  the  field 
rheostat  being  left  out  of  the  circuit. 
This  is  accomplished  by  means  of  a 
double-throw  field-reversing  switch.  The 
reversal  of  shimt-field  current  demag- 
netizes the  field  and  causes  the  armature 
to  slip  back.  This  slipping  back  is  indi- 
cated by  the  voltmeter  needle,  which 
swings  back  toward  zero.  When  the 
needle  reaches  zero  the  field  leads  are 
again  reversed.  The  armature  currents 
now  magnetize  the  field  poles  in  the  re- 
verse direction,  since  the  armature  has 
slipped  back  one  pole.  This  means  that 
the  brush  arm  polarity  is  reversed.    The 


second  reversal  of  the  field  leads  con- 
nected them  to  the  terminals  to  which 
they  were  attached  originally.  But  since 
the  polarity  of  those  terminals  is  re- 
versed, the  current  through  the  field 
winding  is  in  the  opposite  direction,  but 
is  in  the  right  direction  to  maintain  the 
new  magnetic  polarity.  Occasionally  a 
converter  will  not  slip  a  pole  when  the 
field  is  reversed,  and  it  is  then  necessary 
to  resort  to  the  other  method  of  chang- 
ing polarity — that  of  opening  the  alter- 
nating-current line  and  starting  again. 

Q.G. 

1445 — Phasing  Out  Alternators  With 
Induction  Motors  —  Provided  that 
each  of  two  alternators,  when  con- 
nected to  an  ordinary  three-phase  in- 
duction motor,  gives  that  motor  the 
same  direction  of  rotation,  can  it  be 
guaranteed  that  such  alternators  are 
correct  so  far  as  phase  rotation  is  con- 
cerned? Is  this  always  correct,  or  are 
there  exceptions?  I  understand  it  is 
correct,  but  I  have  been  told  that  when 
putting  two  identical  machines  to- 
gether (I  mean  two  made  absolutely 
similar  in  the  same  factory  on  the  one 
order)  it  is  preferable  to  connect  to- 
gether the  corresponding  leads  of  each 
machine  as  they  are  brought  out  at  the 
terminal  plate.  Is  this  necessary  or 
preferable,  or  will  not  the  other  two 
sets  of  connections  whereby  correct 
phase  rotation  is  obtained  suffice? 

R.  P.  G.  (australm) 
If  a  polyphase  induction  motor  be  con- 
nected   to    two    different    alternators    in 
turn,  and  runs  in  the  same  direction  in 
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both  cases,  the  phase  rotation  of  the 
alternators  is  the  same,  assuming  that 
the  leads  of  the  induction  motor  are 
connected  in  the  same  order  to  the  leads 
of  the  alternators.  The  phase  rotation 
of  the  circuit,  fed  by  a  given  three- 
phase  alternator,  can  be  reversed  by 
interchanging  any  two  of  the  three 
leads ;  or  by  interchanging  the  two  leads 
of  either  of  the  two  phases,  if  two-phase. 
In  the  same  way  the  phase  rotation  (and 
in  consequence  the  direction  of  rotation) 
of  an  induction  or  synchronous  motor 
may  be  reversed  by  interchange  of  two 
leads.  Two  identical  machines  should 
have  the  corresponding  leads  of  each 
joined  together  for  proper  parallel  con- 
nection ;  that  is,  phase  A  of  first  machine 
should  connect  with  phase  A  of  the  sec- 
ond machine,  and  phase  B  of  first  ma- 
chine with  phase  B  of  second  machine, 
etc.  Unless  one  is  absolutely  certain 
that  the  machines  are  similar,  the  phases 
should  be  tried  out,  as  for  example,  by 
means  of  lamps,  in  order  to  determine 
whether  or  not  the  phase  rotation  is  the 
same.  If  the  direction  of  rotation  of 
one  machine  is  different  from  that  of 
the  other,  when  the  machines  are  exact 
duplicates,  the  phase  rotation  will  be  op- 
posite, c.  J.  F. 

1446 — Service  to  Electric  Welder — In 

order  to  distribute  the  sudden  jolt 
caused  by  a  single-phase  electric  welder 
when  placed  across  one  phase  of  a  220 
volt,  two-phase,  60  cycle,  three-wire 
alternating-current  circuit  it  has  been 
suggested  that  single-phase  power  at 
a  pressure  of  312  volts  be  used,  ob- 
tained from  the  two  outside  wires,  as 
shown  in  Fig.  1446(a).  (a)  How  is 
the  single-phase  load  distributed  be- 
tween the  two  phases?  (b)  What  are 
the  current  components  of  the  power 
supplied  to  the  welder?  (c)  Will 
electrical  apparatus  operate  as  satis- 
factory from  power  so  obtained  as 
when  it  is  placed  across  one  phase? 
(d)  Is  this  scheme  advisable? 

H.  w.  s.  (n.  J.) 

(a)  If  an  electric  welder  is  connected 
to  the  outside  wires  of  a  three-wire, 
two-phase  system  the  voltage  will  be 
the  sum  of  the  two-phase  voltages  times 
0.707,  and  the  current  which  will  flow 
in  the  welder  will  be  dependent  in  mag- 
nitude and  phase  position  upon  this  volt- 
age, (b)  This  current  will  lead  the 
usual  phase  current  in  one-phase  wire 
and  lag  behind  in  the  other  phase  wire. 
The  effect  of  this  will  be  to  cause  a  sud- 
den upward  jolt  in  one  phase  and  a 
downward  jolt  in  the  other  phase,  the 
magnitude  of  which  will  depend  upon 
the  reactance  in  the  power  leads.  The 
resultant  power-factor  of  the  line  will 
be    poor.      (c)     With    this    connection, 


count  of  the  higher  voltage  used  on  the 
welder.  It  may  be  advisable  in  some 
cases  to  use  this  connection  where  wink- 
ing of  liglits  has  been  found  objection- 
able. L.  w.  C. 

1447 — Rotary    Converter    Operation— 

In  a  large  six-phase,  60  cycle  rotary 
converter  the  damper  windings  are 
embedded  in  the  face  of  the  shunt  field 
poles.  Explain  what  would  be  likely 
to  happen  if  this  damper  winding  is 
opened  between  the  poles  and  that  part 
of  the  winding  in  the  gap  between  the 
poles  removed.  Also,  what  effect  would 
tliis  have  on  the  starting  current  taken 
l>y  the  converter  when  started  from  the 
alternating-current  side? 

D.  M.  c.  (n.  c.) 
From  the  standpoint  of  the  operation 
of  commutating-pole  converters,  theoret- 
ically there  should  be  no  closed  circuit 
surrounding  the  commutating  pole.  Such 
a  closed  conducting  path  acts  as  a  sec- 
ondary or  opposing  circuit  in  case  of 
sudden  changes  of  load,  and  prevents  the 
commutating-pole  flux  from  proportion- 
ally following  the  sudden  variations  of 
load  current  when  they  occur.  However, 
from  the  standpoint  of  the  best  arrange- 
ment of  dampers,  to  give  stable  running 
conditions,  a  complete  cage  winding 
tying  all  the  poles  together  is  in  general 
the  most  effective.  In  the  majority  of 
cases,  experience  has  shown  that  the  im- 
provement in  damping  action  of  a  closed 
circuit  winding  more  than  overbalances 
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therefore,  lights  on  the  separate  phases 
will  be  so  affected  that  those  on  one 
phase  will  have  a  sudden  jolt  of  bright- 
ness and  the  other  a  slight  lowering  of 
candle-power.  The  effect  on  either 
phase  will  be  less  than  if  the  welder 
were  directly  connected  to  that  phase,  as 
only  the  reactance  of  a  single  wire  per 
phase  is  effective,  and  the  current 
through  the  outside  wire  is  less  on  ac- 
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"Electrochemistry,"  may  be  secured  di- 
rectly from  the  U.  S.  Patent  Office,  or 
the  specific  copies  desired  may  be  se- 
lected from  the  classified  sets  in  the  At- 
torneys' Room  of  the  Patent  Office  and 
ordered  by  patent  number.  The  cost,  in 
either  case,  will  be  five  cents  each.  The 
selection  will  not  be  made  by  the  Patent 
Office,  but  must  be  made  by  yourself  or 
a  patent  attorney.  W.  G.  C. 

1449 — Transformer    Formula  —  Please 

give  the  formulae  whereby  the  full- 
load  primary  and  secondary  currents 
per  leg,  three-pliase  system,  may  be 
ascertained  for  a  bank  of  three  single- 
phase  transformers  1500  kw  total  ca- 
pacity. The  bank  is  delta,  connected 
both  primary  and  secondary  sides  and 
voltage  ratio  6600/2200.  Also  the 
formulae  if  the  primary  and  second- 
ary were  star  connected,  and  if  a 
combination  of  star  and  delta  were 
adopted,  as  is  so  often  done. 

S.  S.  (S.  AFRICA) 

Neglecting  magnetizing  currents,  the 
current  in  the  high  or  low  voltage 
lines  for  balanced  three-phase  loads  ^ 

K'ix}  X  1000        ,         „  .     , 

—  ,  where  E  is  the  voltage  be- 

twcen  lines  and  F  is  the  power-factor  of 
the  load.  If  the  transformers  are  con- 
nected in  delta  then  the  current  in  the 
transformer  windings  equals  the  cur- 
rent in  the  line  divided  by  -V 3-  If  con- 
nected in  star  the  currents  in  the  wind- 
ings are  the  same  as  those  in  the  lines. 
Examples : — 
I — Assume   isoo  kw.  balanced  three    phase    load. 

0.8  power-factor,  6600  volts  delta  to  2200  volts 

delta. 

TT-     t  ,.  ,•  .  I3OOXIOOO 

High  voltage  hne  current . . .  =    -—^ 

ViXo. 8X6600 

=  164  amperes.  

Current  in  high-voltage  mnding  =l64-f-V3  = 


FIG.    1447(a) 

any  harmful  effects  of  the  closed  sec- 
ondary circuits.  In  Fig.  1447(a)  it  can 
be  seen  how  a  more  uniform  distribution 
of  current  is  obtained  with  a  closed  cir- 
cuit winding  than  with  a  winding  opened 
or  cut  away  at  points  a  and  b.  The  cur- 
rent in  all  bars  under  north  poles  flows 
in  one  direction,  while  current  in  bars 
under  south  poles  flows  in  the  opposite 
direction.  Therefore,  the  current  flow- 
ing under  any  pole  has  its  return  path,  in 
the  bars  of  adjacent  poles,  through  the 
interconnections.  If  the  interconnections 
are  opened,  the  return  path  must  be 
through  bars  in  the  same  pole  face,  and 
the  resistance  of  the  total  circuit  will  be 
materially  increased.  The  closed  circuit 
damper  winding,  therefore,  having  a 
lower  resistance  than  an  open  winding, 
will  require  a  higher  current  to  start  the 
converter  for  a  given  impressed  voltage. 
However,  as  it  has  been  found  that  the 
converter  with  the  closed  winding  will 
start  with  a  lower  impressed  voltage 
than  one  with  an  open  winding,  due  to 
the  elimination  of  dead_  points,  this  in- 
crease in  required  k.v.a.  is  small.  R.  h.  n. 
1448 — Kindly  tell  me  how  I  may  ob- 
tain from  the  Patent  Oflice  at  Wash- 
ington the  patents  of  the  Heroult, 
Girod  and  Stassano  electric  furnaces. 
I  will  appreciate  any  advice  that  you 
give  me  relative  to  procuring  informa- 
tion concerning  these  furnaces. 

G.  H.  s.  (pa.) 

Copies   of   all  patents  in  subclass  64, 

"Electric    Furnaces,"    under    class    204, 


ISOOXIOOO 


=492  amperes. 


■v/Txo.  8X2200 

Current  in  low-voltage  winding  =  492  -i-  V3  =" 
284  amperes. 
2— Assume   isoo  kw.  balanced  three-phase  load. 
0.8  power-factor,  11  400  volts  star  to  3810  volts 
star. 
High-voltage   line   current . . .  = 

iSooXiooo 

=95  amperes. 

VSXo. 8X11400 
Current  in  high-voltage  winding,  same  as  in  line 
=95  amperes. 

1500X1000 

Low-voltage  line  current .  . .  =   —7= 

V3X0. 8X3810 
=  284  amperes. 

Current  in  low-voltage  winding,  same  as  in  line 
=  284  amperes. 
3 — Assume   isoo  kw.  balanced  three-phase  load, 
0.8  power-factor,  11400  volts  star  to  2200  volts 
delta. 

1500X1000 

High-voltage  line  current . .  =       . — 

V3X0.8X11400 
=95  amperes. 

Current  in  high-voltage  winding,  same  as  m  hne 
=95  amperes. 

ISOO X 1 000 
Low-voltage  line  current . 


\/7xo.  8X2200 


=  492  amperes. 
Current  in  low-voltage  wind- 
ing =  492  -^\/J=  284  amperes. 


J.  F.  P. 


1450 — Transformer  Connection — Fig. 
1450(a)  represents  a  bank  of  trans- 
formers with  primaries  delta  con- 
nected and  secondaries  diametrically 
connected  to  a  six-phase  rotary  con- 
verter. Kindly  indicate  by  diagram 
the  relative  direction  of  current  at  the 
places  marked  X  during  one  complete 
cycle.  The  source  of  current  is  a 
three-phase  star-connected  alternator, 
phase  A  leading.  i.  J.  s.  (n.  y.) 
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The  relative  directions  of  currents  in 
the  points  marked  do  not  all  remain  the 
same  for  one  complete  cycle.  This  can 
be  seen  from  the  sine  curves  in  the  right- 
hand  side  of  Fig.  1450(b).  The  left 
side  of  the  figure  gives  the  vector  posi- 
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FIG.  1450  (a)  and  (b) 

tions  of  the  currents,  while  the  right  side 
gives  their  graph  for  one  complete  cycle. 
A  line  passing  through  the  three  sets  of 
curves  and  parallel  with  the  ordinate 
axis,  such  as  L,  gives  the  relative  direc- 
tions of  the  seven  currents  at  the  instant 


corresponding  to  the  time  or  angular 
position  through  which  the  line  is  drawn. 
The  above  is  based  on  the  assumption 
that  the  polarity  of  the  three  trans- 
formers are  such  that  with  the  primary 
and  secondary  leads  at  the  same  end  of 
the  transformer  connected  together,  the 
voltage  between  the  primary  and  sec- 
ondary leads  at  the  other  end  of  the 
transformer  will  be  the  difference  be- 
tween primary  and  secondary  voltages. 
If  the  voltage  measured  is  the  sum  of 
the  primary  and  secondary  voltages,  then 
the  values  X,..  X„  and  A',  should  be  re- 
versed, i.  e.,  shifted  180  degrees.       j.  F.  P. 

1451 — Operation  of  Induction  Motor — 

On  an  ordinary  induction  motor  of 
the  slip-ring  type,  is  there  any  advan- 
tage, when  stopping,  in  opening  the 
stator  or  rotor  circuits  first?  I  believe 
in  pulling  the  stator  switch  and  after- 
wards returning  the  rotor  switch  to 
the  "off"  position.  If  there  is  any- 
thing to  be  gained  either  way,  please 
tell  me  why.  r.  p.  g.  (Australia) 

The  stator  should  be  opened  first  as 
you  are  doing.  The  reason  for  this  is 
the  general  principle  of  never  opening 
the  stator  winding,  unless  unavoidable, 
when  the  rotor  winding  is  already  open. 
The  physical  reason  back  of  this  is  that 
if  a  coil  which  surrounds  a  laminated 
iron  circuit  be  opened  while  it  is  carry- 
ing current,  the  magnetization  in  the  iron 
may  fall  to  zero  at  a  very  rapid  rate.  If 
there  is  a  second  idle  coil  surrounding 
the  same  iron  circuit  it  may  have  in- 
duced in  it  a  voltage  two  or  three  times 
the  normal  value  by  the  rapid  change  of 
flux  caused  by  opening  the  active  coil 
first.    As  applied  to  an  induction  motor 


this  means  that  if  the  rotor  circuit  is 
opened  first  and  then  the  stator  opened, 
the  flux  may  fall  so  fast  as  to  induce  a 
dangerously  high  potential  in  both  the 
stator  and  rotor  windings.  On  the  other 
hand,  if  the  stator  is  opened  first  the 
rotor  winding,  being  closed  and  acting 
as  the  secondary  coil  of  a  transformer, 
acts  as  a  damper  to  prevent  the  magnetic 
flux  changing  its  value  rapidly.  The 
reason  for  this  is  elementary  and  is  due 
to  the  fact  that  as  the  flux  starts  to  fall 
the  change  in  its  value  causes  a  current 
to  flow  in  the  closed  rotor  winding,  and 
the  effect  of  the  ampere  turns  so  set  up 
is  to  hold  up  the  value  of  the  flu.x  and 
prevent  further  change  in  its  value. 
Being  so  restrained  the  flux  can  die  out 
only  gradually,  and  in  this  way  is  pre- 
vented from  inducing  excessive  voltages 
in  the  primary  winding  which  is  already 
open.  In  some  cases  it  is  a  matter  of 
several  seconds  before  the  flux  finally 
reaches  a  zero  value.  There  is  ordi- 
narily sufficient  margin  in  the  insulation 
of  induction  motors  to  stand  the  extra 
strain  imposed  by  opening  the  rotor 
first,  but  it  is  much  preferable  to  stop 
them  in  the  manner  you  describe. 

A.  M.  D. 


CORRECTION 


In  the  Journal  for  March,  1917,  page 
97,  right  column,  the  last  phrase  in  the 
definition  of  K  should  read  "K  =  100  X 
1000,  and  A  must  be  measured  in  square 
inches."  On  page  107,  the  fifth  line  from 
the  bottom,  right  column,  was  omitted. 
It  reads  "variations  does  not  exceed  ten 
percent.    In  the  case  of" 
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Saves    Money 


Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward-Leonard    Resistance 

to   screw  into  a  socket   and    re- 
place lamps. 

WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON,  N.  Y. 


J 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance — not  to  give  light. 

It  offers  an  interchangeable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light — think 

WARD  LEONARD 
The 

Resistance  Specialists 


Bad  &  Westburg  Electric  Co.,  Chicago,  III.        John  B.  Sebring,  Pittsburgh,  Pa.       Wm.  Miller  Tompkins,  Philadelphia,  Pa. 
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The  purpose  of  this  section  is  to  present  accepted,        The    co-operation    of    all    those    interested    in 
practical  methods  used  by  operating  companies             operating  and  maintaining  railway  equipment  is 
throughout  the  country.                                            invited.       Address    R.    O.  D.  Editor. 
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Banding  Armatures 


In  a  railway  armature,  centrifugal  force  tends  to  throw  the 
windings  out  of  the  core,  and  the  bands  are  subjected  to  a  con- 
tinuous varying  strain  due  to  this  force.  Thus  it  is  important 
that  these  bands  be  put  on  with  great  care.  They  should  hold 
the  coils  firmly  in  place,  as  any  movement  tends  to  wear  the 
insulation  and  cause  grounds.  Such  movement  also  is  liable  to 
produce  a  break  in  the  copper  leads,  where  they  are  soldered  rig- 
idly into  the  commutator. 

HEATING 

Since  the  coil  insulation  shrinks  upon  being  heated,  it  is 
necessary  to  shrink  it  as  much  as  possible  before  the  final  band- 
ing wire  is  appUed.  This  is  done  by  heating  the  whole  arma- 
ture to  about  75  degrees  C,  when  the  insulation  becomes  pliable 
and  can  be  pressed  down  into  permanent  shape. 

TEMPORARY  BANDS 

The  hot  armature  is  then  mounted  in  a  lathe,  protecting 
strips  of  cloth  are  placed  over  the  end  vifindings,  a  temporary 
banding  wire  is  wound  over  the  coils  with  enough  tension  to 
draw  them  down  into  place,  and  the  ends  are  fastened  by  sol- 
dering tin  clips  over  the  wire.  The  armature  is  then  allowed 
to  cool.  After  the  temporary  wires  are  removed  the  armature 
is  ready  for  the  permanent  banding. 

BANDING  MACHINE 

When  a  banding  machine  is  used,  the  tension  in  the  wire  is 

regulated  by  passing  it  over  a  train  of  friction  pulleys,  mounted 


few  turns  of  twine.  The  drilling  hood  or  head  is  wrapped 
around  the  neck,  extending  about  an  inch  from  the  edge  and 
placed  inside  out.  After  this  end  is  secured  with  twine,  the  free 
end  of  the  hood  is  pulled  back  over  the  windings,  bringing  the 
outside  of  the  hood  at  the  surface  and  making  a  neat  folded- 
under  edge.  This  hood  is  also  held  temporarily  with  twine 
until  the  wire  is  applied.  The  other  end  of  the  armature  is 
similarly  covered  with  a  hood  and  banded.  In  Fig.  3  is  shown 
a  complete  armature  properly  banded,  and  being  soldered. 

TENSION  TO  BE  APPLIED 

The  proper  tension  varies  with  the  size  of  wire  and  the 
construction  of  the  end  windings.  When  the  end  coils  have  no 
rigid  support  and  extend  out  a  considerable  distance  from  the 
core,  the  tension  is  gradually  reduced,  as  shown  in  Table  I. 

TABLE  I — POUNDS  TENSION  FOR  BANDING  WIRES 


Diani.  of  Wire 
Inches 

Core  Bands 

End   Bands                            | 

At  Core 

At  End  of  Wdg. 

0.04s 
0.0641 
0.0803 

300 
300 
400 

I7S 

250 

300 

160 
36a 

li'irc — The  best  material  is  a  high-grade  steel  piano  wire, 
having  a  final  breaking  strength  of  200  000  lbs.  per  square  inch. 
For  tcmporarj-  bands  a  cheaper  grade  can  be  used. 


on  the  carriage,  as  shown  in  Fig.  i.  The  friction  of  the  pulleys 
can  be  adjusted  to  any  desired  value  by  the  regulating  screws. 
In  the  absence  of  such  a  device,  fair  results  can  be  obtained  by 
passing  the  wire  two  or  three  times  around  a  round  wooden 
banding  stick  approximately  two  inches  in  diameter  and  adjust- 
ing the  tension  by  hand,  as  shown  in  Fig.  2. 

CORE  BANDS 

When  core  bands  are  used,  the  grooves  are  fitted  with  thin 
strips  of  tin.  which  protect  the  coils  from  the  cutting  action  of 
the  bands.  In  starting  the  permanent  banding,  a  few  turns  are 
first  made  at  one  end  to  secure  the  necessary  tension.  All  the 
banding  groups  are  wound  on  continuously,  to  eliminate  the 
necessity  of  fastening  the  ends  of  each  group  as  they  are  wound. 
The  bands  are  held  together  and  the  ends  are  fastened  by  means 
of  narrow  tin  strips  placed  under  the  wires,  bent  back  over  the 
top  aiid  held  by  pure  tin  solder.  These  strips  are  inserted  while 
the  wire  is  being  fed  on  and  are  located  about  every  three  inches 
around  the  armature,  with  closer  spacing  at  the  beginning  and 
end  of  each  band.  For  the  core  bands,  these  strips  are  placed  in 
the  slots  and,  being  wider  than  the  groove,  they  prevent  any 
tendency  for  the  bands  to  slide  around  the  armature.  The  ends 
of  the  groups  are  then  cut  and  secured  by  being  bent  back  out- 
side one  clip  and  inside  the  next  one.  Pure  tin  solder  is  ap- 
plied to  the  whole  surface  of  the  bands,  forming  a  solid  web. 

END  BANDS 

The  end  windings  are  secured  by  groups  of  wire  which  are 
wound  on  insulating  hoods  to  protect  the  coils.  On  the  com- 
mutator end,  strips  of  thin  mica  with  overlapping  ends  are  usu- 
ally placed  on  the  commutator  neck  and  held  in  place  with  a 


2  FIG.  3 

Solder — Pure  tin  should  be  used,  as  this  gives  a  band  that 
will  hold  together  for  a  longer  time  than  half-and-half  solder. 

Flux — 1.5  pounds  of  powdered  rosin,  dissolved  in  one  quart 
of  denatured  or  wood  alcohol. 

Tin  Clips  and  Strips  should  be  of  commercial  sheet  tin 
about  0.012  in.  thick. 

PRECAUTIONS 

I — Use  a  band  wire  that  is  strong  enough  to  prevent  move- 
ment due  to  high  speed  and  vibration. 

2 — Secure  the  ends  of  all  band  wires  under  the  clips. 

3 — See  that  the  bands  are  below  the  surface  of  the  core  to 
keep  them  from  rubbing  on  the  poles. 

4 — Before  applying  core  bands,  see  that  the  tops  of  the  coils 
are  about  1/32  in.  above  the  band  groove,  so  that  the  bands  pull 
the  coils  down  even  with  the  core.  If  the  coils  are  too  high  and 
the  bands  do  not  rest  on  the  cores,  loose  bands  will  result  when 
the  insulation  dries  out. 

5 — Wind  all  core  bands  in  one  operation. 

6 — In  soldering,  use  a  four-pound  clean  iron,  well  tinned. 

SUMMARY 

Bands  to  be  effective  should  be  kept  tight.  If  they  are 
allowed  to  become  loose,  grounded  armatures  and  broken  leads 
may  result.  It  is  considered  good  practice  to  reband  new  or 
newly  rewound  armatures  after  about  12  to  18  months  as  a 
safety-first  measure ;  and  to  make  renewals  on  old  ones  when- 
ever the  bands  start  to  loosen.  The  service  conditions — tem- 
perature and  speed — largely  determine  the  length  of  time  that 
bands  will  hold  tight.  One  large  operating  company  rebands  all 
armatures  every  two  years. 
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"You  understand,  of  course,  that  the 
purpose  in  preparing  this  article  on  the 
old  Fuel  Gas  and  Electrical  Engineer- 
ing Company  was  to  pay  a  tribute  to 
Mr.  Westinghouse  and  not  to  present  a  technical  article 
on  gas  or  the  work  done  when  we  sweat  blood  and  tar 
over  on  the  South  Side  trying  to  disprove  the  law  of  the 
conservation  of  energy."  So  reads  Mr.  Gow's  own  com- 
ment upon  his  contribution  which  appears  in  this  issue. 
It  is  hard  to  understand  at  the  present  time  how  some 
of  the  old-time  problems  were  so  difficult,  when  their 
solution  is  now  so  familiar.  But  it  is  a  fact  that  the  sub- 
division of  the  electric  current  so  that  several  lamps  sup- 
plied from  a  single  source  could  be  individually  turned 
on  or  off  without  disturbing  the  others  was  held  by  some 
eminent  men  to  be  an  impossiblity  only  a  few  years  be- 
fore the  first  central  stations  started. 

Mr.  Gow's  account  of  the  struggle  for  existence  by 
tlie  alternating  current  may  be  something  of  a  surprise 
to  the  younger  generation ;  while  the  alarm  of  the  gas 
industry  or  the  specter  of  the  incandescent  lamp  which 
was  to  bring  about  its  ruin  is  another  chapter  of  nearly 
forgotten  history.  W  hen  the  new  thing  comes  the  old 
does  not  always  pass  away ;  it  may  be  modified  and 
changed,  and  the  new  and  old  may  supplement  and  react 
upon  one  another  to  their  mutual  benefit. 

The  article  is  one  of  personal  interest ;  it  is  a  story 
of  tests  boldly  conceived,  with  far-sighted  vision  of  a 
future  relation  of  gas  and  electricity,  backed  by  courage 
and  capital  and  conducted  by  a  "mighty  good  gang — 
Dupuy,  Ruud,  Merkle,  Christman,  Walker,  Todd  and  a 
few  more,  possessed  with  a  superlative  of  faith  and  an 
abundance  of  you'.h" — as  Gov/  puts  it. 

Few  men  appreciate  how  many  different  kinds  of 
things  Mr.  Westinghouse  v/as  interested  in.  For  exam- 
ple, the  commercial  distribution  and  general  use  of  nat- 
ural gas  resulted  from  his  engineering  and  financial 
leadership.  It  is  said  that  Pittsburgh  was  in  danger  of 
losing  an  extension  of  its  matiufacluring  industries 
through  transfer  to  the  lakes,  but  the  development  of 
natural  gas  as  a  fuel  v;as  the  deciding  point.  It  was 
his  keen  appreciation  of  natural  gas  that  led  him  to  seek 
so  persistently  for  a  universal  fuel  gas.  Some  of  his 
visions  and  hopes  were  not  realized,  but  many  were. 

\Micn  a  boy  Mr.  Westinghouse  is  reported  to  have 
built  a  rotary  engine  in  his  father's  shop.  The  rotary 
engine  vv-as  his  hobby;  he  worked  on  it  year  after  year; 
he  went  to  the  testing  room  early  in  the  morning  to  wit- 
ness its  progress,  and  when  away  sent  daily  messages 
hy  telegraph  and  telephone — the  reciprocating  engias 
must  go.    One  day  about  twenty  years  ago  he  remarked 


to  a  friend: — "I  find  that  I  have  been  working  on  a 
wrong  principle ;  the  Parsons  method  is  better  and  I  am 
going  to  develop  it."  He  dropped  his  own  scheme,  at 
which  he  had  labored  so  long,  without  hesitation  or  ap- 
parent regret  when  he  was  convinced  there  was  some- 
thing better,  and  threw  his  full  effort  into  perfecting  the 
better  one.  And  it  is  no  small  tribute  to  his  penetrating 
vision  that  the  rotary  turbine  engine  and  the  alternating- 
current  generator,  which  he  protected  so  vigorously  in 
its  early  days,  have  now  combined  together  in  the  turbo- 
generator, and  have  transformed  the  whole  art  of  pro- 
ducing electric  power  through  the  combination. 

Ch.\s.  F.  Scott 


Induction  '"^^  article  entitled  "Reconnecting  In- 
»«  duction   Motors,"  which  appeared  in 

the  Journal  for  February,  1916,  was 
^  received  with  so  much  favor;  and  in- 

quiries for  additional  information  on  the  same  general 
subject,  particularly  for  detailed  diagrams  of  connec- 
tions, have  been  so  numerous,  that  the  author,  Mr.  A.  M. 
Dudley,  was  asked  to  prepare  a  full  set  of  diagrams  of 
all  the  practicable  combinations  of  polyphase  windings 
with  series,  and  parallel  groups,  star  and  delta  connec- 
tions, for  the  usual  numbers  of  poles. 

By  the  convention  used  by  Mr.  Dudley,  which  has 
'been  standard  in  the  Journal  for  a  number  of  years, 
whereby  a  short  arc  represents  the  end  connections  of 
the  group  of  coils  which  comprise  one  phase  under  one 
pole,  it  is  possible  to  make  one  diagram  of  connections 
cover  a  wide  variety  of  induction  motor  windings.  Thus 
the  diagrams  presented  will  cover  the  diamond,  the  con- 
centric and  the  "basket"  form  of  coils,  one  or  several 
coils  per  slot,  or  any  other  type. 

The  very  simplicity  of  this  convention  provides,  how- 
ever, a  pitfall  for  the  inexperienced  winder.  For  exam- 
ple, in  the  article  are  shown  photographs  of  an  eight- 
pole,  60  cycle  motor  and  of  a  four-pole,  25  cycle  motor 
having  the  same  number  of  coils  and  slots.  So  far  as  the 
connection  diagram  alone  is  concerned,  the  first  machine 
could  be  laid  out  for  four  poles  just  as  well  as  for  eight 
poles,  each  pole  phase  group  having  twice  the  number  of 
coils  as  in  the  original  winding.  Such  a  diagram  would 
appear  perfectly  correct  on  paper  and  could  be  checked 
by  the  rules  given  to  assure  that  the  phases  and  groups 
were  all  in  the  correct  order  and  of  correct  polarity.  The 
throw  of  the  coils  would,  however,  be  incorrect,  and  a 
motor  so  connected  would  give  poor  performance. 
Hence  the  importance  of  knowing  the  correct  throw  and 
the  number  of  poles  and  phases  for  which  the  niachi:ie 
was  originally  desirned.  Ciias.  R.  Riker 
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Wirt  S.  Scott 

Industrial  Heating  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 


THE  problem  of  baking  or  drying  involves  a  com- 
bination of  temperature  and  time.  ■  Often  the 
desired  result  can  be  secured  at  a  high  tempera- 
ture in  a  short  length  of  time,  or  at  a  lower  temperature 
in  a  longer  period  of  time.  Since  the  length  of  baking 
depends  upon  the  time  required  to  bake  the  material  in 
the  coolest  part  of  the  oven,  the  baking  or  drying  can  be 
accomplished  in  a  much  shorter  period  if  the  tempera- 
ture of  the  oven  is  uniform  throughout.  The  best  re- 
sults would  be  accomplished  by  having  all  of  the  heat 
hberated  at  the  floor  line  and  distributed  uniformly 
over  all  parts  of  the  floor;  but  since  this  is  impracticable 
with  most  ovens,  the  next  best  method  is  to  generate 
the  heat  at  the  side  walls,  or  at  the  center,  and  as  near 
the  floor  as  possible.  This  is  accomplished  successfully 
only  by  means  of  electric  heat. 

With  the  open  gas  burner,  the  heat  is  generated  near 
the  floor,  but  the  heating  is  accomplished  entirely  by 
convection  currents,  which  travel  upward  and  not  out- 
ward to  any  appreciable  extent,  with  the  result  that  it 
is  difficult  to  bake  the  work  thoroughly  in  the  middle 
portion  of  the  oven  without  overbaking  that  near  the 
sides.  With  indirect  gas,  heating  is  accomplished  by 
means  of  convection  currents  and  radiation.  The  con- 
vection currents  are  carried  upward  in  the  same  man- 
ner as  with  the  open  gas  burner,  heating  the  work  near 
the  walls,  and  producing  a  hot  ceiling.  The  radiant 
heat  is  generated  uniformly  from  the  floor  to  the  ceil- 
ing, with  the  result  that  a  large  quantity  of  heat  is  liber- 
ated in  the  upper  half  of  the  oven,  which  is  already 
overheated  due  to  the  convection  currents.  The  effect 
of  an  uneven  distribution  of  heat  is  to  overbake  the 
work  in  the  upper  part  of  the  oven  in  order  to  bake 
properly  that  in  the  lower  part,  with  the  result  that  the 
gloss  is  not  only  impaired,  but  the  enamel  loses  its  elas- 
ticity, becomes  brittle,  and  chips  ofT  after  it  has  been  in 
service  a  comparatively  short  time. 

With  electrically-heated  ovens,  the  heaters  may  be 
placed  on  the  side  walls,  occupying  the  lower  half  of 
the  walls  and  occupying  approximately  50  percent  of 
the  space  used  by  the  indirect  gas  heaters.  Since  this 
heat  is  generated  in  the  lower  half  of  the  oven,  the 
work  in  the  bottom  of  the  oven  has  a  chance  to  absorb 
this  heat,  so  that  the  heating  progresses  more  uniformly 
throughout  the  oven,  giving  a  more  uniform  bake  in  a 
minimum  length  of  time. 

S.JiFETY   FIRST 

Fires  which  frequently  occur  in  gas  ovens  are  due 
to  three  causes  : — i — The  incomplete  combustion  of  the 


vapor  of  the  fuel  gas  in  the  oven ;  2 — The  combustion 
of  the  volatile  vapors  which  are  driven  out  from  the 
enamel ;  3 — The  temperature  of  the  oven  increasing  be- 
yond the  normal  operating  temperature. 

Fires  due  to  fuel  gas  may  be  attributed  to  a  number 
of  causes  which  are  unnecessary  to  dwell  upon,  as  one 
can  readily  picture  the  various  possibilities  of  having 
fires  and  explosions  when  dealing  with  a  combustible 
and  explosive  gas  used  in  large  quantities  and  under 
conditions  where  a  large  volume  may  collect.  This  in 
itself  presents  a  great  fire  risk  and  possibility  for  dis- 
astrous explosions  and,  when  combined  with  the  human 
elements,  the  chances  for  accidents  are  increased  many. 
times. 

The  enamel  used  on  automobiles  is  thinned  with 
naphtha.  In  the  baking  process,  the  naphtha  is  evap- 
orated and  the  vapors  are  liberated  within  the  oven. 
When  an  oven,  say  20  feet  wide,  20  feet  deep  and 
8  feet  high,  is  filled  with  fenders  or  other  automobile 
parts,  which  hang  together  very  closely,  a  large  vol- 
ume of  naphtha  vapor  will  be  given  ofif.  The  quicker 
the  baking  period,  the  more  rapidly  the  vapors  are 
driven  off ;  and  the  more  rapidly  volatile  gases  are 
formed  the  more  ventilation  will  be  required  to  keep 
the  gases  out  of  the  oven  or  to  keep  them  diluted  below 
the  point  where  an  explosive  mixture  is  formed.  Com- 
bustion may  be  obtained  at  almost  any  temperature, 
depending  upon  the  richness  of  the  mixture.  The  only 
positive  way  to  avoid  fires  in  ovens  due  to  the  volatile 
gases  which  are  driven  off  from  the  enamel  is  to  have 
ample  ventilation.  Ordinarily  from  ten  to  twenty 
changes  of  air  per  hour  is  sufficient,  the  variation  de- 
pending upon  local  conditions. 

During  the  earlier  part  of  the  bake,  a  heavy  smoke 
is  given  off  containing  a  considerable  quantity  of  vapor 
which,  when  condensed,  forms  a  tar  substance.  This 
condensation  takes  place  unavoidably  and  not  by  de- 
sign, in  the  vent  pipes  leading  from  the  oven.  If  the 
temperature  of  the  oven  should  increase  beyond  the 
normal  operating  temperature  there  is  always  danger 
that  this  tar  will  take  fire  in  the  flue  and  the  fire  finally 
work  its  way  back  into  the  oven  and  ignite  the  volatile 
gases. 

The  danger  inherent  in  the  use  of  fuel  gas  is  en- 
tirely eliminated  in  the  electrical  installations  by  the  use 
of  automatic  temperature  control  instruments,  which 
can  be  set  so  as  to  maintain  the  temperature  in  the  oven 
within  a  definite  limit,  cutting  oft  all  or  a  sufficient 
number  of  the  heaters  to  limit  the  temperature  of  the 
oven  to  a  predetermined  value. 
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By  proper  judgment  in  the  matter  of  ventilation, 
and  proper  precautions  to  see  that  this  ventilation  is 
maintained,  the  electric  enameling  ovens  may  be  made 
absolutely  safe.  It  is  of  the  utmost  importance  that 
ample  ventilation  is  obtained  at  all  times,  which  necessi- 
tates a  periodical  inspection  of  the  vent  pipes  to  see  that 


FIG.    I — INSTALL.\TION    OF   ELECTRIC    HE.\TERS    IN    ,\N 
ENAMELING   OVEN 

Showing  protecting  wire  screen  and  door  switch  at  top  of  oven. 

the  ventilation  is  not  becoming  impaired  by  the  tar  con- 
densation. 

QU.\LITV    OF    PRODUCT 

The  quality  of  the  product,  as  effected  by  ditiferent 
forms  of  heating,  depends  upon  the  kind  of  heat  used, 
the  uniformity  of  temperature,  the  length  of  the  bake 
and  the  amount  of  dust  introduced  in  the  ovens  due  to 
the  form  of  heat  used.  The  baking  of  enamel  by  con- 
vection currents  is  accomplished  by  heating  and  baking 
the  enamel  on  the  outer  surface  first  and  gradually  heat- 
ing and  baking  inward  toward  the  metal.  This  method 
of  baking  has  the  objection  that  the  outer  surface  is  set 
first  and,  as  the  heat  penetrates  to  the  inner  part,  the 
vapor  and  gases  produced  must  be  driven  out  through 
the  surface  which  has  set,  causing  minute  craters  or 
pores  over  the  entire  surface.  Such  a  finish  is  sus- 
ceptible to  the  weather,  moisture  quickly  working  its 
way  through  the  craters  or  pores  formed  by  the  escap- 
ing gases  and  fumes  and  in  course  of  time  causing  the 
enamel  to  flake  off. 

In  baking  enamel  by  radiant  heat,  such  as  is  largely 
produced  by  electric  heaters,  the  baking  is  done  from 
the  metal  outwards,  which  is  the  ideal  method.  The 
indications  are  that  the  layers  next  to  the  metal  are 
baked  first  and  the  successive  layers  are  baked  from 
the  metal  outward,  driving  out  the  vapors  and  gases 


through  the  wet  enamel,  with  the  result  that  any  open- 
ings or  pores  formed  to  allow  the  escape  of  vapor  or 
gases  have  sufficient  time  to  knit  together,  giving  a 
more  homogeneous  product,  with  a  much  smoother  and 
glossier  surface. 

If  the  temperature  in  any  portion  of  the  oven  be- 
comes excessive,  or  if  the  maximum  temperature  re- 
quired is  maintained  for  too  long  a  period,  overbaking 
results,  producing  a  brittle  product  which  is  not  dura- 
ble and  which  soon  chips  off  when  subjected  to  vibra- 
tion and  shock.  This  condition  occurs  in  all  cases 
where  a  great  difference  in  temperature  exists  in  the 
ovens,  such  as  is  generally  produced  by  direct  or  indi- 
rect gas  heaters. 

With  direct  gas,  and  to  a  more  or  less  extent  with 
indirect  gas,  the  products  of  combustion,  consisting 
largely  of  carbon,  are  liberated  directly  into  the  oven, 
causing  numerous  small  particles  of  carbon  to  settle  on 
the  enamel,  thus  producing  dirty  work.  This  condi- 
tion has  been  remedied  somewhat  by  the  indirect  type 
of  gas  oven,  but  only  to  a  degree,  since  the  numerous 
openings  around  the  stove-pipe  joints  permit  burned 
gases  from  the  combustion  chambers  to  pass  directly 
into  the  oven  whenever  the  path  of  least  resistance  for 
the  gases  would  be  through  the  vent  pipes  of  the  oven 
instead  of  through  the  combustion  flues. 

ELECTRICAL    EQUIPMENT 

The  heating  unit  for  an  electrical  equipment  con- 
sists of  a  ribbon-type  heater,   rated  at  2.5  kw  at   120 


FIG.    2 — TYPICAL    INSTALLATION    OF    ELECTRIC    HEATERS 

A  middle  row  of  heaters  was  installed  to  obtain  a  more  uniform 
distribution  of  heat. 

volts.  Any  number  of  these  heaters  may  be  installed 
in  an  oven  and  connected  to  any  power  circuit  which 
may  normally  be  supplied, — single-phase  or  polyphase; 
1X0,  220  or  440  volts.    On  220  volt  service  two  heaters 
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are  connected  in  series,  and  on  440  volt  service  four 
heaters  are  connected  in  series.  Three-phase  power 
circuits  are  ordinarily  used,  the  heaters  being  connected 
three-phase,  with  the  circuits  balanced.  The  resistor 
ribbon  is  wound  on  fireclay  bushings,  which  are 
assembled    on    steel    rods,    between    pressed    steel    end 


FIG.  3 — -^   RIBBON-TYPE  OVEN    HE.ATER 

Rated  at  2.5  kw,  120  volts. 

frames.  The  ends  of  the  ribbons  are  secured  to  ter- 
minals which  are  clamped  to  the  steel  rods,  the  rods 
therefore  becoming  the  terminals  for  the  heater.  Bus- 
bars may  be  mounted  directly  above  the  heaters  and 
supported  by  insulators  bolted  to  the  end  plates.  Spe- 
cial cold-rolled  steel  connectors  are  used  for  connecting 
from  the  steel  terminal  rods  of  the  heater  to  the  bus- 
bars.    Connection  to  the  bus-bars  is  made  by  bus-bar 

clamps,  thus  elim- 
inating the  necessity 
for  drilling  bus-bars. 
Hooks  are  used  to 
hang  the  heaters  to 
the  supporting  steel 
work,  thereby  elim- 
inating the  necessity 
for  drilling  a  n  d 
aligning  the  supports 
before  the  heaters 
can  be  installed.  The 
advantages  claimed 
for  this  type  of 
heater  and  acces- 
sories are : — 

/ — Entire  elimina- 
tion of  all  sharp 
bends  in  the  ribbon. 
The  expansion  and 
contraction  of  the 
ribbon,  due  to  alter- 
nately heating  and 
cooling,  causes  the 
ribbon  to  crystallize 
at  any  short  bend, 
with  the  result  that 
sooner  or  later  the  ribbon  will  break  at  that  point. 

2 — Heavy  dropped-forged  steel  terminal  connectors 
for  the  ribbons  are  used.  Short  bends  in  ribbon,  to- 
gether with  the  terminal  connections,  have  been  respon- 


FIG.  4 — TYPIC.M.  COKTROI,  PANEL  FOR  'AN 
ELECTRIC  ENAMELING  OVEN 


sible  for  most  of  the  trouble  in  enameling-oven  heaters. 
In  the  heater  shown  in  Figs,  i  and  3  the  ribbon  is 
clamped  by  means  of  a  heavy  steel  clamp  to  a  one-half 
inch  steel  rod  constituting  one  of  the  supports  for  the 
insulator  spools.  This  connection  is  permanent,  thereby 
ehminating  the  probability  of  getting  kinks  or  short 
bends  in  the  ribbon,  which  is  apt  to  occur  if  the  end  of 
the  ribbon  has  to  be  handled  during  the  installation  of 
the  heaters. 

5 — Positive  contact  is  assured  by  the  one-half  inch 
bolt  connector,  and  heater  terminals  consist  of  one-half 
inch  threaded  steel  rods  with  lock  nuts. 

4 — Connections  from  heater  to  heater  and  from 
heater  to  bus-bars  are  made  with  cold-rolled  flat  steel. 
Where  small  terminals  and  wire  connectors  are  used, 
the  expansion  and  contraction  causes  continual  work- 
ing of  the  connections  which,  in  time,  causes  poor  con- 
tact, followed  by  an  overheated  connection  and  conse- 
quent burn-out. 

5 — The  heaters  are  designed  to  hang  on  angle  or 
channel  iron,  strap  ^^  Th,>,-pha,c  l,„o 

iron  or  pipe.    After  ♦>-,     +u  41.. 

the  customary  iron 
supports  have  been 
placed  in  position, 
the  heaters  can  be 
hung  on  without 
any  drilling  or  bolt- 
ing. This  feature 
has  the  following 
advantages : — 

a  —  Tt  eliminates 
all  drilling  of  iron 
work  in  the  oven. 

h — It  permits 
quick  intiUatijn  or 
replacement. 

c — 1  t  ]>  e  r  m  i  t  s 
ready  rearrangement 
of  the  heaters.  The 
heaters  can  he  lift.-d 
nf¥  the  hangers  and 
hooked  on  ^elsewhere, 
jr  moved  along  on  the 
siifports  so  as  to  dis- 
tribute tlic  hiat  to  points  where  it  is  later  found  necessary  to 
increa.se  or  decrease  the  heat,  in  order  to  produce  a  uniform 
bake  at  all  points  of  the  oven. 

rf— It  permits  the  heater  to  expand  or  contract  without  re- 
striction. 

6 — The  bus-bars  are  mounted  on  the  heater  frame 
and  are  a  part  of  the  heater,  rctiuiring  no  other  sup- 
ports. They  are  made  of  cokl-rolled  steel,  and  rest  in 
the  slots  of  special  moulded  insulators,  bolted  to  the  end 
frames  of  the  heaters.  Steel  connectors  from  the  heaters 
are  bolted  to  the  bus-bars  by  steel  clamps,  thus  entirely 
eliminating  drilling  of  bus-bars  for  the  connecting  bolts. 
By  this  arrangement  also  the  heater  may  be  moved  or  in- 
stalled at  any  point  v.-ithcut  redrilling  the  bus-bars. 

7 — Expansion  and  contraction  of  heaters,  con- 
nectors and  bu.vbars  is  a  very  serious  matter  and  has 
been  the  cause  of  a  great  amount  of  trouble  in  the  past. 
This  is  taken  care  of  in  an  ideal  manner  in  the  oven 
heater,  which  is  f;ec  to  expand  and  contract,  without 


FIG.  5 — DIACP.AM  CI"  CONN::cTIONS  OF 
CCNTIICL  PANEL  SHOWN  l;.'  FIG.  4 
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any  straining  or  buckling  whatsoever,  retaining  its 
original  shape  and  form  under  all  temperatures.  The 
bus-bars,  resting  in  the  slots  of  the  insulators  mounted 
on  the  heaters,  are  free  to  expand  independently  of  the 
oven  v^'alls  or  heater,  or  may  expand  to  such  an  extent 
as  to  move  the  heater  laterally  along  on  the  iron  sup- 
ports. This  ability  of  the  heater  to  expand  with  the 
bus-bars  is  of  prime  importance.  If  the  bus-bars  ex- 
pand laterally  and  the  heater  is  unable  to  follow  the 
expansion  in  exactly  parallel  lines,  a  tension  results  be- 
tween the  heater  and  the  bus-bars,  causing  a  working 
back  and  forth  of  the  connections,  which  in  a  very 
short  time  causes  loose  connections  and  a  burn-out. 

8 — -The  flanged  end  plates  of  the  heaters  provide 
ample  facilities  for  attaching  guard  wires  or  protecting 
screens.  Separate  mountings  are  not  required  for  pro- 
tecting screens,  since  these  can  be  attached  directly  to 
the  heaters. 

p — The  heater  and  protecting  screen  may  be 
mounted  in  a  space  not  to  exceed  seven  inches  from 
the  oven  wall. 

10 — The  heaters  may  be  mounted  in  a  row  in  the 
middle  of  an  oven  with  equal  ease,  and  without  any 
special  arrangement.  One  heater  may  be  mounted  on  top 
of  another,  the  two  being  bolted  together  with  an  iron 
strap,  and  the  top  heater  only  carrying  the  bus-bars. 


The  standard  form  of  control  apparatus  consists 
primarily  of  magnet  switches  or  contactors.  The  sim- 
plest form  of  control  consists  of  a  pushbutton  station, 
with  On  and  Ojf  buttons.  In  the  majority  of  cases, 
however,  in  addition  to  this  pushbutton  station,  there 
is  required  a  temperature  control  instrument  by  means 
of  which  the  temperature  is  maintained  practically  con- 
stant, continuously  and  entirely  automatically  through- 
out the  operating  period.  In  some  installations  all  of 
the  heaters  are  controlled  by  the  thermostat,  conse- 
quently when  the  temperature  reaches  the  maximum 
point  they  are  all  cut  off,  and  when  it  drops  to  the 
minimum  point  they  are  all  cut  on  again.  In  other 
cases  a  sufficient  number  of  heaters  are  connected  to  a 
permanent  circuit  so  as  to  be  independent  of  the  tem- 
perature-control instrument,  for  supplying  the  heat  lost 
through  radiation,  ventilation  and  for  heating  a  certain 
percentage  of  the  work  entering  the  oven.  This  num- 
ber should  be  just  sufficient  to  prevent  the  temperature 
from  reaching  a  predetermined  maximum  value  with 
the  minimum  amount  of  work  which  may  be  in  the 
oven  at  one  time.  The  other  heaters  are  placed  on 
the  temperature-control  circuit,  and  must  form  a  suf- 
ficient portion  of  the  total  to  maintain  the  maximum 
temperature  desired  when  operating  under  a  maximum 
load. 
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TAPE  used  in  electrical  work  may  have  two  func- 
tions, electrical  and  mechanical.  While  it  is  usu- 
ally necessary  that  it  have  insulating  properties, 
its  most  important  application  is  that  of  a  binding  ma- 
terial for  holding  parts  together.  For  such  an  applica- 
tion the  mechanical  strength  of  the  tape  is  really  of 
principal  importance.  When  used  for  insulating  pur- 
poses its  function  is  to  increase  the  dielectric  strength  of 
the  insulation  between  the  parts  which  are  separated. 
For  instance,  an  air-gap  of  0.030  inch  between  needle 
points  will  break  down  at  about  1000  volts,  while  three 
thicknesses  of  varnished  camlbric  with  a  total  thickness 
of  0.030  inch  will  break  down  at  about  20  000  volts.  The 
tape  also  provides  mechanical  separation  of  the  parts 
which  are  insulated,  not  only  keeping  them  apart,  but 
preventing  them  from  being  short-circuited  by  conduct- 
ing material  coming  between  them. 

The  principal  materials  used  for  tape  are  as  fol- 
lows ; — ■ 

COTTON 

Cotton  is  the  most  widely  used  material  for  tape,  as 
it  has  good  mechanical  properties  and  is  less  expensive 
than  other  materials.  It  is  strong,  tough  and  flexible.  It 
is  somewhat  hygroscopic,  and  when  used  as  insulation  is 
usually  treated  with  varnish  or  with  an  impregnating 
material  to  prevent  the  absorption  of  moisture.     This 


treatment  may  be  given  either  before  or  after  the  tape  is 
applied.  When  the  untreated  tape  is  used  the  entire  coil 
may  be  varnished  or  impregnated  after  being  taped. 

Cotton  tape  is  used  in  a  large  number  of  thicknesses 
ranging  from  about  0.004  to  0.040  inch  and  with  vari- 
ous weaves.  The  tape  may  be  woven  to  the  desired 
width,  in  which  case  it  has  a  selvedge  on  each  side,  or  it 
may  be  slit  from  a  roll  of  cloth  to  form  a  roll  of  what  is 
called  cut  tape.  As  the  warp  threads  usually  are  not 
absolutely  straight,  some  of  them  are  cut  when  the  tape 
is  slit  and  this,  in  connection  with  the  omission  of  the 
selvedge,  reduces  the  strength  of  the  tape.  The  cut  tape 
is  somewhat  less  expensive  than  the"  selvedge  tape.  It 
is  principally  used  for  the  inner  wrappings  of  coils,  being 
covered  by  a  finishing  layer  of  selvedge  tape,  which  pro- 
vides greater  strength  and  better  finish.  Surgical  tape 
(Fig.  i)  is  made  with  the  herringbone  weave,  which  is 
especially  adapted  to  conform  to  somewhat  irregular  sur- 
faces and,  therefore,  may  be  more  tightly  wrapped  than 
almost  any  other  kind. 

When  tape  is  used  primarily  for  its  dielectric 
strength  it  is  usually  treated  with  insulating  varnish  be- 
fore being  used,  thus  securing  higher  dielectric  strength 
and  greater  uniformity  than  can  otherwise  be  obtained. 
The  cloth  used  is  cambric,  a  light  cotton  cloth  usually 
about  0.005  inches  thick  and  36  inches  wide,  which  has 
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FIG.    I — A   SAMPLE  OF 
UNTREATED   SUR- 
GICAL TAPE 


been  so  made  that  it  will  have  a  smooth  surface  when 
varnished.  The  cloth  is  treated  with  varnish,  usually 
by  passing  under  a  roll  in  the  bottom  of  a  vat  of  varnish, 
then  up  through  a  heated  tower  where  it  is  dried,  then 
over  a  roll  and  down  through  the  tower,  to  be  rolled  or 
to  pass  through  a  second  vat  and  again  through  the 
tower,  as  shown  in  Fig.  2.  The 
varnished  cloth  which  is  to  be  used 
for  tape  is  then  cut  to  the  desired 
width  in  a  slitting  machine.  Var- 
nished cambric,  commercially 
known  as  treated  cloth,  should  be 
protected  from  mechanical  injury, 
as  the  varnish  coating  is  easily  in- 
jured. 

It  is  sometimes  desirable  to  use 
a  treated  cloth  tape  having  a  slight  amount  of  stretch 
which  will  allow  it  to  conform  closely  to  the  shape  of  the 
coil  on  which  it  is  being  wrapped.  Bias-cut  tape  is  best 
adopted  for  such  applications.  Two  methods  are  used  in 
making  bias  tape.  By  the  first  method,  the  treated  cloth  is 
cut  into  strips  on  the  bias,  the  pieces  are  overlapped  one 
inch,  the  edges  being  put  together  so  that  the  threads  run 
at  an  angle  of  about  45  degrees  to  the  length,  and  the 
cloth  is  rolled  up  to  the  desired  diameter  of  the  roll.  The 
roll  of  cloth  is  then  put  in  a  lathe  and  rolls  of  tape  of 
the  desired  width  are  cut  by  pressing  a  knife  into  the 
roll.  In  the  second  method,  the  untreated  cambric  is  cut 
into  strips  on  the  bias,  the  strips  are  sewed  together  so 
that  the  threads  run  at  an  angle  of  about  45  degrees  to 
the  length,  the  roll  of 
cloth  is  treated  in  the 
tower  and  then  slit  to 
the  desired  width  of 
the  roll. 


Silk  is  slightly 
stronger  m  e  c  hani- 
cally  than  cotton,  but 
is  much  more  expen- 
sive. It  is  principally 
used  in  places  where 
the  space  is  limited, 
or  as  a  finishing  cov- 
ering for  small  parts 
where  a  fine  finish  is 
desired.  When  high 
dielectric  strength  is 
desired  the  silk  is 
usually  V  a  r  nished. 
The  varnish  is  ap- 
plied in  the  same  manner  as  in  the  case  of  cotton  tape, 
the  cloth  being  treated  in  a  tower  and  then  slit  into  tape. 
On  account  of  its  high  cost,  silk  tape  has  only  a  limited 
application.  In  order  to  reduce  the  cost,  selvedge  silk 
tape  is  sometimes  made  with  silk  warp  and  cotton  filling 
threads.  Thin  cotton  tapes  are  also  frequently  used  as 
substitutes  for  silk  tape. 


Linen  is  sometimes  used  for  tape  in  order  to  obtain 
the  maximum  amount  of  strength.  Flax  is  the  strong- 
est of  the  vegetable  fibers,  and  also  has  the  maximum 
degree  of  absorption.    On  account  of  its  high  cost,  linen 


FIG.  2 — DIAGRAM   OF  ARRANGEMENT  FOR  TREATING   CLOTH 

tape  is  rarely  used,  as  under  ordinary  conditions  cotton 
tape  is  considered  satisfactory. 


Asbestos  is  the  only  material  that  will  withstand 
high  temperatures  and  can  be  woven  into  tape.  On 
account  of  its  low  mechanical  strength  and  its  high  cost 
it  is  used  only  in  places  where  other  materials  cannot 
be  used  on  account  of  the  high  temperatures.  It  has  a 
greater  variation  in  thickness  than  cotton  tape. 

In  order  to  increase  its  mechanical  strength,  asbestos 
tape  is  sometimes  made  up  with  a  small  projwrtion  of 
cotton  fiber.     This  provides  additional  strength  for  the 

tape  during  the  pro- 
cess of  winding,  but 
cannot  be  depended 
upon  for  high  tem- 
])eratures.  A  good 
test  for  the  purity  of 
asbestos  tape  is  to 
make  a  tensile  test  of 
the  material  as  re- 
ceived, then  heat  it 
to  a  temperature 
about  300  degrees  C. 
(572  degrees  F.)  for 
five  minutes  and  test 
again  for  tensile 
strength.  The  break- 
ing strength  after 
heating  should  not  be 
less  than  50  percent 
of  its  initial  strength. 
A  lower  strength  in- 
dicates the  presence 
of  a  considerable  proportion  of  adulterants. 


3 — METIiuIJ  OK  CUi  fINO  ROLLS  OF  FRICTION  TAPE 


Mica  tape  is  made  by  mounting  mica  splittings  on  a 
backing  of  Japanese  paper  and  then  cutting  the  sheets 
into  narrow  widths  of  tape.  It  is  used  to  insulate  coils 
in  turbogenerators  and  other  machines  where  the  high 
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temperatures  obtained  prevent  the  use  of   fabrics  and 
where  high  dielectric  strength  is  required. 

RUBBER 

In  making  joints  in  rubber-insulated  wires  or  cables, 
a  rubber  tape,  or  splicing  compound,  as  it  is  sometimes 
called,  is  used  to  complete  the  rubber  insulation,  and  is 
then  covered  with  a  wrapping  of  friction  tape  for  me- 


m  i^^ 


FIG.  4 — FRICTIOX-TAPE  TESTING   M.-KCHINF. 

chanical  protection.  Rubber  tape  consists  of  a  partially 
vulcanized  rubber  compound  and  is  made  in  several 
grades.  The  tape  should  have  sufficient  strength  to 
allow  it  to  be  readily  applied  without  pulling  apart,  but 
the  vulcanization  should  not  be  carried  far  enough  to 
prevent  the  layers  of  the  tape  from  fusing  together 
when  heated  after  being  applied  to  the  joint.  Its  fusing 
ability  may  be  determined  by  wrapping  a  sample  on  a 
rod  of  about  one-fourth-inch  diameter  to  a  thickness  of 
one-fourth  inch  and  heating  it  to  a  temperature  of  65 
degrees  C.  (150  degrees  F.)  for  twenty  minutes  in  an 
oven.  The  tape  should  fuse  into  a  practically  homo- 
geneous mass. 

FRICTION   TAPE 

Friction  tape  is  composed  of  cotton  cloth  impreg- 
nated with  an  adhesive,  insulating  compound.  The  cot- 
ton fabric  should  be  closely  woven,  smooth  and  strong, 
and  practically  free  from  knots  or  other  injurious  de- 
fects. The  composition  of  the  insulating  compound 
varies  considerably  with  different  grades  of  tape.  In 
general,  it  consists  of  rubber  mixed  with  asphalt  ma- 
terials and  non-conducting  mineral  fillers. 

The  compound  may  be  applied  to  the  cloth  by  the  cal- 
endering process,  passing  the  cloth  and  compound 
through  rolls  which  force  the  compound  into  the  fabric, 
or  by  the  spreading  process,  passing  the  cloth  under  a 
knife  edge,  which  spreads  the  compound  evenly  over  the 
cloth.  Some  of  the  higher  grades  of  tape  are  treated 
by  both  processes  in  order  to  fill  the  cloth  thoroughly 
with  the  compound  and  also  provide  good  adhesive 
properties. 


The  cloth  used  in  making  friction  tape  is  about  40 
inches  wide.  After  the  compound  has  been  applied  the 
cloth  is  rolled  on  strawboard  tubes  to  such  a  diameter 
that  when  cut  into  tape  and  packed  the  gross  weight  will 
Ije  approximately  one-half  pound,  one-fourth  pound,  or 
other  standard  weight,  as  desired.  The  40  inch  roll  of 
friction  cloth  is  placed  in  a  lathe  and  the  rolls  are  cut  to 
the  required  width  by  gradually  pressing  a  knife  into  the 
roll,  as  shown  in  Fig.  3. 

The  fabric  should  be  thoroughly  impregnated  and 
evenly  covered  on  both  sides  with  the  frictioning  com- 
pound. If  the  friction  compound  is  not  properly  pre- 
pared it  may  not  cover  the  cloth  completely  and  there  is 
likely  to  be  a  large  number  of  pinholes.  A  good  grade 
of  tape  should  be  practically  free  from  pinholes.  They 
may  be  detected  by  holding  the  tape  before  a  strong 
light.  The  compound  should  adhere  to  the  fabric 
firmly  and  should  not  pull  away  so  as  to  leave  bare  spots 
when  adjacent  thicknesses  of  tape  are  pressed  together 
and  then  separated. 

The  most  important  characteristic  for  friction  tape 
is  durability  or  the  ability  to  retain  its  characteristics 
under  service  conditions  of  heat,  moisture,  etc.  The 
tape  may  apparently  have  very  desirable  characteristics 
when  new,  but  may  deteriorate  rapidly.  It  should  have 
a  moderate  degree  of  adhesiveness  and  retain  this  ad- 
hesiveness to  a  large  extent  over  a  long  period  of  time. 
Some  tapes  have  too  much  adhesion  and  require  a  longer 
time  to  apply,  thus  increasing  the  labor  cost.  This  may 
be  important  when  considerable  quantities  of  tape  are 
used. 

The  second  consideration  is  yardage,  that  is,  the  cov- 
ering power  of  the  tape  or  the  amount  of  surface  which 
it  will  cover  per  unit  of  weight.  As  tape  is  sold  by  the 
pound  the  purchaser  is  likely  to  lose  sight  of  the  fact 
that  the  cost  should  be  figured  per  unit  of  area  rather 
than  per  unit  of  weight.  Some  tapes  are  heavily  loaded 
with  inert  material  so  that  they  can  be  sold  at  a  low 
price  per  pound,  but  the  price  per  yard  is  excessively 
high. 
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FIG.    5 — INDICATOR   CARD   FROM    FRICTION-TAPE   TESTING    M.VCHINE 

There  is  a  large  variation  in  the  quality  of  the  fric- 
tion compound  used  in  different  grades  of  friction  tape. 
The  quahty  is  indicated  not  only  by  the  condition  of  the 
tape  when  new,  but  also  by  the  life  of  the  tape  or  the 
time  during  which  it  retains  its  adhesive  properties.  A 
quick  aging  test  to  determine  the  life  of  friction  tape 
may  be  made  as  follows : — 


176 


THE    ELECTRIC   JOURNAL 


Measure  the  pull  due  to  adhesion  of  tape  on  samples 
of  the  tape  as  received,  at  room  temperature.  Unwrap 
additional  samples  from  the  same  roll  and  expose  them 
to  a  temperature  of  lOO  degrees  C.  for  i6  hours,  then 
test  the  adhesion  for  comparison  with  the  first  test.  In 
general,  the  adhesion  after  aging  should  be  from  30  to 


I-IC.   () — COIL-TAPING    MACHINE 

45  percent  of  that  originally  obtained  in  order  to  insure 
good  life  for  the  tape  in  service. 

One  of  the  principal  difficulties  in  the  testing  of  fric- 
tion tape  has  been  to  measure  accurately  the  so-called 
"friction"  or  the  amount  of  adhesion  of  the  tape,  and 
to  determine  the  life  of  the  tape  as  indicated  by  the  de- 
crease in  adhesion  with  time.  In  order  both  to  measure 
accurately  and  to  record  the  adhesion  of  friction  tape,  an 
autographic  testing  machine  is  used.  This  machine,  as 
shown  in  Fig.  4,  consists  essentially  of  a  clamp  to  grip 
the  outer  end  of  the  roll  of  tape  to  be  tested,  a  movable 
carriage  holding  the  roll  and  arranged  to  move  at  a 
standard  rate  of  speed,  thus  unwinding  the  tape  from 
the  roll,  and  a  mechanism  which  records  on  a  chart  the 
amount  of  the  pull  due  to  the  adhesion  of  the  tape.  A 
vertical  motor-driven  screw  within  the  pillar  draws  the 
carriage  down  at  a  speed  of  30  feet  per  minute.  The 
roll  of  tape  is  mounted  on  the  carriage  and  the  free  end 
is  held  in  a  clamp  at  the  end  of  a  pivoted  rod,  the  other 
end  of  which  actuates  the  indicator  piston.  The  cord 
which  revolves  the  indicator  barrel  is  connected  to  the 
movable  carriage.  As  the  carriage  moves  down,  the 
tape  is  pulled  loose  from  the  roll,  the  resistance  to  un- 
winding being  registered  on  the  indicator  card. 

In  making  a  test,  a  strip  of  the  tape  is  unwound  from 
the  original  roll  and  a  standard  length  is  wound  on  the 
test  bobbin,  a  five-pound  weight  being  attached  to  the 
lower  end  of  the  sample  while  being  wound,  so  that  the 
tape  is  wound  on  the  bobbin  under  a  uniform  tension 
and  at  a  uniform  speed.  The  test  bobbin  is  mounted 
for  this  purpose  on  the  winding  shaft,  and  revolved  by 
unwinding  a  cord  from  a  pulley  on  the  other  end  of  the 
shaft,  the  cord  being  attached  to  the  movable  carriage. 


The  bobbin  of  tape  is  then  taken  from  the  winding  shaft 
and  placed  on  the  shaft  in  the  movable  carriage  for  test. 

A  characteristic  indicator  card  is  shown  in  Fig.  5. 
The  pull  due  to  adhesion  is  measured  at  ten  points  on  the 
curve,  and  the  average  is  taken  as  a  measure  of  the  ad- 
hesion of  the  tape.  To  insure  a  result  corresponding  to 
average  conditions,  several  samples  are  usually  taken 
from  the  test  roll. 

In  order  to  determine  the  change  in  the  adhesive 
quality,  of  tape  with  time,  an  aging  test  is  made.  Sam- 
ples are  unwound  from  the  original  roll  and  suspended 
in  an  oven  at  100  degrees  C.  (212  degrees  F.)  for  six- 
teen hours.  They  are  then  wound  on  the  test  mandrel 
and  given  the  usual  test  for  adhesion.  The  difference  in 
the  adhesion  of  a  roll  of  tape  before  and  after  heating  is 
taken  as  an  indication  of  the  life  of  the  ta]ie. 

THE    TAPING   OF   COILS 

Coils  may  be  taped  either  by  hand  or  by  a  taping 
machine;  the  machine  method  is  to  be  preferred  when 
the  coil  is  of  convenient  size  to  handle  and  does  not 
have  many  sharp  bends.  Tape  which  is  put  on  by  ma- 
chine is  more  tightly  wrapped  than  when  applied  by 
hand,  and  is  more  quickly  applied.  Some  coils  have  to 
be  taped  by  hand  because  they  are  too  large,  too  cum- 
bersome or  have  too  many  sharp  bends  to  allow  a  ma- 
chine to  be  used.  Various  types  of  machines  are  used, 
a  typical  taping  machine  with  a  coil  partly  taped  being 
shown  in  Fig.  6.  The  roll  of  tape  is  mounted  on  a 
mandrel  attached  to  the  rotating  ring,  and  revolves 
around  the  coil,  thus  wrapping  the  tape  upon  the  coil. 
The  ring  is  rotated  by  means  of  a  belt.  A  coil  is  shown 
in  Fig.  7  in  process  of  being  taped  on  the  machine. 


FIG.  7 — TAPING   MACHINE  IN  OPERATION 

In  taping,  it  is  desirable  to  have  the  tape  nearly  half 
lapped,  that  is,  each  layer  overlapping  the  previous  layer 
by  nearly  half  its  width.  The  width  most  commonly 
used  is  three-fourths  inch,  but  one-half-inch  width  is 
used  for  small  coils  and  one  to  two  inches  width  for  very 
large  coils. 
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DEVELOPMENTS  in  the  tield  of  electrical  equip- 
ment for  gasoline  engine-driven  automobiles  have 
proved  the  necessity  for  an  occasional  charge  of 
the  battery  from  a  source  other  than  the  generator  on  the 
car  to  keep  the  battery  in  condition  and  eliminate  the 
necessity  for  repairs.  While  service  of  this  sort  is  to  be 
had  at  practically  all  public  garages,  the  inconvenience 
to  the  man  who  keeps  his  car  in  his  own  garage  of  doing 


I'lC.    I — WESTIXGHOUSE   RECTIFIER    FOR    CHARCING    SMAI.I. 
STOR.\GE   BATTERIES 

Showing    transformer,    mercury    arc    rectifier    bulb,    fuse    and 
ventilated  cover. 

without  his  battery  periodically  for  even  short  lengths  of 
time,  together  with  the  expense  of  buying  a  charge,  has 
created  an  insistent  demand  for  an  inexpensive  and 
simple  device  for  the  charging  of  small  batteries  from 
the  universally  available  alternating-current  lighting  cir- 
cuits. This  demand  has  led  to  the  development  and  mar- 
keting of  many  forms  of  converting  appartus,  of  which 
the  latest  which  has  been  at  all  generally  distributed  is  a 
modification  of  the  standard  device  for  the  charging  of 
single  batteries — the  mercury  arc  rectifier. 

Since  this  outfit  is  intended  for  the  use  of  the  public, 
generally  unversed  in  the  care  of  electrical  machinery, 
it  has  been  reduced  to  the  simplest  possible  form  and 
all  unnecessary  complicating  features  omitted,  mak- 
ing the  application  wide  and  the  operation  alphabetically 
simple.  The  outfit  consists  of  a  transformer,  which  in- 
cludes within  itself  the  function  normally  served  by  both 
transformer  and  reactance  coil,  a  bulb  and  a  fuse,  both 
mounted  by  screw  bases  in  a  double-plug  recep- 
tacle, and  a  starting  resistance,  all  mounted  on 
a  cast-iron  frame  and  enclosed  in  a  ventilated 
cover.  A  handle  is  provided  to  make  the  outfit 
easily  portable  and  a  cord  and  separable  attach- 
ment plug  to  connect  to  a  lighting  circuit 
at  a  lamp  socket.  The  bulb  is  installed  by 
screwing  it  into  a  receptacle,  thus  making  two 
connections,  and  attaching  two  flexible  leads,  ^'*'-  ^ 

which  are  furnished  as  part  of  the  bulb,  to 
spring  clips  rigidly  mounted  on  one  of  the  coils 
of  the  transformer.  These  two  leads  may  be  interchanged 
without  affecting  the  operation  of  the  outfit.  The  fuse  is 
of  the  plug  type,  in  common  use  in  house  wiring,  and  re- 
placement can  be  secured  from  any  dealer  in  electrical 
supplies. 


To  operate  the  outfit,  connections  are  made  to  the 
alternating-current  line  by  screwing  the  attachment  plug 
into  a  lamp  socket,  and  connecting  the  battery  to  the 
direct-current  terminals  on  the  front  of  the  outfit,  taking 
care  that  the  polarity  is  correct.  Slight  tilting  of  the 
outfit  by  means  of  the  handle  starts  the  bulb,  and  the 
outfit  may  be  left  until  the  charge  is  complete  without 
further  attention. 

The  specifications  for  electrical  performance  were 
dictated  by  the  requirements  of  those  by  whom  the  outfit 
is  to  be  used.  The  hobby  of  the  automobile  owner  who 
cares  for  his  own  car  is  the  machine  itself — not  the  ac- 
cessories. The  peculiar  psychology  of  the  hobbyist,  as 
well  as  his  general  lack  of  training  along  the  lines  of 
electrical  machines,  makes  the  fundamental  requisite 
operation  without  attention  and  without  adjustments. 
This  requirement  has  been  met  by  the  introduction  into 
the  circuit  of  very  high  reactance,  which  results  in  a 
very  fiat  regulation  curve  and  in  practically  constant 
current  for  all  conditions  of  load  and  line.  The  elec- 
trical operation  is  best  described  by  the  assumption  that, 
regardless  of  all  else,  the  outfit  delivers  a  direct  current 
of  five  amperes.  Actually  the  approach  to  this  assumed 
ideal  is  fairly  close,  the  current  on  short-circuit  being 
approximately  7.5  amperes ;  at  6.5  volts,  5.5  amperes ; 
and  at  7.5  volts,  5.25  ainperes. 

The  design  of  this  rectifier  includes  two  distinctly 
novel  features,  both  of  which  serve  to  make  the  outfit 
simple,  compact  and  inexpensive.  The  adoption  of  the 
lamp  base  mounting  for  the  bulb  has  substituted  in  the 
user's  mind  a  sHght  modification  of  a  common  object 
which  he  has  in  daily  use,  for  a  new  and  some- 
what mysterious  piece  of  apparatus.  In  spite  of  the 
inherent  simplicity  of  the  ordinary  mercury  rectifier  bulb 
and  the  ease  of  installation,  the  operation  of  putting  it 
in  the  outfit  and  making  connections  is  one  which  the 
uninitiated  user  approaches  with  misgivings.     The  sini- 


-COMPLETE  CONVERTING  FIG.  3 — S.\ME  .\S  FIG.  2,  Vl'ITH  VENTI- 

APP.\RATUS  I.ATEIl   COVER   IN    POSITION 

Showing  bulb  mounted  for  service. 

plicity  of  installation  of  this  bulb  is  made  obvious  by  its 
similarity  to  a  common  incandescent  lamp. 

It  is  in  the  unique  magnetic  circuit  of  the  trans- 
former that  the  chief  novelty  of  this  outfit  and  its  main 
claim  to  commercial  recosfnition  lie.     The  fundamental 
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circuit  for  a  battery-charging  rectifier  consists  of  a  trans- 
former for  changing  the  line  voltage  to  suit  the  load,  a 
sustaining  coil  to  keep  the  outfit  in  operation  over  the 
zero  period  of  the  alternating-current  cycle,  and  a  react- 
ance coil  to  give  the  outfit  the  proper  regulation.  The 
performance  requirements  of  the  commercial  situation 
which  this  outfit  meets  could  be  satisfied  by  such  an 
equipment,  but  it  is  necessary  that  the  outfit  be  low  in 
price  and  not  too  bulky  and  heavy.    The  result  is  a  trans- 


FIG.     4 — RELATION     OF     PRIMARY 
AND  SECONDARY  TURNS  OF  TRANS- 
FORMER SHOWN  IN  FIG.  I 


FIG.  5 — DI.\GR.\M  OF  CONNECTIONS 
OF  COMPLETE  CHARGING  OUT- 
FIT SHOWN  IN  FIG.  I 


former  which  performs  the  functions  of  all  three  of  the 
fundamental  units. 

Rectifier  transformers  have  long  been  made  with  the 
sustaining  characteristics  built  into  the  iron  circuit  in  the 
form  of  a  central  path  of  iron  located  between  the  alter- 
natingly  operating  halves  of  the  secondary  winding  in 
such  a  way  that  the  flux  of  this  path  is  unidirectional. 
The  energy  stored  in  this  field  while  the  current  is  in- 
creasing in  one  side  of  the  secondary  is  delivered  to  the 


circuit  during  the  decreasing  portion  of  this  half  cycle, 
and  holds  the  current  above  the  value  at  which  the  arc 
drops  out  until  the  other  side  of  the  secondary  has  a  high 
enough  voltage  to  begin  to  operate.  This  feature  sim- 
plifies the  outfit  by  eliminating  the  separate  sustaining 
coil  and  also  reduces  the  cost  by  making  the  secondary 
turns  of  the  transformers  do  the  work  of  the  sustaining 
coil. 

High  or  "poor"  regulation  by  means  of  leakage  be- 
tween the  primary  and  secondary  coils  of  a  two-winding 
transformer  is  a  well-known  and  commonly  used  char- 
acteristic. Since  the  windings  must  be  about  evenly 
divided  between  the  two  halves  of  the  coil  to  secure  the 
required  sustaining  flux,  and  since  the  ratio  of  primary 
turns  to  secondary  is  close  to  unity,  the  ordinary  means 
of  securing  high  reactance  leakage  are  in  this  case  inef- 
fective. However,  the  advantages  of  an  autotransformer 
are,  from  a  cost  standpoint,  too  great  to  be  lost,  and  so 
the  expedient  of  a  kind  of  cross  between  a  two-winding 
and  an  autotransformer  was  adopted.  Sufficient  pri- 
marj'  turns  to  provide  the  necessary  leakage  m.m.f.  were 
separated  from  the  secondary  winding  and  an  iron  leak- 
age path  was  interposed  between  the  coils.  The  result 
of  the  incorporation  in  the  transformer  of  these  two  fea- 
tures is  shown  in  Figs.  4  and  5- 

This  transformer  performs  the  function  of  a  sustain- 
ing coil  by  means  of  leakage  through  the  air-gap  G,  in 
the  iron  path  D  between  the  alternately  operating  halves 
of  the  secondary  winding,  and  those  of  a  reactance  coil 
by  means  of  leakage  through  the  air-gaps  H  in  the  paths 
E  between  the  primary  winding  A  and  the  coils  B  and  C, 
the  amount  of  inductance  in  each  case  being  adjusted, 
when  the  iron  is  assembled,  by  the  length  of  the  air-gaps. 


[i^aii  'Motor  jyuorlcatuyn 

E.  W.  Den  MAN 

Detail  &  Supply  Engineering  Dept, 

Westinghouse  Electric  &  Mfg.  Company 


APPARATUS  having  rubbing  parts  must  have 
some  means  of  reducing  friction,  or  excess  heat- 
ing will  result.  This  may  be  accomplished  in 
three  general  ways; — first,  by  using  materials  that  have 
a  low  coefficient  of  friction;  second,  by  using  an  inter- 
mediate rolling  member,  such  as  a  ball  or  roller ;  or  third, 
by  the  use  of  an  intermediate  member  of  an  oily  nature. 
In  this  article  these  points  will  be  considered  only  from 
the  standpoint  of  application  for  bearings  on  fan  motors. 
Only  a  few  materials  have  the  proper  characteristics 
and  sufficiently  low  coefficient  of  friction  to  be  used  for 
bearing  materials,  and  difficulty  is  encountered  with 
these,  as  it  is  necessary  to  have  very  small  clearance  in 
fan-motor  bearings  in  order  that  the  motor  may  be  abso- 
lutely quiet.  With  ball  and  roller  bearings,  there  is  an 
inherent  noise  that  cannot  be  eliminated,  which  makes 
their  use  difficult  on  fan  motors.  The  only  class  of  bear- 
ings adaptable  for  fan-motor  use  is  that  using  an  oil  or 
grease  as  an  intermediate  member. 


Unlike  other  apparatus,  the  lubrication  of  fan  motors 
receives  very  little  attention,  and  therefore  it  is  neces- 
sary for  manufacturers  to  make  ample  provision  for  this 
neglect.  It  is  advisable  to  use  large  and  capacious  oil  or 
grease  cups  with  means  of  circulating  the  oil  or  grease 
through  the  bearing  and  returning  the  unused  part  back 
to  the  cup.  Provision  must  also  be  made  to  prevent  the 
oil  and  grease  from  working  out  of  the  bearing  and 
dripping  ofT. 

A  simple  horizontal  bearing  is  shown  in  Fig.  i .  The 
lubricant  is  put  in  the  grease  cup,  from  which,  by  capil- 
lary attraction,  it  works  up  through  the  felt  wick  to  the 
shaft,  and  along  to  the  end  of  the  bearing,  where  it 
drains  down  into  the  oil  or  grease  catch,  and  then 
through  the  return  duct  back  to  the  oil  cup.  If  the  grease 
works  out  onto  the  oil-thrower  bushing,  it  is  thrown  ofif 
into  the  oil  catch  by  centrifugal  action  before  it  can  creep 
across  the  V  groove  which  is  cut  in  the  bushing.  This 
type  of  bearing  is  common  on  the  front  and  rear  bear- 
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FIG.  I — TYPICAL  HORI- 
ZONTAL REAR  BEARING 
OF   A   DESK   FAN    MOTOR 


ings  of  small  motors,  where  a  relatively  horizontal  posi- 
tion is  maintained,  but  does  not  give  satisfaction  when 
tilted  more  than  25  to  30  degrees,  as  then  one  end  of  the 
bearing  will  run  dry,  and  the  grease  cannot  flow  back  to 
the  oil  cup  from  the  other  end.  If  the  motor  is  tilted 
still  farther,  the  grease  will  run  from  the  cup  through 
the  return  duct  and  out  of  the 
bearing.  Vaseline  is  generally  used 
in  this  type  of  bearing,  as  it  will 
flow  through  the  wick  by  capillary 
action,  except  when  the  tempera- 
ture is  too  low.  Any  heavy  oil  will 
give  good  results  as  far  as  oper- 
ating conditions  are  concerned,  but 
in  shipment  the  oil  is  liable  to  run 
out  if  the  motor  is  turned  over.  A 
vegetable  oil  or  grease  should 
never  be  used,  as  it  gums  up  the  bearing. 

Another  bearing  for  the  same  kind  of  service,  known 
as  the  packed  bearing,  is  different  in  principle.  Instead 
of  a  rotating  shaft,  on  which  the  armature  is  pinned  or 
pressed,  the  armature  rotates  upon  a  hollow-steel  spin- 
dle pressed  into  the  rear  housing  of  the  motor.  A  stud 
passes  through  the  shaft  and  holds  a  retaining  screw  and 
washer  at  the  front  end  to  keep  the  armature  in  position. 
The  fan  hub,  which  has  an  internal  thread  at  one  end  and 
is  closed  at  the  other,  screws  onto  the  front  end  of  the 
armature  hub,  and  makes  an  oil-tight  joint.  The  arma- 
ture hub  is  recessed  in  the  middle  along  the  shaft,  leaving 
the  bearing  surfaces  at  the  ends,  and  providing  a  space 
between  the  hub  and  shaft,  which  is  packed  with  a  lubri- 
cating grease,  insuring  lubrication  for  a  considerable 
time.  Oil  may  be  inserted  through  an  oil  cup  at  the  rear 
of  the  motor,  which  feeds  into  the  center  of  the  hollow 
shaft,  where  there  are  holes  through  which  the  oil  may 
pass  to  the  bearing  surfaces.  This  bearing  retains  the 
lubricant  well,  there  being  only  one  way  for  it  to  escape, 
— at  the  rear  of  the  motor  around  the  armature  bearing. 
The  gears  and  oiling  arrangement  of  a  mechanically- 
operated  oscillating  fan  motor  are  shown  in  Fig.  2.  This 
bearing  has  more  complicated  conditions  to  fulfill  be- 
cause of  the  presence  of  the  oscillating  mechanism. 
There  being  no  opportunity  to  have  oil  return  ducts,  the 
outer  end  of  the  bearing  is  closed  by  a  cap,  and  means 
are  provided  for  forcing  the  grease  to  the  motor-shaft 
bearing  at  the  inner  end,  and  also  for  keeping  the  grease 
from  being  forced  out  at  this  end.  Therefore,  there  are 
two  oil  grooves  cut  in  the  shaft ;  groove  D  has  a  high 
pitch  and  forces  the  grease  through  the  bearing,  while 
groove  £  has  a  low  pitch  and  holds  it  from  being  forced 
out  of  the  bearing  onto  the  thrust  bushing,  although  this 
groove  £  must  allow  enough  grease  to  pass  to  keep  the 
end-thrust  washer  greased.  Means  are  also  provided  on 
the  vertical  shaft  to  keep  the  grease  from  flowing  down 
and  out  into  the  gear  case.  Of  course,  enough  grease 
must  flow  down  the  shaft  to  keep  the  shaft  and  gears 
lubricated.  For  this  purpose  a  spiral  groove  is  cut  in 
the  shaft,  which  tends  to  pump  the  lubricant  up.  From 
a  position  near  the  middle  of  the  vertical  shaft  a  hole  is 


drilled,  on  a  slope  towards  the  bearing  of  the  stub-shaft 
which  holds  the  spur  gear,  to  provide  lubrication  for  this 
bearing. 

The  lubricant  is  placed  in  the  grease  reservoir,  sur- 
rounding and  below  the  worm-wheel.  While  the  level  of 
the  grease  is  above  the  gear  teeth  on  the  worm-wheel,  it 
will  flow  to  the  worm  and  worm-wheel,  and  the  grooves 
on  the  motor  shaft  will  distribute  it  along  this  bearing, 
and  grease  will  work  under  the  worm-wheel  and  down 
the  vertical  shaft.  When  the  supply  of  grease  is  used 
down  to  the  bottom  of  the  worm-wheel,  the  felt  washer 
feeds  grease  onto  the  lower  surface  of  the  wheel,  and 
thence  to  the  motor  and  vertical  shafts,  and  thus  the  sup- 
ply of  grease  in  the  reservoir  below  the  worm-wheel  is 
used.  Any  excess  of  grease  which  might  work  down  the 
vertical  shaft  and  drip  oiY  the  gears  will  drop  into  the 
recess  in  the  gear  cover,  thus  keeping  all  waste  grease 
from  the  motor.  It  is  very  essential  that  a  lubricant  of 
the  proper  characteristics  be  used  in  a  gear  case  and 
bearing  of  this  type.  If  the  lubricant  is  too  soft  and 
flows  too  freely,  it  will  get  past  the  grooved  pumps  on 
the  shafts,  and  leak  out  of  the  bearing  and  be  wasted. 
If  it  is  too  stiff,  it  will  not  flow  to  the  shaft  and  bearings 
and  they  will  run  dry.  The  viscosity  of  a  lubricant  for 
this  bearing  should  not  change  much  over  the  range  of 
working  temperature. 

The  upper  and  lower  bearings  for  a  vertically- 
mounted  fan  motor  are  shown  in  Fig.  3.  The  upper 
bearing  is  essentially  the  same  as  the  one  in  Fig.  i,  except 
that  the  oil  cup  is  in  an  inclined  position  and  the  felt 
wick  feeding  the  grease  onto  the  shaft  is  near  the  top  of 
the  bearing.  At  C  a  spiral  groove  is  cut  in  the  shaft, 
which  holds  the  grease  from  working  down  into  the 
motor.  To  catch  any  grease 
which  might  flow  past  the  oil 
groove  and  run  down  into 
the  motor  to  the  armature,  a 
grease  or  oil  catch  is  pressed 
on  the  armature  shaft,  which 
extends  up  into  a  circular 
groove  cut  in  the  upper  bear- 
ing. Vaseline  works  excep- 
tionally well  in  this  bearing. 
In  any  piece  of  apparatus 
which  has  a  vertical  shaft, 
the  bearing  which  carries  the 
thrust  is  the  one  that  must 
receive  the  most  considera- 
tion. The  bearing  shown  in 
the  lower  part  of  Fig.  3  was 
designed  for  this  purpose.  It 
uses  oil  for  its  lubricant  and 
gives  excellent  satisfaction 
as  a  vertical  thrust-bearing. 
The  construction  is  such  that 
the  thrust  is  carried  on  the  hardened  steel  balls  as 
shown.  These  balls  are  held  in  position  by  the  proper 
slope  being  given  to  the  counter-drilling  in  the  end  of  the 
shaft  and  in  the  bottom  of  the  bearing;  housing.    After  a 


FIG.  2 — LUBRICATING  SYSTEM 
OF  A  MECHANICALLY  -  OPER- 
ATED OSCILLATING  FAN   MOTOR 
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run  of  several  thousand  hours  these  balls  were  examined, 
and  it  was  found  that  they  had  turned  in  an  irregular 
manner  so  that  the  point  of  contact  was  constantly  chang- 
ing, thus  eliminating  the  possibility  of  wearing  flat  spots. 
Oil  is  put  into  the  cup  at  the  oil  hole  until  it  fills  up  to 
the  oil  level.  There  is  no  chance  for  leaks,  as  the  cup 
is  one  solid  piece.  The  oil  flows  to  the  balls  through  the 
hole  A,  which  is  drilled  in  the  bearing  housing,  and  sub- 
merges them.  In  seeking  its  level,  the  oil  rises  around 
the  shaft  and,  by  rotational  and  capillary  action,  it  feeds 
up  to  the  top  of  the  bearing,  which  is  a  relatively  short 
distance.  To  make  sure  that  the  thrust  is  carried  on  the 
balls,  plenty  of  clearance  is  given  at  the  point  B.  To  allow 
for  the  return  of  any  excess  of  oil  that  might  accumulate 
at  the  top  of  the  bearing  around  the  oil  thrower,  a  return 
duct  is  provided,  as  shown  in  Fig.  3,  by  which  it  can  flow 
back  to  the  cup.  This  bearing  is  well  lubricated  with  a 
good  supply  of  circulating  oil,  and  any  sediment  or  grit 
that  is  in  the  oil  settles  to  the  bottom  of  the  cup  and 
allows  clean  oil  to  pass  to  the  balls  and  shaft. 

Another  type  of  vertical  bearing,  which  is  used  on 
series-wound  ceiling  fan  motors,  is  represented  in  Fig.  4. 
This  same  type  of  bearing  is  also  used  on  induction 
motors.  The  lubricant  used  is  machine  oil,  which  is  put 
in  at  the  oil  hole  in  the  suspension  casting.  It  flows 
down  into  the  recess  A  and  then  down  through  the  I'e- 
turn  duct  to  the  bottom  of  the  bearing  and  into  the  oil 
reservoir.  In  operation,  the  rotation  of  the  armature  on 
the  shaft  causes  the  oil  to  be  pumped  up  through  the 
bearing,  by  means  of  the  spiral  groove  cut  in  the  shaft, 
into  recess  A,  thence  returning  to  the  reservoir  through 
the  oil  duct.    Thus  there  is  a  constant  circulation  of  oil 

through  the  bearing 
when  the  motor  is  in 
operation,  and  no  oil 
is  wasted.  The  thrust 
bearing  as  shown  is 
made  up  of  two  fiber 
washers  separated  by 
a  steel  plate.  Radial 
grooves  allow  the  oil 
to  come  into  direct 
contact  with  the  sur- 
faces that  carry  the 
thrust.  This  bearing 
has  relatively  high 
starting  friction,  but 
a  series  motor  has 
high  starting  torque 
and,  therefore,  this 
is  not  objectionable. 
With  a  n  induction 
motor,  a  ball  thrust- 
bearing  is  used  on 
account  of  the  low-starting  torque.  The  balls  run  be- 
tween two  hardened  steel  discs,  ground  smooth  and  flat. 
Since  a  ceiling  fan  runs  at  a  comparatively  low  speed, 
and  the  balls  are  submerged  in  oil  and  held  firmly  be- 
tween the  discs,  they  make  very  little  noise. 


FIG.   3— VERTICAI,   EXHAUST    FAN    MOTOR 

Showing  bearings  and  oiling 
arrangement. 


Another  bearing  that  is  used  on  a  few  ceiling  fans  has 
an  oil  cup  similar  to  the  oil  catch  shown  in  the  upper 
part  of  Fig.  3.  The  oil  cup  is  pressed  or  screwed  on  the 
rotating  shaft  to  make  an  oil-tight  joint,  and  is  arranged 
so  that  the  bearing  is  submerged  below  the  surface  of  the 
oil  in  the  cup,  which  is  filled  to  a  certain  level.     Each 


FIG.    4 — VERTICALLY-MOUNTED,    SERIES-WOUND    CEILING    FAN    MOTOR 

Showing  system  of  lubrication, 
bearing  of  the  motor  has  an  oil  cup  and  the  oil  feeds 
up  into  the  bearing  by  capillary  action. 

All  of  these  bearings  are  standard  for  fan  motors, 
although  each  may  be  changed  slightly  to  fit  into  special 
motor  designs.  With  reasonable  care  with  respect  to 
temperature,  shipping,  quality  of  lubricant  used,  and 
cleaning  and  refilling,  they  should  all  give  good  service. 
The  question  of  fan-motor  lubrication  with  respect  to 
different  climates  and  temperatures  involves  two  things, 
that  of  shipping  and  of  operation.  Climatic  conditions 
influence  the  lubrication  of  the  bearing  only  as  far  as 
they  affect  its  temperature,  but  they  undoubtedly  do 
affect  the  length  of  time  that  a  fan  motor  is  run  each 
year. 

TABLE    I— OPERATING    TEMPERATURES    IN    DEGREES    F. 
OP  FA.N-MOTOR  LUBRICANTS 


Bearing 

Shown  in 

Figure 


Vasc'Une 


50  &  higher 
50  to  1 00 


Uynamo 
Oil 


30  &  higher 

o  to  20 
32  &  higher 
32  &  higher 


Polarine 
Oil 


o  &  higher 
— 20  to  o 
14  &  higher 
14  &  higher 


Pnlarine 
B.B. 


10  to  150 


Bearings  that  use  fluid  oil  as  a  lubricant  cannot  be 
filled  and  shipped  by  the  manufacturer,  as  it  would  be 
spilled  out  into  the  motor  during  transportation.  The 
proper  quantity  of  oil  to  fill  the  cups  is  usually  sent  with 
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tlie  motor  in  a  separate  container,  and  the  customer  is 
given  instructions  for  filling  them  after  the  motor  is  in- 
stalled. When  a  non-fluid  grease  is  used,  the  question  of 
temperature  arises,  as  this  grease  may  soften  into  a  fluid 
state  if  the  temperature  is  too  high.  The  destination  of 
a  fan  motor  is  not  very  often  known  when  it  leaves  the 
factory  and  it  is  necessary  to  pack  the  bearings  with  a 
grease  that  has  a  large  temperature  range,  considering 
both  operating  and  shipping  conditions. 

A  good  idea  as  to  the  temperature  limits  for  good 
operation  of  some  of  the  common  lubricants  is  given  by 
Tabic  I.  For  vaseline,  a  limiting  shipping  temperature 
would  be  about  90  degrees  F.  for  the  bearings  shown  in 


Figs.  I  and  2.  At  a  higher  temperature,  it  may  soften 
and  run  out  of  the  cups  if  the  motor  is  left  in  an  inverted 
position. 

Like  any  other  machine,  a  fan  motor  should  be  given 
the  proper  care.  On  practically  all  instruction  cards  sent 
out  with  fan  motors  it  is  stated  that  the  grease  cup  should 
be  filled  each  season.  If  the  owners  of  fan  motors 
would  take  this  precaution  and  clean  all  the  old  grease 
out  of  the  bearings  and  cups  and  then  refill  them  with  a 
new  supply  of  good,  clean  grease  before  each  season's 
run,  they  would  get  far  better  service  from  their 
motors,  and  this  would  be  especially  evident  after  the 
•notor  had  run  several  seasons. 


ill' 


A  \V\l  of  Ji^jij^liiDDrl.a^;  J  (i^car^ 


■y 


A.  M.  Gow 


WHENEVER  an   ambitious  engineering  project 
is  carried  through  to  a  successful  issue  it  re- 
ceives abundant  praise  and  publicity.     When, 
however,    such    a    project    fails,    although    backed    by 
abundant  capital  and  energy,  it  is  likely  to  remain  "un- 
wept, unhonored  and  unsung"  save  to  the  disappointed 
few  who  have  reaped  only  experience  as  the  reward  for 
their  labor.    One  of  the  most  ambitious  of  such  schemes 
was    fathered   by   the   late   George   Westinghouse    and 
christened  the  Fuel  Gas  &  Electrical  Engineering  Com- 
pany.   It  is  both  interesting  and  profitable  now  to  review 
the  hopes  and  plans  of  that  company  in  the  light  of 
present-day  engineering  knowledge.     If  to  the  genera- 
tion of  engineers  which  has  since  grown  up  the  plans 
seem  absurd  and  chimerical,  it  must  be  remembered  that 
it  was  backed  by  abundant  capital  and  the  best  brains 
and  ability  that  the  gas  and  electrical  engineering  pro- 
fession of  that  day  could  produce,  even  if  the  day  was 
less  than  thirty  years  ago.     About  that  time  Charles  F. 
Scott  and  Benjamin  G.  Lamme  were  working  on  the 
testing   floor    of    the   Westinghouse    Electric    Company 
down  in  Garrison  Alley,  struggling  with  the  alternating 
current  and  trying  to  determine  in  advance  which  direc- 
tion an  alternating-current  motor  would  run — when  it 
would  run — and  the  Edison  Electric  Company  had  de- 
clared in  "A  \\"arning,"  issued  in  flaming  red  covers,  that 
the  attempt  of  the  Westinghouse  Electric  Company  to 
build  a  dynamo  big  enough  to  carry  2500  sixteen  candle- 
power  lamps  was  "carrying  all  your  eggs  in  one  basket." 
Before  me  lie  two  interesting  little  pamphlets,  one 
entitled   "Fuel   Gas,"   by   Emerson   McMillan,   and   the 
other  "Forms  and  Agreements  Adopted  by  the  Westing- 
house Electric  Co.,"  each  dated   1887.     Mr.   MciMillan 
had  presented  his  paper  on  "Fuel  Gas"  before  the  Amer- 
ican Gas  Light  Association  in  October.     The  gas  com- 
panies engaged  in  the  manufacture  and  distribution  of 
gas  for  illuminating  purposes,  had  already  been  pretty 
thoicughly  scared  by  the  inroads  the  incandes;cnt  lamp 
prciv.ised  to  make  in  their  business. 


The  whole  world  had  been  startled  only  eight  years 
before  by  the  announcement  of  the  discovery  of  the 
"subdivision  of  the  electric  current,"  and  for  a  time  gas 
stocks  went  tumbling.  With  the  succeeding  discovery 
that  the  cost  of  copper  wire  seriously  limited  the  dis- 
tance to  which  current  at  100  volts  could  be  carried,  the 
gas  manufacturers  regained  their  spirits  and  the  electric 
light  companies  were  correspondingly  depressed. 

The  introduction  of  natural  gas  in  those  few  favored 
districts  where  it  was  available,  and  its  use  in  mills  and 
homes,  had  opened  up  visions  of  the  possibilities  that  lay 
in  some  sort  of  "fuel  gas,"  non-illuminating,  that  would 
serve  as  a  substitute  for  the  natural  product  in  the  evenv 
of  its  exhaustion  and  for  introduction  into  those  places 
where  Nature  had  not  been  kind  enough  to  furnish  a  sup- 
ply. Then,  too,  the  problem  of  two  independent  and 
competing  sources  of  light — gas  and  clectri:ity — pre- 
sented a  serious  economic  aspect,  for  the  enormous  in- 
crease in  invested  capital  in  the  face  of  competition  that 
promised  to  be  ruinous,  boded  good  to  neither  jjarty  in 
the  fight  for  supremacy.  The  closing  paragraph  of  ?.Ir. 
McMillan's  paper  reads  as  follows  : — 

"Let  the  policy  and  practice  of  gas  conipanirs  be  such  a? 
shall  discourage  the  duplication  of  capita!.  When  one  capital 
can  do  the  business  it  is  almost  criminal  tj  permit  Uvo  to  be  in- 
vested." 

.\nd  here  is  where  Mr.  McMillan  came  in  v/ith  his 

plan  to  convert  existing  illuminating  gas  plants  into  fuel 

gas  plants  by  means  and  methods  to  be  told  later.     But 

the  electric  companies  were  not  without  troubles  of  their 

own.    They  were  up  against  a  very  serious  proposition, 

namely,  the  cost  of  copper  wire  for  distributing  mains. 

The   carbon   filament    lamp   was   limited   to    100   vo't3. 

Series   incandescent  lighting  was   out  of   the   qucs;'o;i, 

having  had  its  trials  and  failures.    To  be  sure,  the  "tlircc- 

wire  system"  made  possible  a  primary  current  of  200 

volts,  but  the  radius  of  distribution  was  so  riiliculoujly 

small,  considering  the  areas  to  be  covered,  that  ih:  cn!y 

solution  seemed  to  be  an  infinity  of  isolated  plants.    1  lie 

large  central  station  seemed  a  commercial  impose. 'jilUy. 
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And  here  is  where  the  Westinghouse  Electric  Com- 
pany came  in  with  its  "alternating  system."  It  will  be 
news  to  the  generation  of  electrical  engineers  which  has 
grown  up  since  that  time  that  there  was  a  very  general 
opinion,  fostered  by  the  most  eminent  men  in  electrical 
science,  that  the  alternating  current  was  peculiarly 
"deadly"  and  that  it  was  positively  criminal  to  jeopardize 
thousands  of  human  lives  by  the  distribution  of  so  death- 
dealing  an  instrumentality,  even  if  there  was  an  eco- 
nomic advantage  in  so  doing.  It  would  be  really  unkind 
to  name  and  quote  those  authorities  today. 

No  achievement  of  George  Westinghouse,  whose 
whole  life  was  a  succession  of  achievements,  any  one  of 
which  would  have  been  sufficient  monument  for  the  aver- 
age man,  equals  that  of  his  having  fought  the  whole  field 
of  authorities,  engineers  and  scientists,  backing  his  vision 
by  his  capital,  and  making  out  of  the  alternating  current 
the  realization  of  his  electrical  dream.  The  capital  was 
the  least  point  of  that  achievement.  The  greatness  lay 
in  the  vision  and  the  dream.  And  he  made  them  come 
true  partly,  but  not  wholly.  For  he  had  expected  that 
the  Westinghouse  Electric  Company  would  be  able  to 
control  the  whole  field  of  alternating-current  distribu- 
tion, and  by  so  doing  command  the  entire  central-station 
lighting  business  of  the  United  States.  What  were 
known  as  the  Gaulard  and  Gibbs  patents  were  expected 
to  give  foundation  to  this  splendid  economic  structure 
while  the  work  of  the  engineers  of  the  Westinghouse 
Electric  Company  should  pile  up  patents  and  discoveries 
to  complete  the  edifice.  To  be  sure,  the  foundation 
proved  weak  and  others  than  Westinghouse  engineers 
had  a  share  in  the  inventions  and  discoveries,  but  never- 
theless the  competing  companies  in  the  end  had  either 
to  build  the  despised,  maligned  and  "deadly"  alternating- 
current  or  go  out  of  business.  So  they  "ate  crow"  and 
stayed  in  business. 

But  was  it  not  a  grand  dream  and  a  great  vision? 
The  Westinghouse  Electric  Company  to  control  the  dis- 
tribution of  electricity  for  light — for  power  in  those  days 
was  given  but  little  consideration — and  the  McMillan 
fuel  gas  scheme  to  save  the  investment  in  gas  plants  by 
means  of  "fuel  gas."  If  great  engineers  and  great  poets 
are  of  the  same  stock,  this  is  worthy  of  an  engineering 
epic.  Mr.  McMillan's  paper  before  the  Amercan  Gas 
Light  Association  was  a  masterpiece.  That  the  results 
as  worked  out  in  practice  did  not  check  exactly  with 
his  figures  is  not  surprising,  for  he  was  dealing  with 
a  technical  subject  upon  which  exact  data  was  not 
available.  For  thirty  years  ago  what  the  gas  frater- 
nity did  not  know  about  the  operation  of  water  gas 
and  producer  gas  producers  would  fill  volumes.  Many 
volumes  have  been  written  since,  and  there  remain  some 
things  to  learn. 

To  start  with,  Mr.  McMillan  proposed  to  take  the 
existing  plants  with  their  benches  of  "D"  retorts  and 
make  illuminating  gas.  The  residual  coke  was  to  be  con- 
verted into  producer  gas  and  water  gas  in  such  propor- 
tions that  the  resulting  mixture  or  "fuel  gas,"  while 
having  little  illuminating  power,  should  answer  well  the 


demands  of  a  gas  for  heating,  cooking  and  power  pur- 
poses. The  Welsbach  mantle  was  not  then  developed, 
and  such  attempts  as  had  been  made  to  produce  an  in- 
candescent filament  that  would  become  luminous  in  the 
flame  from  a  bunsen  burner  gave  little  hope  of  success. 
If  the  problem  of  electrical  distribution  could  be  solved 
it  seemed  that  gas  as  an  illuniinant  was  doomed.  The 
insignificant  percentage  of  the  illumination  of  today  that 
is  done  with  gas  is  proof  that  Mr.  McMillan  was  some- 
thing of  a  prophet,  too. 

But  to  prove  that  the  scheme  of  converting  existing 
gas  plants  into  fuel  gas  plants  was  practical  required  a 
demonstration.  To  that  end  a  plant  was  built  on  the 
South  Side,  Pittsburgh,  just  back  of  the  old  Atterbury 
Glass  Works  on  the  Monongahela  River.  The  plant 
consisted  of  two  "benches  of  sixes,"  that  is,  12  "D" 
retorts  in  which  coal  was  charged  to  produce  illuminat- 
ing gas ;  one  Wellman  producer,  to  receive  a  portion  of 
the  coke  from  the  retorts  and  make  producer  gas ;  two 
water  gas  producers,  to  convert  the  remainder  of  the 
coke  into  water  gas.  One  horizontal  tubular  boiler,  two 
eight-foot  station  meters,  a  50000  foot  gas  holder,  the 
necessary  exhausters,  blowers,  scrubbers,  piping,  and  so 
forth,  completed  the  equipment  in  the  gas  works  proper, 
while  a  well  fitted-up  laboratory  made  possible  the  con- 
stant analysis  of  the  gas  as  made.  Mr.  Samuel  Wellman 
designed  the  general  arrangement  of  this  experimental 
or  demonstration  plant,  and  he  also  approved  all  plans 
before  the  work  was  started.  Mr.  McMillan  was  re- 
tained as  consulting  engineer,  while  Mr.  W.  F.  Zimmer- 
man, as  chief  engineer,  was  in  immediate  charge  both  of 
the  construction  and  operation.  In  order  to  get  the  best 
foreign  practice  on  the  whole  subject,  Mr.  George  W. 
Goetz  was  sent  to  Europe  to  investigate  and  report  on 
anything  of  value  there.  The  total  overall  thermal 
efficiency  of  the  scheme  was  calculated  to  be  65  percent 
between  coal  delivered  and  gas  in  holder. 

It  is  needless  here  to  show  a  plan  of  the  original  lay- 
out ;  suffice  it  to  say  that  it  did  not  take  long  to  determine 
that  regenerators  on  either  the  Wellman  producer  or  the 
water  gas  producers  were  useless,  and  the  hope  of  recov- 
ering the  sensible  heat  of  the  gases  and  using  it  to  super- 
heat steam  for  the  water  gas  operation  could  not  be 
realized.  That  raised  the  question  as  to  the  desirability 
of  using  superheated  steam  in  the  Wellman  producer. 
To  determine  this  question  a  coil  of  pipe  was  inserted  in 
the  furnace  under  the  gas  retorts  and  the  steam  was  car- 
ried to  the  Wellman  producer  at  a  "red-hot"  tempera- 
ture. The  quality  of  the  gas  was  not  improved.  It 
would  be  hard  to  say  whether  the  producer  ran  any 
worse  for  this  additional  heat  at  the  grate  bars,  for  any- 
one who  remembers  that  old-style  producer,  when  the 
periodical  cleaning  of  fires  involved  driving  in  temporary 
bars  above  the  flat  grate  and  removing  masses  of  clinker 
as  big  and  sticky  as  puddle  balls,  will  admit  that  it  was 
about  as  bad  as  could  be  without  superheated  steam. 
But  it  was  something  to  learn  that,  despite  the  general 
impression  to  the  contrary,  cold  steam  was  just  as  good 
as  hot  steam  in  the  bottom  of  a  producer. 
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But  the  great  disappointment  came  when  the  water 
gas  producers  were  put  in  operation  and  the  quantity  of 
gas  from  a  ton  of  col<e  actually  metered.  Mr.  McMillan 
stated  in  his  paper  that  his  estimate  was  based  on  the 
"testimony  of  producers  of  water  gas,"  but  that  testi- 
mony was  emphatically  contradicted  by  the  operation  of 
the  gas  producers  themselves.  In  fact,  the  failure  of  the 
water  gas  producers  to  live  up  to  their  reputation  killed 
the  whole  scheme  as  originally  outlined.  The  best  results 
obtained  on  a  three  or  four  days'  run  averaged  only 
28  000  cubic  feet  of  water  gas  per  ton  of  coke,  instead  of 
40  000,  as  originally  estimated.  And  Mr.  Goetz's  report 
from  Europe  corroborated  this  figure. 

It  may  be  asked  here,  if  the  quantity  of  water  gas 
per  ton  of  coke  was  the  only  unknown  factor  in  the 
equation,  why  it  was  that  that  factor  was  not  absolutely 
determined  independently,  without  building  an  expensive 
plant  incorporating  the  whole  scheme.  The  answer  is 
that  Mr.  Westinghouse  rarely  did  things  that  way.  He 
was  always  loath  to  admit  a  doubt.  He  was  an  "incor- 
rigible optimist."  He  experimented  on  a  full-size  scale 
and  backed  the  faith  that  was  in  him  to  the  limit.  An- 
other most  characteristic  trait  of  Mr.  Westinghouse  was 
his  unwilingness  ever  to  give  up  anything.  Once  having 
put  his  hand  to  the  plow — and  he  was  usually  driving  at 
least  a  dozen  furrows  at  a  time — he  never  looked  back, 
never  was  discouraged  and  never  had  any  regrets  over 
past  failures.  And  so  he  insisted  that  if  the  first  scheme 
would  not  work  the  thing  to  do  was  to  find  one  that 
would.  It  is  a  little  difficult  to  say  at  this  late  day  just 
who  was  the  originator  of  the  next  plan.  Probably  sev- 
eral had  a  finger  in  it.  The  heat  losses  in  the  original 
plant  had  been  very  heavy.  The  attempt  to  conserve 
heat  from  the  gases  in  regenerative  chambers  had  proved 
futile.  The  "blow  gas"  from  the  water  gas  producers, 
if  they  were  blown  hard  enough  to  make  CO^,  as  after- 
wards exploited  by  Dellwik,  would  not  burn  under  the 
boiler;  if  they  were  gently  blown  and  a  fair  grade  of 
producer  gas  made  so  that  it  would  burn,  the  high  tem- 
perature and  storage  of  heat  necessary  for  the  subse- 
quent run  of  water  gas  was  not  obtained.  The  Wellman 
producer  made  gas  all  right,  but  what  a  horrible  job  it 
was  to  clean  fires.  It  seemed  that  everything  pointed 
one  way  and  that  was  toward  a-  single  producer,  oper- 
ating on  coal,  making  water  gas  and  producer  gas,  and 
if  some  of  the  heavier  hydrocarbon  gases  were  recov- 
ered why  then  we  would  be  that  much  ahead. 

And  so  a  producer  was  designed  with  a  "coking 
chamber"  in  the  upper  part,  having  a  gas  offtake  at  the 
top,  a  series  of  ports  leading  to  another  gas  ofi'take  below 
the  "coking  chamber,"  the  portion  below  the  gas  ports  to 
serve  as  a  water  gas  producer.  It  was  hoped  that  by 
making  gas  up  through  the  entire  fuel  bed  some  of  the 
hydrocarbon  gases  would  be  saved,  and  that  by  the  time 
the  coal  had  passed  downward  through  the  "coking 
chamber"  it  would  be  sufficiently  coked  to  serve  as  fuel 
in  the  lower  portion  of  the  producer  for  the  manufacture 
of  water  gas.    The  operation  was  first  to  make  a  run  of 


producer  gas  through  the  entire  fuel  bed,  taking  the  gas 
off  the  top.  Then  blast  that  portion  of  the  fuel  bed 
below  the  "coking  chamber,"  taking  the  blow  gas  off 
through  the  ports,  until  hot  enough  for  a  water  gas  run. 
Then  make  water  gas  through  the  entire  fuel  bed,  taking 
gas  off  the  top,  the  water  gas  and  producer  gas  mixed  to 
constitute  the  fuel  gas.  It  is  not  the  purpose  here  to  re- 
count the  alterations  and  remodelings  this  producer  went 
through.  The  grate  bars,  the  admission  of  steam,  the 
admission  of  air,  the  internal  lines,  the  charging  hopper, 
the  gas  valves,  all  underwent  change,  and  finally  it  was 
equipped  with  an  air-operated  rammer,  devised  by  Mr. 
Wellman,  to  avoid  the  grievous  poking  and  maintain  a 
uniform  fuel  bed.  This  work  consumed  months  of  time 
and  many  carloads  of  coal,  and  the  standpipe  from  the 
holder  blazed  like  a  gas  well.  A  few  explosions  and  a 
few  fires  added  zest  to  the  experiment.  It  was  hard  to 
say  what  a  day  would  or  would  not  bring  forth.  But 
unfortunately  no  day  brought  forth  a  commercial  fuel 
gas  on  a  commercial  basis.  A  half-dozen  different 
kmds  of  coal  were  tried  out,  from  an  Illinois  coal  that 
made  more  clinker  than  gas,  to  a  Pennsylvania  coking 
coal  that  worked  clear  through  to  the  grate  bars  like 
pitch.  After  months  of  trial,  in  which  all  sorts  of  com- 
binations were  tried,  the  facts  forced  the  conclusion  that 
from  coal  in  a  single  shaft  producer  the  best  we  could 
get  was  an  overall  thermal  efficiency  of  55  percent  and  a 
mixture  of  producer  and  water  gas  having  230  B.t.u.  per 
cubic  foot.  A  larger  proportion  of  producer  gas  in  the 
mixture  might  increase  the  thermal  efficiency,  but  would 
lower  the  heat  value  of  the  gas,  already  too  low.  To 
increase  the  heat  units  per  foot  by  increasing  the  amount 
of  water  gas  meant  loss  of  thermal  efficiency.  It  was 
rather  difficult  to  see  how  the  gas  industry  was  to  be 
saved  by  such  results. 

But  after  all,  the  way  it  has  prospered  since,  despite 
the  competition  of  electricity,  shows  that  it  was  not  in 
desperate  need  of  salvation  anyhow.  The  "Forms  and 
Agreements"  under  which  the  Fuel  Gas  &  Electric  Engi- 
neering Company  was  to  take  over  and  remodel  the  gas 
plants  were  consigned  to  the  waste  basket,  except  the  few 
copies  preserved  as  curiosities,  and  the  company  eventu- 
ally became  the  Pittsburgh  Meter  Company,  acquiring 
the  patents,  some  fifty  odd,  for  which  the  Philadelphia 
Company  had  paid  $1  000  000  in  stock  for  the  exclusive 
use  in  Allegheny  County.  And  the  fuel  gas  dream  was  a 
memory.    Believe  me,  it  was  a  grievous  disappointment. 

The  history  of  the  development  of  the  alternating- 
current  system  is  familiar  to  the  older  electricians.  If 
it  is  ever  written  it  should  read,  if  not  like  a  fairy  tale, 
then  like  a  great  drama  of  human  endeavor  and  triumph, 
and  in  the  cast  of  characters  the  name  of  George  West- 
inghouse fills  no  minor  part.  His  vision  of  the  possibili- 
ties of  the  success  of  the  system,  he  lived  to  see  come 
true.  Perhaps  it  is  just  as  well  that  his  dream  of  con- 
trolling the  system  failed  of  realization.  But  his  critics 
and  competitors  were  forced  to  admit  he  was  right — and 
perhaps  there's  some  satisfaction  in  that. 
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WHEN  an  automobile  refuses  to  start,  the  carburetor  system  is  one  of  the  first  things  to  be  investigated. 
If  it  can  prove  an  alibi,  suspicion  may  rest  on  several  devices,  among  them  the  ignition  system.  The  car- 
buretor handles  a  liquid,  so  the  remedy  is  often  evident,  but  vi^ith  the  ignition  system  something  intangible 
is  involved  and  reasons  arc  harder  to  see.  It  is  not  intended  in  the  present  article  to  supplant  the  instruction 
books  supplied  by  manufacturers,  which  prescribe  definite  tests  and  specific  remedies.  Indeed,  various 
ignition  systems  diflfer  so  much  in  detail  that  general  instructions  to  cover  all  would  be  very  vague.  It  is 
proposed,  therefore,  to  indicate  the  reasons  for  certain  features  of  operation,  which  knowledge  may  result 
in  more  intelligent  care  in  the  driving  of  cars. 


THE  first  (luestion  asked  about  an  ignition  system 
is  usually  the  relative  merits  of  battery  and  mag- 
neto systeins.  Both  types  can  be  satisfactory  and 
both  are  reliable.  The  magneto  might  be  classed  as  a 
high-speed  machine,  which  is  unreliable  below  50  r.p.m. 
On  the  other  hand,  no  speed  is  too  low  for  battery  igni- 
tion. Indeed,  commercial  forms  are  satisfactory,  even  for 
eight-cylinder  machines,  at  from  one  to  3000  r.p.m.  The 
upper  speed  limits  of  both  forms  of  ignition  are  estab- 
lished by  the  requirements  of  the  service  they  are  in- 
tended to  fulfill,  and  can  be  pushed  as  high  as  neces- 
sary. The  reason  that  racing  cars  use  magnetos  is  be- 
cause they  carry  neither  starting  motor  nor  battery  and 
cannot  use  battery  ignition.  But  if  a  battery  is  used  for 
lighting  or  starting,  a  generator  is  usually  a  part  of  the 
eqtiipment  also.  Therefore  it  is  not  necessary  to  put  on 
a  second  generator,  in  the  form  of  a  magneto.  Since 
the  upper  speed  limits  of  the  two  ignition  devices  are 
the  same,  while  only  the  battery  ignition  is  reliable  at 
the  low  speeds,  the  latter  evidently  possesses  the  greaJer 
flexibility.  Claims  are  sometimes  inadc  that  one  form 
or  the  other  of  ignition  will  give  greater  power,  but  ex- 
tensive tests  by  operating  an  automobile  engine,  first 
with  one  type  and  then  with  the  other,  have  demon- 
strated that  there  is  no  apparent  difference  in  this  re- 
r.pect.  This  is  true  because  the  rate  of  flame  propaga- 
tion in  the  explosive  mixture  is  the  same  and,  after  the 
explosion  is  once  started,  the  spark  can  have  no  further 
effect.    This  condition  is  exemplified  in  Figs,  i  and  2. 

In  Fig.  I  is  shown  a  typical  oscillogram  of  a  mag- 
neto ignition  current  with  the  engine  revolving  at  1200 
r.p.m.  The  ignition  current  starts  with  a  comparatively 
high  peak,  which  immediately  drops  off  to  a  much  lower 
value ;  this  hangs  on  for  a  considerable  length  of  time. 
The  total  duration  of  the  discharge  current  is  equivalent 
to  about  28  degrees  rotation  as  measured  on  the  engine 
shaft.  In  Fig.  2  is  shown  a  siinilar  oscillogram  for  bat- 
tery ignition  current.  It  will  be  noticed  that  the  peak 
value  is  higher  thr.n  wilh  the  magneto,  but  the  duration 
is  mu:h  less,  be'ng  op.Iy  about  10  degrees.  The  areas 
under  the  curves,  which  represent  coulombs,  show  a 
bijjcr  vr.lnation  for  the  magneto,  but  this  is  .--.tretched 


out   over   a   long   period   of   time,    when    such    flow    of 
energy  is  useless. 

Anyone  familiar  with  automobile  ignition  will  realize 
that  the  ignition  of  the  explosive  mixture  does  not  con- 
sume anything  like  28  degrees  of  angular  displacement. 
The  total  time  of  ignition  is  so  nearly  instantaneous  that 
only  a  small  angle  is  swept  over  by  the  crank  shaft  while 
it  is  occurring.  For  this  reason,  the  battery  spark,  which 
is  all   over  at  the   end   of    10  degrees,   is   much   more 
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FIG.    I — 0SCII.I.0GRAM  Op   MAGNETO  IGNITION   CURRENT 
FIG.   2 — OSCILLOGRAM    OF    BATTERY    IGNITION    CURRENT 

Speed  :=  1200  r.p.m. 
efficient  than  the  magneto  spark;  by  the  lime  this  latter 
is  one-third  over  the  gas  has  been  exploded,  and  the  rest 
of  the  spark  occurs  in  a  cylinder  filled  with  burnt  gases. 

The  claim  is  often  made  that  at  high  speeds  the  mag- 
neto gives  a  much  stronger  spark  than  at  moderate 
speeds.  This  idea  is  based  on  the  fact  that  the  spark  at 
a  spark  plug  looks  a  great  deal  hotter  at  high  speeds. 
This  appearance  is  caused  by  the  rapidity  with  which  llio 
spark  recurs,  rather  than  by  its  increased  intensity,  since 
actually  the  intensity  falls  off  at  high  speeds.  A  repre- 
sentative curve  of  the  energy  per  spark  at  varying  speeds 
for  the  ordinary  magneto  is  shown  in  Fig.  3.  This  dis- 
closes the  fact  that  at  very  low  speeds  the  spark  energy 
is  inadequate,  but  rises  to  a  maximum  at  about  900 
r.p.m. ;  from  this  point  on  the  energy  per  spark  de- 
creases. 

Stimmarizing,  the  magneto  is  self-contained,  reliable 
and  especially  suitable  to  racers,  but  is  heavy  and  apt  to 
be  ragged  in  operation  at  low  speeds.  Battery  ignition  is 
reliable,  is  suitable  from  the  start  to  the  highest  speeds, 
is  easily  adjustable  for  spark  advance  and  is  light  in 
weight ;  but  it  requires  a  battery  as  an  adjunct. 

'1  he  spark  plug  is  sometimes  a  problem.  A  new  plug 
may  have  a  gap  anywhere  from  20  to  40  mils,  as  inspec- 
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tion  is  usually  not  very  rigid.  When  buying  a  new  plug 
it  is  worth  while  giving  this  point  some  attention.  Some 
manufacturers  recommend  a  gap  as  large  as  32  mils, 
but  the  best  practice  is  from  20  to  25  mils.  Many  obsti- 
nate cases  of  missing  have  yielded  after  the  gap  was  so 
adjusted.  In  fact,  in  a  recent  test,  a  number  of  units 
whose  makers  recommended  a  gap  of  32  mils  gave  dis- 
tinctly better  results 
when  reset  at  25  mils. 
It  shotild  be  remem- 
bered that  a  spark  will 
jump  a  distance  in  air 
four  to  six  times  as 
great  as  in  a  cylinder 
under  compression. 
The  relation  between 
length  of  spark  gap, 
compression  and  peak  voltage  required  to  jtunp  the  gap 
in  a  spark  plug  is  shown  in  Fig.  4.  If  it  is  suspected  that 
the  plugs  have  too  large  a  gap,  and  no  thickness  gage  is 
available,  an  unworn  dime,  which  has  a  thickness  of 
about  44  mils  at  the  rim,  will  give  a  ready  check.  W'hen 
the  points  are  half  this  distance  apart  the  gap  will  ap- 
proximate 20  mils. 

In  battery  ignition  systems,  the  battery  positive  is 
usually  grounded  instead  of  the  negative.  Since  it  is 
the  heat  of  the  spark  which  ignites  the  gasoline  vapor, 
it  is  advisable  to  liberate  this  heat  at  the  center  electrode 
of  the  plug,  which  will  retain  it  better  than  the  grounded 
iron  shell.  The  negative  liberates  more  heat  than  the 
positive  under  this  spark  discharge,  so  the  center  wire 
of  the  plug  is  made  negative  and  the  grounded  shell 
positive  to  the  high-tension  current.  Spark  coils  are 
usually  connected  like  an  autotransformer,  that  is,  the 
secondary  current  flows  through  the  primary,  and  the 
voltages  are  added  together.  Such  an  arrangement  ne- 
cessitates grounding  the  positive,  as  can  be  seen  in  the 
diagram  of  connections.  Fig.  5.  In  this  case  the  voltage 
of  the  battery  is  added  to 
that  of  the  coil,  making  a 
hotter  spark.  A  few  manu- 
facturers do  not  take  ad- 
vantage of  this  autotrans- 
former connection  and,  in 
such  cases,  either  pole  may 
be  grounded. 

\\  hen  replacing  a  battery, 
the  polarity  should  be  ob- 
served to  make  sure  it  is 
connected  the  same  way  as 
before.  If  this  precaution 
is  neglected  and  the  polarity 
is  reversed,  the  ignition 
would  be  aiifected  as  ex- 
plained above  and  the  engine  might  misfire.  Such  re- 
versal would  not  affect  the  starting  motor,  which  is  series 
wound.  Most  generators,  being  shunt  wound,  would 
have  their  fields  reversed,  and  so  would  automatically 
take  care  of  the  new  polarity.     Some  systems  use  con- 
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tacts  made  of  dissimilar  metals,  which  do  not  operate 
satisfactorily  on  reversed  current. 

Devices  called  spark  intensifiers  are  now  on  the  mar- 
ket, advertised  to  cure  missing.  These  are  nothing  more 
than  a  small  gap  to  be  inserted  in  series  with  the  spark 
plug.     If  the  spark  plug  is  clean  of  carbon,  they  do  no 
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FIG.    5 — IGNITION    COIL    WITH    AUTOTRANSFORMER    CONNECTIONS 

good,  but  weaken  the  ignition,  by  reducing  the  voltage 
available  at  the  plug.  But  if  the  spark  plug  is  fouled 
so  that  the  carbon  partly  short-circuits  it,  such  a  series 
gap  prevents  the  flow  of  high-tension  current  until  the 
voltage  has  built  up  to  a  high  value ;  this  charges  the 
winding  like  a  small  condenser  and,  when  the  auxiliary 
gap  breaks  down,  the  resulting  rush  of  current  breaks 
over  the  spark-plug  gap.  It  is  analogous  to  damming  a 
small  stream  of  water;  when  the  dam  breaks,  the  rush 
of  waters  no  longer  follows  a  high-resistance  by-path, 
but  overcomes  the  obstacles  in  the  main  stream.  The 
best  remedy,  of  course,  for  a  foul  plug  is  to  clean  it.  If 
the  gap  of  the  spark  intensifier  can  be  seen  easily,  it 
possesses  some  value  in  testing  the  ignition,  as  it  will 
indicate  misfiring.  In  this  respect,  it  is  better  than  un- 
screwing the  plug  and  laying  it  on  the  cylinder  for  test, 
for  then  the  spark-plug  gap  is  not  imder  compression, 
and  so  a  weak  voltage  may  jump  across  and  escape  de- 
tection. This  effect  may  be  seen  from  Fig.  4.  For  in- 
stance, a  potential  of  4000 
volts  would  easily  jump  the  plug 
in  air,  but  would  be  totally  in- 
adequate under  compression. 

Probably  the  most  conveni- 
ent all-around  method  of  test- 
ing for  a  faulty  spark  gap  or 
ignition  system  is  to  use  a 
screwdriver  with  a  thoroughly 
insulated  handle  to  short-circuit 
the  plug,  as  shown  in  Fig.  6. 
The  point  of  the  screwdriver  is 
grounded  on  the  cylinder  head 
and  the  shank  brought  near  to 
the  top  of  the  spark  plug.  The 
path  from  the  grounded  cylin- 
der up  the  screwdriver  and 
across  the  gap  to  the  plug  is  in  parallel  with  the  reg- 
ular gap  at  the  lower  end  of  the  plug.  If  the  greatest 
distance  the  spark  will  jump  across  this  external  gap  is 
about  3/32  inch,  this  shows  the  ignition  and  plug  are  in 
good  condition.     If  the  maximum  distance  it  can  jump 


-TESTING  A  SPARK 
PLUG 


i86 


THE    ELECTRIC   JOURNAL 


is  much  less  than  this,  it  indicates  either  that  the  igni- 
tion voltage  is  weak  or  else  that  the  plug  is  partially 
short-circuited  so  that  the  current  has  an  easy  by-path. 
If  the  spark  will  jump  much  more  than  3/32  inch,  it 
shows  that  the  plug  points  are  spaced  too  far  apart, 
since  the  voltage  jumps  this  long  external  path  rather 
than  the  inside  gap. 

A  question  frequently  asked  is,  whether  the  spark 
occurs  when  the  interrupter  contacts  open,  or  when 
they  close.  Those  who  cannot  remember  will  be  aided 
by  an  analogy.  If  3'ou  fall,  you  feel  a  small  shock  when 
you  start  falling.  So,  too,  there  is  a  voltage  shock  in 
the  induction  coil  when  the  contacts  close  and  the  cur- 
rent starts,  but  it  is  small  and  does  not  jump  the  plug. 
But  when  you  reach  the  ground  and  stop,  then  comes 
the  real  shock,  and  it  is  the  same  with  the  coil.  When 
the  contacts  open  and   the  current   stops,   the   ignition 


spark  occurs.  It  is  here  that  the  condenser  becomes 
useful.  Without  it,  when  the  primary  contacts  open, 
the  current  would  not  stop  instantly,  but  would  hold 
on  for  a  time,  dying  out  slowly  as  an  arc  across 
the  gap.  But  with  the  condenser  connected  across  the 
contacts,  enough  of  the  current,  which  would  other- 
wise jump  across  the  gap,  is  absorbed  to  reduce  the 
arcing  to  a  minimum.  If  the  condenser  is  too 
small,  destructive  arcing  at  the  contacts  will  result,  with 
decreased  secondary  spark,  and  if  it  is  too  large,  the 
secondary  current  will  oscillate,  causing  less  intensity  in 
the  spark. 

In  conclusion,  it  may  be  stated  that  the  automobile 
ignition  system  is  a  highly  developed  and  refined  com- 
bination of  apparatus,  not  likely  to  go  wrong  in  the 
hands  of  a  driver  who  understands  the  simple  rudiments 
of  its  operation. 
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THE  distortion  of  the  main-field  flux  of  direct- 
current  motors  by  the  current  in  the  armature 
conductors  presented  serious  limitations,  which, 
however,  were  removed  to  a  large  extent  by  the  intro- 
duction of  commutating  poles.  With  the  development 
of  machines  to  take  advantage  of  the  removal  of  these 
limitations,  field  distortion  again  presented  new  difficul- 
ties, which  have  in  turn  been  overcome  by  the  introduc- 
tion of  so-called  compensating  windings.  Since  the  ap- 
plication of  compensating  windings  is  closely  related  to 
the  use  of  the  commutating  pole,  they  will  be  considered 
in  conjunction  with  each  other,  which  in  turn  demands 
some  consideration  of  the  problem  of  commutation. 

REACTANCE   VOLTAGE 

The  sparking  and  heating  incident  to  unsatisfactory 
commutation  are  due  to  the  circulation  of  currents  in 
the  coils  which  are  short-circuited  by  the  brushes.  The 
e.m.f.  which  is  induced  in  the  short-circuited  coils,  often 
called  the  reactance  voltage,  and  which  causes  the  flow 
of  these  local  currents,  may  be  expressed  approximately 
by  the  formula : — 

Ez  =.  IcWTRK ( I ) 

Where  Ec  =  voltage  induced  in  a  short-circuited  coil. 
Ic  =  current  per  conductor. 
W  =  total  wires  on  the  armature. 
T  =  turns  per  coil. 
R  =  revolutions  per  second. 

K  =z  a.  constant  for  any  given  machine,  depending 
upon  the  general  construction  and  dimensions, — 
as  armature  diameter  and  length,  number  and 
size  of  slots,  number  of  poles,  brush  width,  etc. 

By  decreasing  the  voltage  Ec,  or  by  increas  Jig  the  re- 
sistance around  which  it  acts,  commutation  troubles  may 
be  diminished.  Such  an  increase  of  resistance  may  be 
obtained  by  using  carbon  brushes,  and  the  e.m.f.  may  be 
decreased  by  designing  a  machine  so  that  the  factors 
K,  W  and  T  will  be  small.     In  non-commutating-pole 


machines  both  of  these  methods  of  improving  com- 
mutation were  employed.  However,  it  is  undesirable  to 
decrease  A.',  IV  and  T  beyond  certain  limits,  since  such 
changes  increase  the  size  of  the  machine.  Therefore  a 
scheme  for  eliminating  £"c  was  generally  used.  The 
brushes  were  shifted  around  the  commutator  to  a  posi- 
tion where  the  coils  would  be  commutated  while  moving 
in  the  fringe  of  the  main-field  flux,  thereby  inducing  a 
voltage  in  the  short-circuited  coils  which  tended  to 
neutralize   £c,   if   the  proper  direction  and  amount  of 


FIG.    I — FLUX    DISTRIBUTION    FOR   VAWOUS    LOADS    ON    A 
DIRECT-CURRENT    MOTOR 

brush  shift  were  used.  This  method  of  improving  com- 
mutation also  had  its  limitations  and  disadvantages,  as 
a  consideration  of  the  magnetic  field  of  a  machine  will 
show. 

The  ordinates  of  curve  A,  Fig.  i,  represent  the  flux 
density  in  the  air-gap  when  no  current  is  flowing  in  the 
armature,  the  pole-face  having  the  shape  shown.  The 
flux  distribution  is  determined  by  the  main-pole  ampere- 
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turns  available  for  the  air-gap  and  the  teeth,  by  the  shape 
of  the  pole- face,  the  air-gap  length  and  the  saturation  in 
the  teeth  and  pole-tips.  If,  however,  current  is  flowing 
in  the  armature,  the  flux  density  at  any  point  is  no  longer 
determined  by  the  field  m.m.f .  alone,  but  by  the  resultant 
of  the  field  and  armature  m.m.f.'s,  and  the  field  form 
will  assume  the  shape  B,  or  for  a  greater  load  or  larger 
armature  current,  the  shape  C.  Assuming  that  this  ma- 
chine is  a  motor,  with  polarity  and  direction  of  rotation 
as  shown  in  Fig.  i,  the  direction  of  current  flow  in  the 
armature  conductors  will  be  as  indicated,  the  customary 
method  of  representing  current  direction  being  em- 
ployed. The  short-circuited  voltage  £c,  since  it  always 
tends  to  maintain  the  current,  will  have  the  same  direc- 
tion as  the  current.  To  neutralize  this  voltage  for  a  load 
corresponding  to  the  flux  distribution  B,  it  will  be  nec- 
essary to  have  commutation  take  place  at  the  point  p,  so 
that  a  coil  as  it  is  commutated  will  cut  the  flux  b,  thereby 
generating  a  voltage  equal  and  opposite  to  £c.  If  the 
load  should  increase  to  a  value  corresponding  to  curve 
C,  the  brush  position  being  unchanged,  the  commutating 
flux  would  decrease  to  a  value  c,  while  Ec  would  in- 
crease in  direct  proportion  to  the  increase  in  load.   Hence 

the  commutating  flux 
at  load  C  would  be 
much  smaller  than 
that  required,  so  that 
the  commutation  at 
this  load  might  be 
bad,  even  though 
conditions  were  good 
at  load  B.  Again,  at 
no-load  the  flux 
would  exceed  the 
n  e  c  e  ssary  amount 
and  c  o  m  m  utation 
would  again  be  bad. 
A  movement  of  the 
brushes,  since  it 
changes  the  position  of  the  armature  m.m.f.  relative  to 
the  main  poles,  will  effect  the  flux  distribution.  Also  a 
change  of  brush  position  makes  a  small  change  in  the 
constant  K  in  equation  (i). 

NON-COM MUTATING-POLE    M.\CHINES 

Obviously,  a  non-commutating-pole  machine  cannot 
be  made  to  commutate  properly  over  a  large  range  of 
loads  without  changing  the  brush  position  as  the  load 
changes,  unless  the  brushes  are  set  at  such  a  point  that 
the  voltage  due  to  under-compensation  at  heavy  loads 
and  over-compensation  at  light  loads  will  not  be  ex- 
cessive. In  this  type  of  machine  the  brushes  are  set  to 
give  proper  compensation  at  some  mean  load  value,  and 
an  effort  is  made  to  keep  the  flux  at  the  point  of  com- 
mutation as  nearly  constant  as  possible  so  that  the  high- 
contact  resistance  of  the  brushes  will  be  sufficient  to 
limit  the  current  flow  due  to  excess  of  Ec  at  heavy 
loads  and  excess  of  the  e.m.f.  generated  by  cutting  the 
commutating  flux  at  light  loads. 


FIG.   2 — SATURATION   CURVES   OF  A   NON- 
COMMUTATING-POLE   MACHINE 


To  limit  the  variation  of  flux  at  the  point  of  com- 
mutation, it  is  necessary  to  reduce  the  distorting  eft'ect 
of  the  armature  ampere-turns.  The  method  of  accom- 
plishing this  result  is  apparent  from  a  consideration  of 
the  saturation  curve  shown  at  A,  Fig.  2,  for  an  ele- 
mentary flux-path  X,  Fig.  i.  If  Oa  represents  the  field 
ampere-turns  available  for  the  air-gap  and  teeth,  and  m 
the  armature  ampere-turns  at  full  load  at  point  x,  Fig  i, 
then  Ob  is  the  resultant  m.m.f.  at  x,  and  the  change  in 
flux  from  no  load  to  full  load  at  the  point  of  commuta- 
tion is  represented  by  r.  This  change  of  flux  r  can  be 
decreased : — 

I — By  a  decrease  of  m,  the  armature  m.m.f. 

2 — By  saturating  the  path  x  so  as  to  obtain  the  curve  B. 

3 — By  increasing  the  air-path  length  at  x,  thereby  obtaining 
the  saturation  curve  C. 

The  armature  m.m.f.  m  may  be  decreased  by  reduc- 
ing the  number  of  turns  on  the  armature.  Curve  B  may 
be  obtained  by  cutting  away  part  of  the  laminations  at 
the  pole-tip,  thus  saturating  the  remaining  iron.  The 
air-gap  at  x  may  be  increased  by  reducing  the  pole-chord 
or  by  using  a  large  bevel  on  the  pole-tip.  Combinations 
of  these  methods  of  obtaining  a  proper  commutating 
fringe  are  employed,  using  an  armature  having  com- 
paratively few  turns,  which  not  only  reduces  the  field 
distortion  but  also  the  short-circuited  voltage  Ec.  Such 
a  decrease  in  armature-turns  requires  a  corresponding 
increase  in  the  main-field  flux  in  order  to  generate  a 
given  voltage,  which  is  a  decided  disadvantage  on  ac- 
count of  the  fact  that  large  and  heavy  poles  and  yokes 
are  necessary  to  carry  the  large  flux.  Saturation  of  the 
pole-tip,  decrease  of  pole-chord,  or  large  pole-tip  bevel 
also  have  their  disadvantages.  Any  of  these  methods  of 
minimizing  distortion  either  reduces  the  field  flux  which 
can  be  obtained  with  a  given  number  of  ampere-turns  or, 
for  a  given  flux,  demands  an  increase  in  the  field  ampere- 
turns  with  a  consequent  increase  in  the  weight  of  copper 
required  for  the  field  winding. 

COMMUTATING-POLE    MACHINES 

In  the  commutating-pole  machine  the  undesirable 
eiTects  of  field  distortion  are  practically  eliminated  so 
far  as  commutation  is  concerned.  By  means  of  the  com- 
mutating pole  and  its  winding,  the  neutral  or  brush 
position  is  definitely  fixed  and  the  proper  commutating 
flux  is  obtained  at  this  point.  IVIoreover,  since  the  wind- 
ing is  connected  in  series  with  the  armature,  the  com- 
mutating flux  is  directly  proportional  to  the  load  current 
and,  therefore,  is  directly  proportional  to  the  voltage 
Ec.  Field  distortion  being  no  longer  a  limiting  feature, 
it  is  evident  that  the  number  of  turns  on  the  armature 
may  be  increased,  and  smaller  air-gaps  and  poles  of 
greater  span  and  less  bevel  may  be  used,  with  consequent 
decrease  in  the  amount  of  copper  required  for  the  field 
winding,  and  in  the  size  of  the  yoke  and  pole  body. 
However,  as  machines  have  been  developed  to  take  ad- 
vantage of  these  possibilities,  field  distortion  has  again 
presented  limitations  through  its  effect  upon  the  speed 
regulation  of  motors. 

The  effect  of  the  armature  ampere-turns,  as  shown  in 
Fig.  3,  is  to  decrease  the  main  flux  on  one  side  of  the 
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pole  and  to  increase  it  on  the  other.  With  an  increase  of 
flux,  as  shown  at  B,  the  teeth  at  this  point  and  possibly 
the  pole-tip  will  become  saturated,  while  with  a  decrease 
of  flux,  as  at  A,  there  will  be  no  saturation  in  the  iron. 
Accordingly,  the  increase  of  flux  under  one-half  of  the 
pole,  on  account  of  the  armature  m.m.f.,  is  less  than  the 
decrease  under  the  other  half.  The  result  is  that  for  a 
constant  main-pole  m.m.f.,  as  in  a  shunt  motor,  the  main 
flux  decreases  as  the  load  on  the  machine  increases.  The 
speed  of  the  motor  in  revolutions  per  second,  7?s,  is 
given  by  the  equation : — 
iE  —  IR)io^ 


Rb 


.(2) 


M-T0  

Where     B  =  impressed  voltage. 

77?  =  voltage  drop  in  the  machine. 
IV  :=  wires  in  series  on  the  armature. 
P  =  number  of  poles. 
<t>  =:  flux  per  pole. 

For  a  given  machine  W  and  P  are  constants.  The 
terms  (£  —  IR)  and  0  decrease  with  increase  of  load. 
If  <t)  decreases  more  rapidly  than  (£  —  IR)  the  speed 
of  the  motor  will  increase  as  the  load  increases.  A  rising 
speed  curve  in  a  motor  is  always  undesirable,  and  espe- 


FIG.  3 — EFFECT  OF  C0MMUT.\TING  POLES  ON  FLUX  DISTRIBUTION 

cially  so  for  those  applications  where  the  load  increases 
with  the  speed.  This  type  of  speed  curve  will  be  ob- 
tained if  a  motor  is  built  with  a  large  number  of  turns 
on  the  armature,  a  large  pole-span,  and  small  air-gap 
and  bevel.  For  such  a  machine  the  field  distortion  will 
be  large  and,  with  increasing  load,  0  will  decrease  more 
rapidly  than  (£  —  IR).  Hence  if  the  advantages  of 
this  type  of  construction  are  to  be  retained,  methods 
must  be  devised  for  giving  the  desired  speed  charac- 
teristic. 

For  a  shunt-wound  motor,  a  drooping  speed  curve 
may  be  obtained  by  shifting  the  brushes  in  the  direction 
of  rotation,  for  example  to  a  point  d,  as  shown  in  Fig.  3. 
Such  a  shift  has  the  eft'ect  of  adding  part  of  the  com- 
mutating-pole  flux  to  the  main-pole  flux.  This  added 
flux  increases  with  increase  of  load,  and  therefore  com- 
pensates for  the  decrease  of  the  main  flux  due  to  the  field 
distortion.  Assume,  however,  that  the  direction  of  rota- 
tion of  the  motor  is  changed  by  reversing  the  armature 
leads,  the  brushes  remaining  at  d.  The  polarity  of  the 
commutating  poles  in  Fig.  3  will  be  changed,  while  the 
main  poles  remain  the  same.    Hence  for  the  new  direc- 


tion of  rotation  a  portion  of  the  commutating-pole  flux 
will  be  subtracted  from  the  main  flux,  and  as  the  load 
increases  the  speed  of  the  machine  will  increase  rapidly. 
Hence,  aside  from  the  possibility  of  a  bad  effect  on  com- 
mutation, the  use  of  a  brush  shift  to  obtain  a  drooping 
speed  curve  will  make  a  motor  non-reversible.  The 
better  method  for  obtaining  the  desired  speed  charac- 
teristic is  to  place  a  few  turns  of  wire  on  the  main  pole 
and  connect  it  in  series  with  the  armature  so  that  the' 
main-pole  m.m.f.  will  increase  with  increasing  load, 
thereby  maintaining  a  nearly  constant  flux.  The  arma- 
ture leads  may  be  reversed  without  changing  this  wind- 
ing, therefore  the  motor  is  reversible,  and  also  the 
brushes  can  be  placed  in  their  proper  position.  On  ac- 
count of  the  fact  that  they  compensate  for  the  eft'ect  of 
the  field  distortion  on  the  motor  speed,  these  light  series 
windings,  which  have  come  into  quite  general  use  on 
shunt-wound  motors,  are  termed  compensating  wind- 
ings, or  sometimes  "stabilizing  windings,"  since  they  in- 
sure stable  operation  of  the  machine  under  all  condi- 
tions of  loading. 

Even  though  good  commutation  may  be  well  pro- 
vided for  by  means  of  commutating  poles,  and  the  proper 
speed  curve  obtained  by  the  use  of  stabilizing  coils,  field 
distortion  may  present  a  third  limitation,  namely,  ex- 
cessive voltage  between  commutator  bars,  with  the  re- 
sultant danger  of  a  flashover.  The  voltage  generated 
in  any  coil  is  proportional  to  the  flu.x  which  the  coil  is 
cutting.  Hence  coils  at  B,  Fig.  3,  are  generating  a  much 
higher  voltage  than  the  average  voltage  per  coil,  and 
consequently  the  voltage  between  two  commutator  bars 
in  this  region  may  become  excessive  if  the  average  volt- 
age per  commutator  bar  is  high  and  the  maximum  flux 
value  is  considerably  above  the  average  flux  value.  To 
overcome  this  difficulty  another  form  of  compensating 
winding  or,  as  it  is  sometimes  called,  a  pole-face  winding 
is  used.  This  type  of  winding  is  distributed  over  the 
main-pole  face  in  slots  and  is  connected  in  series  with 
the  armature  so  that  its  m.m.f.  just  neutralizes  the  arm- 
ature m.m.f.  across  the  pole  face  and  eliminates  the  dis- 
torting effect  of  the  armature  ampere-turns.  This  wind- 
ing, being  somewhat  complicated  and  expensive,  is  used 
only  on  larger  machines.  For  small  motors,  such  as 
high-voltage,  large  speed-range  machines,  in  which  the 
maximum  voltage  between  commutator  bars  may  become 
excessive  at  high  speed  where  the  field  is  relatively  weak 
and  the  distortion  accordingly  extreme,  fewer  turns  on 
the  armature,  larger  air-gaps  or  more  pole-tip  bevel  are 
resorted  to  in  order  to  reduce  the  distortion. 

With  the  use  of  commutating  and  compensating 
windings,  not  only  has  the  size  of  direct-current  ma- 
chines been  aflfected  to  some  extent,  but  motors  may  also 
be  built  for  speeds  and  ranges  of  speed  adjustment  that 
would  have  been  out  of  the  question  before  the  advent 
of  the  commutating  pole.  Moreover,  when  the  pole- face 
winding  is  employed,  machines  may  be  designed  to  with- 
stand extreme  conditions  of  service,  such  as  large  and 
sudden  overloads. 
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THE  method  of  winding  a  small  single-phase, 
squirrel-cage  induction  motor  or  a  small  repul- 
sion-starting induction  motor  differs  widely  from 
that  of  other  types.  The  type  of  winding  most  com- 
monly used  is  known  as  the  skein-winding,  from  the  fact 
that  a  skein  of  wire  is  looped  a  number  of  times  through 
several  slots  to  form 
a  pole.  The  number 
of  turns  in  the  skein 
is  therefore  a  divisor 
of  the  niunber  of 
wires  in  each  of  the 
slots,  and  depends  on 
the  number  of  times 
it  is  desired  to  loop 
the  skein  through  the 
slots  and  the  number 
of  slots  available. 

I  n  repairing  a 
motor,  the  number 
of  times  the  skein  is 
to  be  looped  through  the  slots  and  the  length  of  the  skein 
is  obtained  from  the  burned-out  machine.  The  deter- 
mination of  the  perimeter  of  the  skein  from  the  physical 
dimensions  of  the  primary  core  involves  a  certain  amount 
of  experience,  obtained  from  actual  practice,  and  since 
this  article  is  intended  to  be  of  more  interest  to  the  lay- 


FICS.    I    to    7 — SUCCESSIVE   OPERATIONS    IN    WINDING    A    MAIN    WINDING    COIL    SKEIN 
INTO  THE  SLOTS  OF  A  SPLIT-PHASE,  6o  CYCLE,  FOUR-POLE,  24  SLOT  INDUCTION   MOTOR 
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scheme  for  the  novice  is  by  trial  with  a  single  wire.  This 
wire  is  laid  in  the  slots  exactly  as  the  skeins  of  wire  will 
be  laid,  proper  allowance  being  made  for  the  building 
up  of  the  skein  ends  from  slot  to  slot,  after  which  the 
wire  is  removed  and  measured.  A  trial  skein  of  this 
length  is  then  made  and  wound  in  the  slots  and  correc- 
tions made,  if  neces- 
sary, on  the  next 
skeins. 

After  the  skein 
length  and  distribu- 
tion have  been  ob- 
tained from  the  old 
motor,  the  exact  pro- 
cedure in  winding  is 
as  shown  in  Figs.  I 
to  7.  The  distribu- 
tion of  a  24  slot  pri- 
mary winding,  indi- 
cating the  number  of 
times  the  main  wind- 
ing skein  is  wound  into  each  slot,  is  shown  in  Figs.  8 
and  12.  This  distribution  is  the  one  most  com- 
monly used.  Other  distributions  may  be  used,  but  in  all 
skein  windings  the  wires  in  any  slot  must  be  a  multiple 
of  the  wires  in  the  skein.  A  developed  view  of  the  pri- 
mary or  stator  winding  is  shown  in  Fig.  i,  looking  at  the 
teeth  with  the  first  operation  of  putting  the  skein  wind- 
ing in  slots  J  and  5  completed.    The  short  end  of  the  coil 
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FIG  II 

FIG.      8 — DISTRIBUTION  OF  MAIN  AND  STARTING  WINDING 
COILS  OF  A  FOUR-POLE  MOTOR  SHOWING 
SKEINS   OVERLAPPED 
FIG.      9 — DISTRIBUTION   TO  AVOID  OVERLAPPING   OF   SKEINS 
FIG.    10 — DISTRIBUTION    OF   AN    EIGHT-POLE    MACHINE 
FIG.    II — DISTRIBUTION   OF   AN   EIGHT-POLE,   CONSEQUENT- 
WOUND    MACHINE 

men  than  to  the  designer,  its  calculation  will  not  be  in- 
cluded. If,  however,  the  old  winding  is  not  available 
for  getting  the  perimeter  of   the   skein,   a   satisfactory 


FIG.    12 — COMPLETE     MAIN     WINDING    OF    A    FOUR-POLE,    60 

CYCLE,  SPLIT-PHASE  INDUCTION   MOTOR 

FIG.    13 — COMPLETE    MAIN   .\ND    STARTING   WINDING   OF  THE 

SAME   MOTOR 

should  be  firmly  pressed  against  the  core,  using  a  raw- 
hide or  fiber  mallet  or  a  piece  of  smooth  wood. 

A  half  twist  is  next  made  in  the  skein,  as  shown  in 
Fig.  2,  and  the  loop  is  then  laid  back  over  the  winding 
and  threaded  into  slots  2  and  d,  as  in  Fig.  3.  The  half 
twist  is  repeated,  as  in  Fig.  4,  and  the  loop  is  then  laid 
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FIG.   14 
FIG.  14- 


back  in  slots  ^  and  6  for  the  second  time,  as  in  Fig.  5. 
This  second  half  twist,  in  Fig.  4,  must  be  in  the  opposite 
direction  to  the  first  one,  Fig.  2,  to  bring  the  same  side 
of  the  loop  on  top,  as  otherwise  a  twist  will  be  put  in  the 
skeins,  which  will  make  it  hard  to  wind  smoothly,  espe- 
cially if  it  is  looped  back  and  forth  many  times.  The 
half  twist  in  Fig. 
6  is  made  in  the 
same  direction  as 
that  in  Fig.  2,  and 
looping  the  turns 
into  slots  I  and  7 
c  0  m  p  1  e  tes  the 
winding  of  the 
skein.  The  wind- 
ing of  the  second 
and  sub  sequent 
coils  is  exactly  the 
same  as  the  first, 
the  c  o  m  p  1  e  ted 
winding  for  a 
four-pole,  24  slot 
machine  being 
shown  in  Fig.  12. 

For  repulsion- 
starting,  indue- 
tion-running  motors  the  primary  winding  is  complete,  as 
shown  in  Fig.  12,  and  the  coils  are  connected  together, 
as  indicated  in  Fig.  14.  Four  leads  are  brought  out,  so 
that  these  motors  may  be  connected  externally  for  either 
220  or  no  volts. 

For  split-phase  starting,  squirrel-cage  motors  an  ad- 
ditional winding  is  required  on  the  primary  to  start  the 
motor.  This  starting  winding  is  connected  across  the  line 
until  approximately  two-thirds  synchronous  speed  is 
reached,  when  its  circuit  is  automatically  opened  by  a 
centrifugally-operated  switch.  This  winding  is  dis- 
placed 90  electrical  degrees  from  the  main  winding,  or  in 
other  words,  the  center  of  the  starting  winding  is  be- 
tween the  pole  centers  of  the  main  winding.  Its  distribu- 
tion and  the  length  of  the  skeins  must  be  determined  by 
trial  as  explained  for  the  main  winding.     The  starting 


FIG.   IS 


PRIMARY  CONNECTIONS  OF  A  SINGLE-PHASE,  REPULSION-STARTING 
INDUCTION    MOTOR 

N  denotes  neutral  points.    For  a  220  volt  circuit,  leads  2  and  3  should  be  connected 

together  and  leads  /  and  4  to  the  line.     For  a  no  volt  circuit,  leads  i  and  3 

should  be  connected  in  parallel  to  one  line  and  leads  s  and  4  to  the  other. 

FIG.    IS — DIAGRAM    OF  CONNECTIONS  OF   A   FOUR-POLE,   SPLIT-PHASE    MOTOR 

With  coils  connected  in  series.    To  obtain  clockwise  rotation,  leads  /  and  3  should 
be  connected  in  one  line  and  leads  ,?  and  4  to  the  other.    For  counter  clock- 
wise rotation,  leads  /  and  j  should  be  connected  to  one  line 
and  leads  2  and  4  to  the  other. 

FIG.   16 — SAME  AS  FIG.   IS,  BUT  FOR  SERIES-PARALLEL  CONNECTIONS  OF  COILS 


used  depends  upon  whether  the  winding  is  connected  in 
series  or  in  series-parallel.  In  Fig.  8  the  skeins  of  the 
different  poles  overlap  in  slots  i,  7,  13  and  zp  for  the 
main  winding  and  4,  10,  16  and  22  for  the  starting  wind- 
ing. This  particular  arrangement  is  not  essential,  but 
depends  entirely  upon  circumstances.     The  winding  in 

the  p  a  r  t  i  c  ular 
motor  selected 
could  have  been 
distributed,  as  in- 
dicated in  Fig.  9, 
but  in  that  case  a 
smaller  size  wire 
would  have  been 
required  in  the 
main  winding  to 
obtain  the  same 
number  of  effec- 
tive turns,  with 
consequently 
higher  copper 
loss.  Under  some 
con  ditions.  and 
with  other  pole 
and  slot  combina- 
tions, it  is  often 
g  so  that  adjacent 


FIG.    16 


advantageous  to  distribute  the  windin 
poles  do  not  lap. 

A  method  sometimes  employed  in  winding  small 
motors  of  the  induction  type  is  known  as  hand-winding. 
The  conductors  are  wound  in  the  slots  one  at  a  time,  be- 
ginning at  the  center  of  a  pole,  as  shown  in  Fig.  17.  This 
method  is  always  used  when  the  number  of  turns  in  the 
slots  have  no  relatively  large  common  divisor,  thereby 
eliminating  the  skein-winding  method.  The  hand-wind- 
ing method  should  not  be  employed  for  the  starting  wind- 
ing of  a  split-phase  motor,  because  the  resistance  of  the 
starting  winding  would  vary  too  much  with  individual 
winders. 


/^^^vi^V^V^ 


FIG.   17 — HAND-WINDING    SCHEME  FOR   MAIN   COILS  OF  PRIMARY 
SHOWN  IN  FIG.    12 

winding  is  a  resistance  winding.  Consequently  it  is  very 
important  that  its  resistance  in  the  rewound  motor  be  the 
same  as  it  was  originally,  which  makes  the  length  of  the 
skein  important.  The  distribution  of  both  the  main  and 
starting  windings  and  the  number  of  times  the  skein  is 
to  be  wound  into  each  slot  are  shown  in  Fig.  13. 

The  connections  of  the  main  and  starting  windings 
are  shown  in  Figs.  15  and  16.    The  actual  diagram  to  be 


FIG.   18  FIG.   19 

FIG.    18 — DI.\GRAM    OF    CONNECTIONS    OF    SINGLE-PHASE,    EIGHT-POLE, 

24  SLOT,  SERIES-CONNECTED,  CONSEQUENT-POLE 

INDUCTION    MOTOR 

FIG.    19 — SAME  .\S   FIG.    l8,   BUT    FOR   SERIES-PARALLEL   CONNECTIONS 

It  frequently  happens  that  designers  are  called  upon 
to  build  motors  for  odd  frequencies,  such  as  125,  133  and 
140  cycles  on  standard  60  cycle  motor  parts.  Standard 
60  cycle  parts  are  used,  because  there  is  not  a  large  de- 
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maud  for  such  odd  frequency  motors.  The  number  of 
poles  of  such  motors  is  usually  large,  resulting  in  a  small 
number  of  slots  per  pole.  Using  a  24  slot  primary,  wound 
eight  poles,  the  slots  per  pole  would  be  three  and  the  dis- 
tribution of  the  winding  would  be  as  shown  in  Fig.  10. 
Such  a  winding  is  very  difficult  to  wind  and  so,  in  a  case 


of  this  kind,  a  consequent-pole  winding  would  be  used 
with  a  distribution  as  shown  in  Fig.  11.  This  motor 
would  be  wound  in  the  same  manner  as  shown  in  Figs,  i 
to  7,  but  all  the  coils  would  be  connected  with  the  same 
polarity  as  indicated  in  Figs.  18  and  19  for  series  or 
series-parallel  grouping. 


Polyj^lia^t)  Motor  c'ojiiiocUloii  T)i<M>;ra((\^ 


A.  M.  Dudley 


THE  illustrations  in  this  article  form  the  beginning 
of  a  series  of  standard  diagrams  of  connection  for 
the  windings  of  polyphase  alternating-current 
motors.  These  diagrams  will  begin  with  two  poles  and 
give  for  each  speed  all  the  possible  connections  of  two 
and  three-phase,  star  and  delta,  and  series  and  parallel 
connections  in  all  their  combinations. 

It  is  manifest  that  the  total  possible  number  of  com- 
binations of  poles,  phases,  slots,  coils  per  slot,  etc.,  is 
very  large  even   for   full-pitch  windings  and   balanced 


cases.  The  exceptions  which  occur  when  the  mmiber 
of  slots  is  not  a  multiple  of  the  product  of  poles  and 
phases  will  be  treated  in  a  subsequent  article. 

From  the  nature  of  the  diagrams  here  given  it  will  be 
seen  that  they  are  not  dependent  on  the  total  number  of 
slots  in  the  machine,  nor  upon  the  number  of  coils  per 
group,  nor  upon  the  throw  or  pitch  of  the  coils,  but  are 
general  for  all  machines  of  the  same  number  of  phases 
and  poles.  Each  one  of  the  small  arcs  in  the  circle  rep- 
resents the  ends  of  the  coils  in  a  single  pole-phase  group 


FIG.    I — COMPI.KTEI.V    WOUND    MOTOR   WITH 
COIL   ENDS    NOT  CONNECTED 

A    40    hp,    three-phase,    eight-pole,    220 

volt,  60  cycle,  96  coil,  96  slot 

iiifliiction  motor. 


FIG.  2 — Con.S      STUBBED  UP     OR  CONNECTED 
INTO  POLE-PHASE  GROUPS 

A  25  hp,  three-phase,  four-pole,  220  volt 
25  cycle,  96  coil,  96  slot  induc- 
tion motor. 


Fit',,     j  —  POLE-PHASE    GROUPS     CONNECTED 
INTO  A  COMPLf:TE  WINDING 

A    100  hp.   three-phase,   eight-pole,   220 

volt,  60  cj'cle,  120  coil,  120  slot 

iuductiou  motor. 


groups.  .And  when  the  possibilities  of  chording  and 
using  unbalanced  groups  are  considered,  the  nuniljcr  of 
combinations  is  at  once  seen  to  be  too  great  to  cover  in 
a  short  series  of  articles.  However,  by  the  relatively 
simple  scheme  of  considering  the  group  of  coils  which 
forms  one  phase  of  one-pole  as  a  unit,*  the  possible  num- 
ber of  combinations  becomes  relatively  limited.  It  must, 
of  course,  be  presupposed  that  the  winder  knows  the 
number  of  poles  and  phases  of  the  machine  and  has  been 
supplied  with  coils  of  the  proper  throw,  as  otherwise  the 
problem  is  complicated  to  the  point  that  only  an  engi- 
neer capable  of  designing  the  motor  should  direct  its  re- 
pair. Given  the  above  information,  the  determination  of 
the  number  of  coils  which  shall  be  connected  into  a  pole- 
phase   group    is    relatively    simple,    in    the    majority    of 


*See  previous  articles  in  the  Journal  by  Mr.  M.  W.  Bart- 
mess,  May,  1911  ;  Mr.  H.  C.  Specht,  June,  1911;  Mr.  \.  M. 
Dudley,  Feb.,  1916. 


in  the  winding.  In  order  to  illustrate  this,  photographs 
have  Ijeen  taken  of  machines  in  three  stages.  In  Fig.  I 
a  machine  is  shown  in  which  the  coils  have  simply  been 
placed  in  the  slots  by  the  winder  and  no  connections  have 
been  matie.  The  wires  which  are  the  beginnings  and 
endings  of  the  coils  are  sticking  out  at  random.  In  Fig. 
2  the  coils  have  been  connected  into  several  distinct 
grou[)s,  and  the  remaining  wires,  which  protrude  radially 
toward  and  away  from  the  center  of  the  machine,  form 
the  beginning  and  the  end  of  each  pole-phase  group. 
The  operation  which  has  been  performed  between  Fig. 
I  and  Fig.  2  can  be  described  in  this  way  : — Suppose,  for 
e.xample,  that  there  are  96  total  coils  in  the  winding  and 
that  it  is  to  be  connected  for  three  phases  and  four  poles. 
There  will  then  be  3  ><  4  =  12  pole  phase  groups,  and 
96  -^  12  =  8  coils  in  each  group.  Starting  at  any  arbi- 
trary point,  the  winder  connects  the  first  eight  coils  in 
series  by  connecting  the  end  of  coil  /  to  the  beginning  of 
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coil  2.  and  the  end  of  coil  2  to  the  beginning  of  coil  3, 
etc.,  until  eight  coils  are  in  series.  The  beginning  of 
coil  I  is  then  bent  outward  and  left  long  and  the  end  of 
coil  8  is  bent  inward  and  left  long.  Between  these  two 
are  seven  short  "stubs"  or  coil-to-coil  connections,  which 
are  shown  taped  up  in  Fig.  2.    The  winder  then  proceeds 


riG.   4 — 32  COILS   CONNECrED  INTO  EIGHT  POLE-PHASE  GROUPS   FOR  A 

TWO-PHASE   WINDING 
riG.    5— SAME    AS     FIG.     4,     WITH     POLE-PHASE    GROUPS     CONNECTED 

ACCORDING  TO  DIRECTION  OF  ARROWS 
FIG.   6 — SAME  AS  FIG.  5,  WITH   B  PHASE  REVERSED 
FIG.   7 — 48    COILS    CONNECTED    INTO    12    POLE-PHASE    GROUPS    FOR    A 

THREE-PHASE  WINDING 
FIR,   8— SAME    AS     FIG.     7,     WITH     POLE-PHASE    GROUPS     CONNECTED 

ACCORDING  TO  DIRECTION  OF  ARROWS 

PIG.   9— SAME    AS    FIG.    8,    EXCEPT    LEADS    ARE    BROUGHT    OUT    FROM 

DIFFERENT   GROUPS 

to  connect  coils  p  to  i6  in  series  in  the  same  manner  to 
form  pole-phase  group  No.  2,  and  so  on  around  the  ma- 
chine until  he  has  completed  12  pole  phase  groups  and 
used  all  the  coils,  and  the  winding  looks  as  shown  in 
Fig.  2. 

In  case  the  winding  has  certain  coils  provided  with 
heavier  insulation  on  the  end  turns  to  take  the  strain  of 
the  full  voltage  of  the  machine  where  different  phases 
are  adjacent,  the  operation  is  slightly  different.  In  this 
case  the  number  of  coils  j)er  pole-phase  group  must  be 
determined  before  the  windings  are  inserted  in  the  slots, 
and  the  specially  insulated  "phase  coils"  placed  on  both 
ends  of  each  group.  In  this  case  the  location  of  the 
pole  phase  groups  is  definitely  determined  by  the 
winder  before  he  starts  connecting  the  coils  together. 

The  next  step  is  to  mark  the  pole-phase  groups 
A-B-L  -A-B-C,  etc.,  around  the  machine  and  then  to  con- 
nect all  the  groups  together  in  the  proper  manner  to 
form  a  three-phase  winding  by  means  of  a  diagram  of 
the  same  form  as  those  shown  herewith,  except  made  for 
four  poles  instead  of  two.  The  completed  winding  will 
then  appear  as  shown  in  Fig.  3. 

While  it  is  intended  to  reproduce  here  only  the  stand- 
ard diagrams  over  a  wide  range  of  speeds,  it  is  useful 
to  review  the  general  theory  of  their  construction  and 
the  simple  methods  by  which  any  winding  may  be 
checked  for  phase  polarity.  This  is  shown  in  Figs.'  4  to 
9,  inclusive.     In  Fig.  4  a  winding  chosen  at  random  is 


shown  "stubbed"  into  pole-phase  groups  for  a  two-phase 
connection,  and  in  Fig.  7  stubbed  for  a  three-phase  con- 
nection. To  determine  the  proper  connections  for  the 
{X)le-phase  groups  in  a  two-phase  winding,  the  rule  is  to 
mark  on  the  groups  arrows  alternating  in  direction  in 
pairs,  i.  e.,  on  two  successive  groups  the  arrows  are  clock- 
wise and  on  the  two  immediately  adjacent  the  arrows 
are  counter-clockwise.  Such  arrows,  for  example,  are 
shown  in  Fig.  4  just  above  the  windings.  If  now  one 
end  of  any  group  in  a  phase  is  chosen  as  a  lead  and  all 
the  groups  are  followed  through  and  connected  as  indi- 
cated by  the  arrows,  the  connection  will  be  correct.  Such 
a  connection  is  shown  in  Fig.  5.  However,  suppose  the 
arrows  had  alternated  in  pairs,  but  started  with  a  dif- 
ferent group,  as  shown  just  below  the  windings  in  Fig.  4. 
The  result  is  shown  in  Fig.  6,  which  is  just  as  correct  as 
Fig.  5,  except  that  the  motor  would  run  with  the  oppo- 
site direction  of  rotation.  Since  the  rotation  can  be 
changed  by  reversing  the  two  leads  of  either  phase  out- 
side of  the  motor,  it  is  evident  that  the  rule  using  the 
arrows  alternating  in  pairs  is  correct  in  all  cases.  It 
should  also  be  noted  that  it  makes  no  difference  from 
what  group  the  lead  is  taken,  provided  all  the  groups  are 
followed  throtigh  with  the  arrows. 

In  the  three-phase  machine  it  is  even  simpler.  The 
rule  in  that  case  is  to  ptit  arrows  on  the  groups  alter- 
nating in  direction  from  group  to  group,  as  shown  in 
Fig.  7.  .\ny  group  may  then  be  chosen  as  a  "lead" 
group  or  a  "star"  group  so  long  as  the  arrows  are  fol- 
lowed in  passing  from  the  lead  to  the  star  in  each  phase. 
I'ig.  8  shows  one  arrangement  and  Fig.  9  another  equally 
correct,  and  there  might  be  an  indefinite  number  more, 
simply  by  choosing  the  lead  from  another  group  and 
following  the  arrows  through  to  the  star  in  each  phase. 
Although  shown  for  a  developed  four-pole  winding  only, 
these  diagrams  may  be  considered  as  strictly  general,  as 
additional  groups  may  be  added  to  make  six,  eight,  or 
any  other  number  of  poles,  and  the  current  passed 
through  them  in  any  order,  so  long  as  the  phases  are  kept 
in  the  correct  rotation,  and  the  current  in  the  right  direc- 
tion, as  indicated  by  the  arrows. 

In  case  a  delta  connection  is  wanted  instead  of  a 
star,  check  the  connections  throusrh  as   for  a  star  and 


FIG.    10 — .METHOD  OF  CHECKING   A   DELTA    WINDING 

then  connect  the  A  star  to  the  B  lead,  the  B  star  to  the 
C  lead,  and  the  C  star  to  the  A  lead,  as  shown  in  Fig.  10; 
or  connect  the  A  lead  to  the  B  neutral,  the  B  lead  to 
the  C  neutral,  and  the  C  lead  to  the  A  neutral.  The 
three  new  leads  will  be  taken  from  the  corners  of  the 
delta  so  formed. 
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Bi      Ai      B,       A 


I-IG.   II — TWO-PHASE,  SERIES  GROUPING 
A=      B,      B,      A, 


FIG.    14 — THREE-PHASE,  TWO-PARALI,EI.,   STAR  GROUPING 
CAB 


FIG.   12 — TWO-PHASE,  TWO-PARALLEL  GROUPING 


FIG.     15 — THREE-PHASE,    SERIES,    DELTA    GROUPING 


FIG.    13 — THREE-PHASE,    SERIES,    STAR    GROUPING 


FIG.    16 — THREE-PHASE,   TWO-PARALLEL,    DELTA    GROUPING 


TWO-POLE   CONNECTION   DIAGRAMS 
The  above  diagrams  represent  all  usual  connections  for  a  two-pole,  lap  winding 


Direct" Current  ?/]agneiic  Contactor  Controllers 

H.  D.  James 

THIS  article  deals  with  the  usual  forms  of  reversing  and  non-reversing  controllers,  made  up  of  magnetic  con- 
tactors. The  author  shows  that  a  large  number  of  combinations  can  be  made  up  from  a  few  units.  The  word 
"controller"  is  used  in  its  broad  sense  and  includes  automatic  starters.  The  term  "starter"  is  usually  applied 
to  a  controller  which  has  only  one  running  position  corresponding  to  the  full  speed  of  the  motor. 


MAGNETIC  contactor  controllers  may  be  divided 
broadly  into  non-reversing  and  reversing  con- 
trollers. Where  several  contactors  are  used  for 
short-circuiting  sections  of  the  resistor  in  the  armature 
circuit,  the  connections  to  the  operating  coils  of  these 
contactors  can  be  made  in  succession  by  means  of  a 
drum-type  master  switch.  The  motor  can  in  this  case 
be  operated  with  more  or  less  armature  resistance,  de- 
pending upon  the  number  of  contactors  whose  circuits 
are  ^closed  through  the  master  switch.  The  number  of 
resistance  steps  can  be  altered  to  suit  the  application. 
The  writer  believes  that  one  step  of  resistance  is  suf- 
ficient for  starting  direct-current  motors  up  to  15  horse- 
power, 230  volts,  where  the  starting  duty  is  light,  and 
that  two  steps  may  be  used  for  heavy  starting.  If  it  is 
desirable  to  regulate  the  speed  of  the  motor,  additional 
steps  should  be  provided.  The  acceleration  of  the  motor 
quite  frequently  is  automatic,  even  when  several  running 
points  are  provided. 

NON-REVERSING    CONTROLLERS 

Non-reversing  controllers  are  usually  connected  on 
one  side  of  the  motor  circuit  only  and  consist  of  a  line 
contactor,  a  resistor  and  one  or  more  contactors  for 
short-circuiting  the  resistor.  A  two-pole  knife  switch 
is  usually  supplied  with  this  type  of  controller,  the  knife 
switch  being  connected  so  that  it  will  disconnect  both 
sides  of  the  motor  and  controller  from  the  line.  The  line 
contactor  may  be  provided  with'  a  bottom  contact  for 
short-circuiting  the  armature  of  the  motor  through  a 
fixed  resistance  to  give  dynamic  braking  when  the  line 
switch  is  opened.  A  diagram  and  an  illustration  of  a 
controller*  arranged  for  dynamic  braking  are  shown  in 
Figs.  I  and  2. 

In  some  cases  it  is  desirable  to  open  both  sides  of  the 
motor  circuit  when  the  controller  is  in  the  off  position. 
This  can  be  done  by  providing  two  line  contactors.  This 
arrangement,  however,  is  not  usually  employed,  as  it 
adds  to  the  expense,  and  opening  the  knife  switch  by 
hand  accomplishes  the  same  result.  The  line  switch  is 
needed  so  that  the  contactors  can  be  disconnected  from 
the  line  to  renew  the  contacts  or  make  adjustments. 

REVERSING    CONTROLLERS 

In  order  to  reverse  the  armature  of  a  direct-current 
motor  it  is  necessary  to   disconnect  toth  sides  of   the 


armature  from  the  line.  This  necessitates  the  use  of 
four  single-pole  contactors  or  two  double-pole  con- 
tactors, two  contacts  being  closed  for  either  direction  of 
operation.  It  is  the  usual  practice  to  arrange  either  a 
mechanical  or  an  electrical  interlock  between  these  con- 
tactors, so  that  the  forward  and  reverse  contactors  can- 
not both  be  closed  at  the  same  time,  as  this  would  result 
^  in    a   short  -  circuit    and 

might  injure  the  appar- 
atus. The  resistor  in 
series  with  the  armature  is 
short-circuited  in  steps  by 
magnetic  contactors  in  the 
same  manner  as  for  non- 
reversing  controllers.  Fre- 
quently the  resistor  is  con- 
nected directly  to  one  side 
of  the  motor,  so  that  the 
line  contactors  in  their  off 
position  disconnect  the 
armature  entirely  from  the 
line,  as  shown  in  Fig.  3. 
Since  both  sides  of  the 
motor  circuit  are  opened 
by  contactors,  the  shunt 
field  cannot  be  connected 
so  it  will  discharge 
through  the  armature  of 
the  motor.'  It  is  there- 
fore good  ])ractice  to  pro- 
vide the  shunt  field  with  a 
])arallel  resistance  to  take 
up  the  inductive  discharge 
when  the  field  circuit  is 
opened.  If  this  resistance  is  omitted,  a  high  voltage  is 
generated  in  the  field  windings,  which  niav  ultimately 
result  in  puncturing  the  insulation. 

The  reversing  controller  can  be  arranged  for  dynamic 
braking  by  providing  a  bottom  contact  on  one  of  the  for- 
ward and  one  of  the  reverse  direction  switches,  so  con- 
nected that  when  both  of  these  switches  are  open  the 
armature  will  be  short-circuited  through  a  resistor,  as 
shown  in  Fig.  4. 

EIELll    Kin:0ST.\TS 

Where  a  controller  is  used  with  an  adjustable  speed 
motor,  a  field  rheostat  is  used  for  changing  the  resist- 


FIG.     I — TYPICAL     Sl.Nl.l.K-ruI.i:. 

NON-REVERSING.  .\UT0M.\TIC 

M.AGNETIC  CONTROLLER 

Arranged  for  dynamic  braking. 


*In  the  February,  1917,  issue  of  the  Journ.al,  p.  58,  Figs. 
10  and  12  show  a  non-reversing  controller  without  dynamic 
brake. 


tAs  explained  in  the  February,  1917,  issue  of  the  Journal, 
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ance  of  the  field  circuit  to  adjust  the  speed  of  the  motor. 
This  field  rheostat  may  be  mounted  on  the  controller 
panel  or  separate  from  it.  It  is  considered  better  prac- 
tice to  mount  this  rheostat  separate  from  the  control 
panel,  so  that  the  operator  will  not  be  required  to  place 
his  hand  close  to  the  magnetic  contactors  when  they  are 
in  operation.  The  separately  mounted  field  rheostat  can 
be  covered  to  prevent  the  operator  from  coming  in  con- 
tact with  any  live  parts.  Usually  the  contactor  panel  is 
quite  large  and  must  be  mounted  in  a  more  or  less  inac- 
cessible place.  The  field  rheostat,  however,  is  small  and 
can  be  located  close  to  the  master  switch.  Sometimes  the 
master  switch  and  field  rheostat  are  combined  in  one 
unit. 

To  sum  up : — A  controller  is  made  u^i  of  a  niagnetic 
contactor  panel,  either  reversing  or  non-reversing,  with 
or  without  dynamic  brake.  Some  form  of  master  switch 
is  provided  to  operate  the  controller,  and  a  field  rheostat 
may  be  added.  This  gives  the  essential  elements  for  the 
control  of  an  electric  motor. 


— uinnnmul ^^^^^)^ 


MASTER   SWITCHES 

The  master  switch  is 
an  auxiliary  switch  which 
serves  to  govern  the  oper- 
ation of  contactors  and 
auxiliary  devices  of  elec- 
tric controllers.  It  usually 
takes  the  form  of  a  push- 
button, float  switch,  pres- 
sure switch,  thermostat  or 
drum  switch.  Other  forms, 
of  course,  are  in  use,  and 
any  device  which  opens 
and  closes  the  circuit  may 
be  used  as  a  master  switch. 

The  pushbutton  switch 
is  the  most  common  and  is 
perhaps  used  more  than  all 
of  the  other  types  com- 
bined. An  ordinary  start 
and  stop  pushbutton  is 
shown  in  Fig.  5.  ^lore 
elaborate  combinations  of 
pushbuttons  are  used  for 
printing  presses,  electric 
elevators,  and  other  appli- 
cations where  a  compli- 
cated sequence  of  opera- 
tion is  required. 

A  float  switch  is  shown  in  Fig.  8  and  a  pressure 
switch  in  Fig.  7.  These  switches  are  used  in  connection 
with  pumps  and  similar  installations.  The  float  switch, 
as  its  name  implies,  consists  of  a  hollow  metal  box  used 
as  a  float,  which  opens  and  closes  the  master  switch  for 
different  levels  of  the  liquid  in  which  it  is  placed.  The 
pressure  switch  has  a  diaphragm  which  opens  the  con- 
tacts at  the  maximum  pressure  and  closes  them  for  the 
minimum  pressure  for  which  it  is  adjusted.     Various 


forms  of  thermostats  are  used  in  connection  with  refrig- 
erating machinery  for  starting  and  stopping  the  motor- 
driven  machinery  at  different  temperatures. 

A  drum-type  master  switch  is  shown  in  Fig.  6.  This 
is  usually  in  the  form  of  a  small  drum  controller  and 
may  be  operated  by  the  rotation  of  a  handle  or  with  a 
forward  and  back  motion  of  a  lever.  Under  this  class 
should  be  included  also  switches  in  which  the  contacts 
are  arranged  on  a  faceplate  instead  of  a  drum,  and 
where  the  contacts  are  operated  by  cams.  The  drum 
type  of  master  switch  is  usually  applied  where  the  se- 
quence of  operation  is  more  or  less  complicated ;  also 
where  frequent  operation  is  required. 

Most  master  switches  may  be  connected  to  either  re- 
versing or  non-reversing  controllers. /I  There  are  two 
general  methods  employed,  one  of  which  is  known  as 
low-voltage  release  and  the  other  as  low-voltage  protec- 
tion. The  Electric  Power  Club  defines  these  two  methods 
of  voltage  protection,  as  follows : — 

Low-Voltage  Release — The  effect  of  a  device  operative  on 
<-^„™t  p.„,i  n.,.,  %r,„)  the    reduction    or    failure    of 
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FIG.   2 — DIAGR.\M    OF   PANEL   SHOWN    IN    FIG.    I 

Pushing  the  start  button  results  in  closing  line  switch  /, 
which  closes  the  mechanical  interlock  contacts  and  opens  the 
bottom  contacts  at  lA.  The  motor  then  starts,  with  the  starting 
resistance  in  series.  Switch  ^  simultaneously  short-circuits  the 
field  rheostat,  ensuring  full  field  as  long  as  the  starting  resist- 
ance is  in  series  with  the  armature.  When  the  counter  e.m.f. 
of  the  accelerating  armature  reaches  a  predetermined  value, 
switch  2  closes  and  shunts  the  starting  resistance  out  of  the 
circuit.  Short-circuiting  this  starting  resistance  causes  switch  j 
to  open,  so  that  field  control  is  possible  by  the  use  of  the  field 
rheostat,  after  the  motor  comes  up  to  speed.  The  dynamic 
braking  resistance  is  connected  across  the  armature  terminals 
whenever  switch  /  is  open.  Series  operating  coils  on  lA  pre 
vent  the  motor  from  being  started  while  the  heavy  dynamic 
braking  circuit  is  flowing,  and  also  ensure  good  contact  pressure. 


voltage,  to  cause  the  interrup- 
tion of  power  to  the  main  cir- 
cuit, but  not  preventing  the 
re-establishment  of  the  main 
circuit  on  return  of  voltage. 

Low-Voltage  Protection  — 
The  effect  of  a  device  opera- 
tive on  the  reduction  or  fail- 
ure of  voltage  to  cause  and 
maintain  the  interruption  of 
power  to  the  main  circuit. 

The  reason  for  making 
the  above  distinction  is 
largely  a  matter  of  safety. 
If  the  motor  drives  a 
woodworking  machine,  for 
instance,  the  machine 
might  be  at  rest  due  to  the 
absence  of  line  voltage. 
Under  these  circum- 
stances, the  operator  might 
be  engaged  in  adjusting 
the  machinery,  or  for  some 
other  reason  have  his 
hands  close  to  the  cutting 
tools.  If  the  line  voltage 
is  restored  at  such  a  time, 
the  operator  might  easily 
be  injured.  This  applies 
to  a  variety  of  machinery.  Gears  are  a  source  of  danger 
from  this  cause.  These  gears  are  usually  protected  under 
operating  conditions,  but  this  protection  might  be  re- 
moved when  the  machine  is  at  rest.  In  order  to  guard 
against  accident  from  this  cause,  the  master  switch  is  con- 
nected to  the  controller  so  as  to  afford  low-voltage  protec- 
tion. This  requires  the  operator  to  perform  a  manual 
operation  on  the  master  switch  in  order  to  start  the  motor 
after  it  has  once  come  to  rest,  due  to  a  failure  of  voltage. 


196 


THE    ELECTRIC   JOURNAL 


S.F.~^MR.v«« 

2000 

3           000 

4000 

S  0  0  0    000 

6    0        0 

7  0             0 

Where  the  motor  operates  a  fan  or  pump,  it  is  very     therefore  it  is  desirable  to  have  a  time  element  in  the 
desirable  to  have  the  apparatus  start  automatically  after     overload  device.    This  occurs  to  a  limited  extent  when  a 
CONNECTIONS  staudard  enclosed  fuse  is  used. 

Another  common  form  of  overload  protection 
is  a  series  relay  which  opens  a  contact  by  means  of 
a  magnet  when  the  current  exceeds  a  certain  value. 
These  relays  are  often  furnished  without  a  dash- 
pot,  and  therefore  their  action  is  instantaneous.  It 
is  much  better  practice  to  use  a  dashpot  to  obtain 
a  time  element,  so  that  the  relay  can  be  given  a  set- 
ting more  nearly  equal  to  the  full-load  current  of 
the  motor.  Where  a  magnetic  contactor  is  used  on 
only  one  side  of  the  line,  a  single-pole  relay  may  be 
used  with  this  contactor,  but  it  is  necessary  to  use  a 
fuse  on  the  other  side  of  the  line.  The  advantage 
of  a  relay  is  that  it  can  be  restored  to  its  normal 
position  very  easily.  The  fuse,  however,  must  be 
replaced  by  a  new  one.  If  a  combined  relay  and 
fuse  is  used,  it  is  usual  to  select  a  fuse  with  a 
higher  rating  than  the  setting  of  the  relay,  so  that 
under  ordinary  conditions  of  overload  the  relay 
will  operate  and  save  the  fuse. 

It  takes  some  time  to  raise  the  temperature  of  a 
motor  to  a  dangerous  point  when  it  is  overloaded. 
If  this  overload  is  within  the  commutating  limits  of 
a  motor,  the  additional  load  will  not  injure  the 
motor  until  the  temperature  has  been  raised  to  the 
danger  point.  This  usually  takes  from  five  min- 
utes up  to  a  half-hour  or  more,  depending  upon 


FIG.  3 — DOUBLE-POLE,  REVERSING,  .■\UTOM.\IIC    MAGNETIC   COXTROLLER 

The  master  controller  makes  contact  between  o  and  .v  in  the  off 
position ;  between  0  and  4  in  the  forward  position ;  and  between  o  and 
J  in  the  reverse  position.  Switch  S  provides  overload  and  low-voltage 
protection.  Its  operating  coil  is  connected  directly  across  xy  through 
the  master  controller  in  the  off  position,  and  across  xy  through  the 
overload  relay  in  the  running  positions.  This  means  that  in  case  the 
motor  is  stopped  for  any  reason,  it  is  impossible  for  it  to  be  restarted 
until  the  master  controller  has  been  turned  to  the  off  position. 
Switches  6  and  7  are  of  the  magnetic  lockout  type,  and  cannot  close 
until  after  the  current  flowing  on  their  control  coils  drops  below  a 
predetermined  value. 

a  failure  of  voltage.  In  such  cases  there  is 
little  or  no  danger  due  to  the  automatic  start- 
ing of  the  motor,  and  a  great  deal  of  incon- 
venience and  possible  danger  might  result 
from  the  failure  of  the  motor  to  start  when 
the  voltage  is  restored  to  the  line.  The  master 
switch  under  such  conditions  is  connected  to 
give  low-voltage  release.  This  arrangement 
automatically  starts  the  motor  again  when  the 
line  voltage  is  restored* 

0VERL0.\D    PROTECTION 

It  is  usually  necessary  to  provide  some 
form  of  overload  protection  in  connection 
with  the  controller.  The  most  common  form 
of  protection  is  the  fuse,  usually  of  the  car- 
tridge type.  These  fuses  have  a  short  time 
element  and  therefore  are  well  adapted  for 
control  apparatus.  In  starting  a  motor  or 
during  its  operation,  heavy  currents  may  be 
taken  hv  the  mntnr  fnr  a  fpw  QPrnnHc  T^psp  Switches  /  and  3,  as  well  as  2  and  4,  are  mechanically  connected  and  con- 
taken  by  the  motor  tor  a  tew  seconds.  Ihese  j^^„^^  ^^  ^^^  ^^^^  operating  coil,  thus  forming  a  double-pole  contactor, 
do  not   injure  the   motor   or   controller,   and     Dynamic  braking  is  accomplished,  as  in  Fig.  2,  by  bottom  contacts//!  and.?/!. 

the  size  of  the  motor  and  the  amount  of  overload.    If  the 
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4_P0UBLE-P0LE,    REVERSING    AUT0M.\TIC    M.VGNETIC    CONTROLLER,    ARR.\NGED 
FOR  DVN.^MIC  BRAKING  FROM   EITHER  DIRECTION   OF  ROTATION 


*Fig.  12  in  the  February,  1917.  issue,  p.  58,  shows  a  push- 
button master  switch  connected  to  a  controller  to  afford  low- 
voltage  protection.  If  a  float-type  master  switch  were  con- 
nected between  the  terminals  i  and  — ,  this  same  controller 
would  give  low-voltage  release.  By  providing  three  terminals 
for  the  master  switch  of  such  a  controller,  it  can  be  connected 
for  either  low-voltage  release  or  protection.  Many  standard 
diagrams  show  both  methods  of  connection. 


overload  is  continued  indefinitely  it  will  injure  the 
motor,  but  short  periods  of  operation  are  permissible. 
The  result  has  been  that  operators  set  the  overload  pro- 
tection high  enough  to  take  care  of  the  short-time  peak 
loads.    Therefore,  the  motor  is  without  any  real  protec- 
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tion  against  continuous  overloads.  Very  few  fuses, 
overload  relays,  circuit  breakers  or  similar  apparatus 
give  complete  protection  to  industrial  motors.  They 
operate  in  case  of  short-circuits  or  abnormal  overloads, 
but  usually  they  are  set  too  high  to  open  on  a  small  over- 
load, which  may  be  sufficient  to 
injure  the  motor  if  continued  for  a 
long  time.  There  is,  therefore, 
opportunity  for  developing  time- 
element  overload  devices  which 
will  have  time  elements  of  five  to 

Ui^^^  ^m  thirty  minutes  instead  of  five  to 
SjJJF  ^H  thirty  seconds,  as  is  the  case  with 
'  IZj  9  most  of  the  existing  apparatus. 
The  longer  the  time  element  can  be 
made,  the  more  desirable  it  is  for 
the  operation  of  motors. 
It  is  often  stated  that  an  overload  relay  having  a 
long-time  element  will  not  operate  quickly  enough  in 
case  of  a  short-circuit  or  a  ground  to  protect  the  motor. 
Standard  practice,  however,  requires  the  use  of  fuses  or 
a  circuit  breaker  at  the  point  where  the  motor  circuit 
leaves  the  main  power  wires.  The  fuses  or  circuit 
breaker  at  this  point  must  be  set  to  protect  the  wires 
leading  to  the  motor.  If  these  wires  are  made  a  little 
larger  than  for  the  full-load  capacity  of  the  motor,  the 
circuit  breaker  at  this  branch  point  may  be  set  so  that  it 
will  not  operate  on  normal  overloads  of  the  motor,  but 
will  protect  the  motor  under  abnormal  conditions,  and 
also  afiford  protection  to  the  wires  leading  to  the  con- 
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Fir,.   6— SIX-POINT  DRUM-T\PE   M\MIR  LOMKOU.ER 

troller.  The  ideal  protection,  therefore,  is  a  branch  pro- 
tection against  overload  and  short-circuit  and  a  time- 
element  overload  device  on  the  controller  to  protect  the 
motor  against  continuous  overload,  but  which  will  per- 
mit overloads  for  short  periods  of  time. 


Overload  relays  are  commonly  made  U])  in  three 
forms : — • 

/ — To  allow  the  armature  to  return  to  the  open  position 
immediately  after  the  overload  has  been  removed.  The  function 
of  such  a  relay  is  to  open  the  line  contactor.  Connections  are 
made  so  that  the  contactor  will  be  retained  in  the  open  position 
until  the  master  switch  is  manipulated. 

3 — The  overload  relay  is  provided  with  a  catch  which  holds 
the  armature  in  the  closed  position  and  requires  the  energizing 
of  a  separate  magnet  to  release  the  catch  and  restore  the  relay 
to  its  normal  condition. 

J — This  is  the  same  as  .?,  except  that  the  catch  is  released 
by  hand  instead  of  by  a  magnet.  This  is  objectionable  because 
the  operator  must  place  his  hand  on  the  device,  which  is  in  the 
neighborhood  of  live  parts. 


FIG.  7  FIG.  S 

FIG.    7 — DIAPHRAGM    PRESSURE   REGUL.'VTOR 
FIG.    8 — KNCI.OSKD-TVPE   FLOAT   SWITCH 

Arrangement  /  is  the  more  common  and  is  usually 
preferred,  owing  to  its  simplicity  and  cheapness.  Ar- 
rangement -'  is  usually  connected  to  the  master  switch, 
so  that  the  relay  is  reset  by  moving  the  master  switch  to 
the  center  or  off  position. 

.APPLICATIONS 

The  magnetic  contactor  controllers  described  above 
are  those  having  the  most  general  application.  A  few 
of  the  typical  applications  are  for  motors  driving  line 
shafting,  pumps,  machine  tools,  woodworking  machinery 
and,  in  fact,  any  apparatus  that  is  motor  driven  and 
does  not  require  a  special  arrangement  of  circuits. 


Spiii  'Pirns©  Motor  Starting 
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As  SINGLE-PHASE  motors  are  now  being  manu- 
factured by  the  hundred  thousand,  and  are 
giving  satisfaction  in  millions  of  store,  home  and 
office  applications,  it  is  difficult  to  realize  that  not  many 
years  ago  they  were  considered  an  engineering  curiosity, 
and  that  even  after  coming  into  practical  use  they  were 
uncertain  in  action  and  not  entirely  relia:ble.  The  early 
difficulties  with  this  type  of  motor  were  caused  largely 
by  the  starting  switch.  For  a  long  time  this  was  the 
weakest  part  of  the  motor,  but  under  recent  development 
it  has  grown  to  be  so  sturdy  and  rugged  that  it  will  out- 
last many  other  parts  of  the  machine.  It  is  safe  to  say 
that  the  greatest  development  of  the  split-phase  type  of 
motor  has  been  the  centrifugally-operated  switch. 

To  understand  why  this  type  of  motor  is  called 
"split-phase"  and  why  a  switch  is  necessary,  its  early 
development  must  be  understood.  It  was  the  ingenious 
mind  of  Mr.  Nikola  Tesla  that  conceived  the  ideas  lead- 
ing to  the  experiments  which  resulted  in  the  first  suc- 
cessful induction  motor.  This  first  alternating-current 
motor  was  a  two-phase  machine,  which  was  built  after 
he  discovered  that  the  proper  arrangement  of  windings 
upon  the  stator  for  each  of  the  two  phases  resulted  in  a 
whirling  flux.  Any  conductors  in  this  whirling  field  are 
dragged  around  very  much  like  a  lot  of  leaves  in  a  whirl- 
wind. This  principal  of  a  revolving  magnetic  field  is  the 
basis  for  the  operation  of  all  induction  motors.  It  is  nec- 
essary to  have  two  sources  of  magnetizing  current  having 
a  dift'erence  in  phase  in  order  to  produce  this  rotating 
field,  Therefore,  it  was  with  considerable  surprise 
that  Mr.  Tesla  accidentally  discovered  that  his  two- 
phase  motor  would  continue  to  run  if  one  phase  were 
disconnected,  after  it  had  reached  full  speed.  In  other 
words,  he  accidentally  obtained  the  first  single-phase 
motor.  Although  it  was  not  clear  at  the  time  just  why 
the  motor  ran,  later  it  was  discovered  that  the  magnetic 
reaction  of  the  rotating  parts  furnished  the  second  mag- 
netizing current  which  produced  the  rotating  field.  This 
second  component  of  the  magnetizing  field  is  absent 
when  the  rotor  is  not  moving;  an  oscillating  instead  of  a 
rotating  effect  is  then  the  only  result.  Obviously,  this 
gives  zero  starting  torque,  and  therefore  the  next  prob- 
lem was  the  development  of  some  means  of  starting  this 
newly-discovered  single-phase  motor. 

The  most  obvious  method  of  starting  the  machine 
was  to  employ  some  external  device  which  would  give 
two-phase  characteristics  to. a  single-phase  power  cir- 
cuit. This  actually  was  done  by  means  of  a  device  called 
a  phase-splitter,  which,  as  shown  in  Fig.  i,  consisted  of 
two  independent  circuits  connected  to  the  same  single- 
phase  line,  one  of   which  contained   a  condenser,   and 


hence  had  a  leading  power-factor,  while  the  other  in- 
cluded an  inductance  coil  and  had  a  lagging  power- 
factor.  These  two  circuits,  when  connected  to  the  two 
windings  of  a  two-phase  induction  motor,  gave  approxi- 
mately the  same  efifect  as  a  two-phase  current,  and  would 
start  the  machine  with  somewhat  reduced  torque.  After 
the  motor  was  up  to  speed,  one  motor  winding  was  dis- 
connected and  the  phase-splitting  device  was  cut  out 
of  the  circuit. 

This  system  worked  satisfactorily,  but  was  never 
tried  out  on  a  large  scale  commercially,  because  the 
phase-splitter  was  large  and  expensive,  required  hand 
operation,  and  did  not  give  very  large  starting  torque. 
The  installation  of  the  phase-splitting  device  in  the  motor 
itself  was  the  next  step.  Engineering  development 
finally  produced  the  present  design,  in  which  two  wind- 
ings are  still  employed,  with  the  same  mechanical  rela- 
tions to  each  other  that  are  used  in  two-phase  motors, 


FIG.    I — TKSI,.-\'S  ORIGINAL  SPLIT-PHASE   MOTOR 

With  separate  phase  splitter, 
but  having  quite  different  electrical  characteristics.  The 
one  winding  has  a  low  resistance  and  a  high  reactance, 
while  the  other  has  a  high  resistance  and  a  low  react- 
ance. The  result  is  that  the  power-factor  is  much  closer 
to  unity  in  one  winding  than  in  the  other,  and  the  phase 
displacement  is  sufficient  to  give  the  required  whirling 
magnetic  effect,  resulting  in  a  starting  torque.  The  high- 
resistance  winding,  called  the  starting  winding,  if  al- 
lowed to  remain  in  the  circuit,  will  generate  enough  heat 
to  destroy  the  insulation.  This  heat  is  the  direct  result 
of  the  high  resistance,  but  if  the  resistance  is  lowered, 
the  starting  torque  is  profKDrtionately  decreased,  and  at 
best  is  only  equal  to  about  full-load  torque.  The  neces- 
sity for  removing  this  starting  winding  from  the  circuit 
as  soon  as  possible  is  inherently  unavoidable  in  the  de- 
sign of  this  type  of  motor.  Since  the  point  at  which  this 
winding  should  be  disconnected  corresponds  with  a  defi- 
nite point  in  the  speed-torque  curve,  the  obvious  way  of 
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producing  the  desired  effect  would  be  by  a  centrifugally- 
operated  switch,  which  is  the  scheme  that  was  adopted 
and  has  been  developed  to  a  very  high  state  of  per- 
fection. 

One  of  the  earliest  and  simplest  types  of  switches  for 
this  purpose  is  shown  in  Fig.  2.  The  stationary  element 
consists  of  two  concentric  rings 
insulated  from  each  other,  and 
connected  across  a  gap  in  the 
starting  winding  circuit.  At 
slow  speed,  two  fingers  on 
the   rotor  are  held   against   the 


FIG.  2 — AN  EARLY  FORM  OF 
STARTING  SWITCH 


riC.  3— ONE  OF  THE  LATEST  TYPES 
OF  STARTING  SWITCH 


rings  by  springs,  which  close  the  starting  winding  cir- 
cuit. When  a  certain  speed  is  reached,  the  fingers  are 
thrown  out  by  centrifugal  force  and  remain  in  that  posi- 
tion while  the  motor  is  operating,  thus  disconnecting  the 
starting  winding  circuit.  Any  switch  of  this  sort  is  not 
very  quick  in  operation,  draws  a  small  arc  when  the  con- 
tacts open,  and  eventually  the  rings  becoiue  rough  so  that 
the  fingers  Ijounce  around  them  instead  of  running 
smoothly.  This  results  in  imperfect  contact  and  poor 
starting  conditions,  except  on  extremely  small  sizes  of 
motors,  where  the  power  carried  is  so  slight  that  the  heat 
of  the  arc  is  not  enough  to  destroy  the  metal. 


FIG.  4 — ST.\TIONARY  P.\RT  OF  ST-\RTING  SWITCH 
SHOWN    IN    FIG.   3 

Mounted  on  end  bracket. 

As  the  result  of  a  careful  study  of  the  conditions 
necessary,  and  by  applying  the  methods  used  in  the  de- 
sign of  large  power  contactors,  a  type  of  switch  has  been 
developed  from  which  it  is  believed  all  the  defects  of  the 
earlier  switches  have  been  eliminated.    This  switch  con- 


sists primarily  of  two  parts,  as  shown  in  Fig.  3.  The 
stationary  part  upon  the  bracket  is  the  circuit-closing 
device  and  carries  all  the  electrical  contacts,  while  the 
part  attached  to  the  shaft  consists  merely  of  three  cen- 
trifugal weights,  which  fly  out  at  the  proper  speed  and 
operate  the  switch,  having  nothing  whatever  to  do  with 
the  electrical  circuits.  The  stationary  part  has  a  sliding 
member  E,  which  carries  two  copper  block  contacts 
mounted  upon  a  phosphor-bronze  spring  insulated  from 
the  rest  of  the  switch.  By  sliding  the  member  E  up  or 
down,  these  contacts  are  pressed  against  or  moved  away 
from  the  copper  blocks  upon  the  bottom  of  the  switch, 
which  are  insulated  from  each  other,  and  also  from  the 
balance  of  the  switch.  These  two  bottom  contacts  rep- 
resent a  break  in  the  starting-winding  circuit.  At  stand- 
still the  sliding  part  of  the  switch  closes  this  circuit 
through  the  phosphor-bronze  spring,  but  when  the  motor 
picks  up  to  speed  the  sliding  member  is  thrown  up  and 
the  circuit  opened.  This  occurs  with  a  quick  break  be- 
tween heavy  copper  contacts,  and  each  time  it  closes 
there  is  a  wiping  action  upon  the  contacts,  all  of  which 
tends  to  increase  their  life. 

The  motion  is  given  to  the  sliding  member  £  by  the 
centrifugal  weights,  which  run  between  two  projecting 
tips    immediately    above    and   below    the    point    of    the 


FIG.   S — CENTRIFUGALLV-OPEKATEIi    P.U:T    OF    STARTING   SWITCH 
SHOWN    IN   FIG.   3 

Mounted  on  rotor  shaft. 

arrow  at  E.  By  means  of  two  steel  springs  near  the 
upper  part  of  the  switch,  the  sliding  punching  is  held  in 
either  of  its  extreme  positions  and  is  also  given  a  cer- 
tain amount  of  over-travel,  so  that  when  pushed  in  one 
direction  through  about  half  its  travel  it  will  jump  the 
rest  of  the  way  itself.  When  the  proper  speed  is  reached, 
the  centrifugal  weights  expand  rapidly  by  centrifugal 
force  and  strike  the  upper  lip  and  throw  the  switch  into 
the  open  position.  After  the  weights  have  carried  the 
lip  through  most  of  its  travel  it  jumps  clear,  so  that 
while  running  there  is  no  contact  between  the  weights 
and  the  stationary  part  of  the  switch.  When  the  motor 
slows  down,  the  springs  pull  the  weights  together  and 
they  then  strike  the  lower  lip,  throwing  the  switch  into 
the  closed  position,  where  the  over-travel  again  moves 
the  lips  out  of  contact  with  the  ring.  Thus  the  only 
time  the  rotating  part  is  touching  the  stationary  part  is 
at  the  instant  of  transition.  The  arrangement  of  springs 
and  weights  upon  the  rotating  part  makes  the  action 
very  rapid,  and  this,  in  connection  with  the  spring 
action  in  the  stationary  part,  insures  a  quick  breaking 
with  minimum  arcing. 
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The  chief  features  of  the  switch  shown  in  Figs.  3,  4, 
5  and  6  are  : — 

I — No  electrical  contacts  between  moving  and  stationary 
parts. 

.' — Mechanical  contacts  between  moving  and  stationary  parts 
during  the  instant  of  transition  only. 

S — Quick  break  in  opening  starting-winding  circuit. 

4 — Wiping  contacts  of  large  area  and  ample  cross-section. 

5 — Long  life  insured  by  rugged  construction  and  absence  of 
friction. 

6 — Reliability  insured  by  ample  dimensions,  and  forces  de- 
veloped of  large  amount  compared  to  possible  friction  resist- 
ance. 

7 — Absolute  uniformity  of  parts,  as  switch  is  made  entirelj' 
of  punched  metal. 

This  switch  has  successfully  withstood  the  severest 
kind  of  laboratory  and  service  tests.  For  example,  a 
switch  similar  to  the  one  shown  in  Fig.  4  carried  18 
amperes  and  made  over  one  million  starts,  as  compared 
to  80000  starts  on  6  amperes  on  the  best  previously 
tested  starting  switch.  As  one  million  starts  represents 
over  300  starts  a  day  for  ten  years,  it  is  evident  that 
there  is  an  ample  factor  of  safety,  for  it  is  very  seldom 
that  a  motor  will  be  required  to  start  every  two  or  three 
minutes  all  day  long.  Even  under  such  severe  condi- 
tions the  motor  would  stand  up  for  the  normal  life  of 


any  electrical  machinery.  Thus  within  the  relatively 
short  period  of  little  more  than  ten  years  the  split-phase 
motor,  born  as  a  freak,  has  gradually  grown,  being 
strengthened  and  simplified  by  engineering  progress,  and 


FIG.    6 — WESTINGHOUSE    CENTRIFUpAtLY-OPERATED 
STARTING  SWITCH 

Which  made  over  a  million  starts. 
popularized  by  central  station  growth,  until  today,  due 
almost  entirely  to  the  perfected  centrifugally-operated 
starting  switch,  it  has  won  the  confidence  of  every  one, 
and  proved  its  case  for  reliability. 
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1452  —  Size  of  Exciter  —  Two  self- 
excited  6000  kw  turbo-generators,  No. 
I  and  No.  2,  respectively,  have  the  ex- 
citer armature  coupled  to  the  end  of 
the  generator  spindle  in  each  case. 
The  speed  of  No.  I  machine  is  1500 
r.p.m.,  and  of  No.  2,  1000.  Both  ex- 
citers have  four  poles;  No.  i  is  of  the 
commutating-pole  type  and  is  also 
compensated ;  No.  2  is  only  compen- 
sated. At  about  full  load  on  each  of 
the  machines  and  with  the  exciter 
voltages  about  the  same,  130,  No.  i  ex- 
citer field  current  is  about  two  am- 
peres— the  total  exciter  output  being 
something  between  350  and  400  am- 
peres ;  and  No.  2  exciter  field  about  12 
amperes — the  total  output  being  be- 
tween 250  and  300  amperes.  Please 
explain  why  the  field  current  of  No.  I 
exciter  is  only  one-sixth  that  of  No.  2, 
although  the  total  output  of  the  ex- 
citer is  greater.  Is  this  difference 
solely  due  to  the  50  percent  increase 
of  speed?  Also  please  explain  the  ef- 
fect due  to  the  compensator  winding 
on  a  direct-current  machine,  and  the 
effect  due  to  the  commutating  poles. 

S.  S.  (S.  AFRICA) 

To  a  certain  extent,  the  value  of  the 
exciter  field  current  is  merely  a  question 
of  design.  The  field  current  of  a  given 
machine  can  be  varied  by  changing  the 
amount  of  copper  in  the  shunt  coils ;  the 
current  will  be  large  with  few  turns, 
and  small  with  many  turns.    The  range 


of  choice  in  this  regard  is,  of  course,  re- 
stricted by  space  and  temperature  lim- 
itations. Another  variable  is  the  size  of 
wire.  The  field  current  will  be  low  with 
a  small  size  of  wire  and  high  if  large 
wire  is  used.  The  wire  cannot  be  re- 
duced below  a  certain  size,  for  the  drop 
in  the  shunt  winding  must  be  less  than 
the  terminal  voltage.  The  value  of  the 
field  current  also  depends  upon  the  ex- 
citation required ;  if  exciter  No.  2  needs 
more  m.m.f.  per  pole  than  No.  I,  the 
tendency  would  be  for  its  field  current 
to  be  correspondingly  larger.  Exciter 
No.  2  might  require  more  excitation  on 
account  of  a  larger  air-gap,  a  higher 
flux  density  in  the  gap,  or  more  satura- 
tion in  the  iron  of  the  magnetic  circuit. 
The  difference  in  field  current  cannot  be 
explained  by  that  fact  that  No.  i  exciter 
has  interpoles  and  No.  2  does  not  have 
any.  The  only  consequence  of  this  con- 
dition is  that  the  brushes  of  No.  2  prob- 
ably are  shifted  forward  somewhat, 
vifhich  introduces  a  demagnetizing  effect, 
and  the  shunt  field  current  must  be  some 
larger  to  take  care  of  it.  The  lower 
speed  of  exciter  No.  2  tends  to  result  in 
more  field  current  in  that  machine  for 
the  reason  that  it  permits  higher  flux 
densities  for  the  same  iron  loss.  It  may 
be  that  some  of  the  insulation  in  the  field 
coils  of  No.  2  is  burned  out  and  some  of 
the  turns  short-circuited.  Another  pos- 
sibility is  that  the  ammeter  used  did  not 
indicate  the  exciter  field  currents  cor- 
rectly.   For  explanation  of  the  functions 


of  interpoles  and  compensating  windings, 
see  articles  by  Mr.  D.  Hall,  on  "The 
Compensated  Generator,"  in  the  Journai, 
for  Aug.  '16,  and  on  "Modern  Types  of 
Direct-Current  Machines,"  Nov.  '16. 

F.  L.  M. 

1453 — Size  of  Exciters — We  intend  in- 
stalling two  750  k.v.a.  turbogenerators 
to  take  care  of  our  power  and  lighting 
load.  At  present  we  have  275  motors 
installed  from  5  to  60  hp,  but  we  are 
making  more  changes  in  favor  of 
motor  drive.  We  also  have  thrt-e  (45 
kw  each)  single-phase  alternators  for 
lighting  purposes.  Our  present  power 
installation  has  a  lagging  power-factor 
of  65  percent.  What  size  exciters 
would  be  required  for  the  turbogener- 
ators provided  the  fields  were  suf- 
ficiently large  for  over-excitation  to 
take  care  of  our  low  power-factor. 
What  size  synchronous  motor  would 
we  require  for  power- factor  correction 
so  as  to  give  us  unity  power-factor  on 
our  total  system,  with  lights  on  or  off 
our  new  units?  r.  d.  (ill.) 

A  750  k.v.a.,  3600  r.p.m.  turbogener- 
ator designed  to  carry  a  load  consisting 
of  industrial  motors  would  require  an 
exciter  having  a  capacity  of  approxi- 
mately 15  kw.  The  use  of  a  synchronous 
condenser  to  correct  the  power-factor  to 
100  percent  would  reduce  the  total  k.v.a. 
of  the  plant  so  that  smaller  turbogener- 
ators, and  consequently  smaller  exciters, 
could  be  used.  The  rating  of  a  synchron- 
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ous  condenser  large  enough  to  correct 
the  power-factor  to  unity  is  worked  out 
in  Fig.  1453(a).  The  assumed  load  is 
1500  k.v.a.,  made  up  of  a  lighting  load  of 
13s  kw,  unity  power-factor,  and  a  motor 
load  having  a  power-factor  of  65  percent. 
The  diagram  shows  that  the  wattless 
component  is  1070  k.v.a.,  so  that  a  con- 
denser of  approximately  this  rating  is 
necessary.  The  wattless  component  to 
be  furnished  by  the  condenser  is  the  same 
with  or  without  the  lighting  load,  since  it 
has  been  assumed  that  this  part  of  the 


1050  Ky.a.     Power  Component 

FIG.   1453  (a) 

load  has  a  power-factor  of  100  percent. 
While  it  is  probably  true  that  the  actual 
power-factor  of  the  lighting  load  is  more 
nearly  90  percent,  the  amount  of  the  load 
is  so  small  in  comparison  with  the  motor 
load  that  its  effect  on  the  load  wattless 
component  is  negligible.  With  the  con- 
denser in  operation  the  generators  would 
carry  the  power  component  only,  which 
is  shown  to  be  1050  k.v.a.  It  would  be 
possible,  therefore,  for  two  500  k.v.a. 
turbogenerators  to  carry  the  load.  Each 
of  these  would  require  an  exciter  having 
a  capacity  of  ID  kw.  Q.G. 

1454  —  Insulation  Resistance  —  What 
should  be  the  insulation  resistance  of  a 
three  horse-power,  60  cycle,  220  volt, 
three-phase,  1800  r.p.m.,  squirrel-cage 
induction  motor  when  ne w  ?  After  dry- 
ing, following  a  "drowning  out,"  what 
is  a  safe  value  at  which  to  put  the 
motor  back  into  service? 

■w.  N.  0.  (MICH.) 
Section    550    of    the    Standardization 
Rules  of  the  A.I.E.E.  gives  the  follow- 
ing rule: — 
Insulation  Resistance  in  Megohms  = 

Rated  Volts  at  Terminals 

Capacity  in  K.v.a.  -\-  1000 

For  the  motor  mentioned  this  would  be 


gram,  if  their  secondaries  were  con- 
nected properly.  As  shown,  the  proper 
connections  for  IV,  are  a  current  trans- 
former in  line  A,  and  voltage  across 
lines  A  and  C  as  produced  by  trans- 
former B.  Now  since  the  voltage  at 
transformer  E  in  the  delta  is  the  same_ 
in  direction  and  value  as  the  sum  of  F 
and  D,  it  should  be  possible  to  drop 
out  transformer  E  and  use  in  its  place 
F  and  D  connected  in  open  delta,  as 
shown  in  Fig.  1455(c)  and  get  the 
same  results.  Please  discuss  the  con- 
nections shown  in  Fig.  1455 (a)  with 
respect  to  accuracy  of  measurement. 

c.  w.  F.  (oHio) 
This  connection  seems  to  be  correct 
for  emergency  conditions,  and  the  ac- 
curacy of  the  readings  should  be  as  good 
as  the  accuracy  of  the  readings  with  nor- 
mal connections,  except  for  the  slight 
difference  in  regulation  and  phase  angle 
caused  by  the  extra  load  of  transformer 
BC.  Vector  analysis  shows  that  tlie  cur- 
rent in  potential  transformer  BC  will  be 
greater  by  73  percent  than  with  the  nor- 
mal connections.  Hence  the  potential 
AC  impressed  across  meter  Wi  will  be 


" — — 7T — I        "=  0.22  megohms.   In 

(3  X  0.746)  +  1000  ^ 

practice  a  value  of  one  megohm  for  this 
class  of  apparatus  is  considered  a  good 
minimum.  A.  M.  D. 

1455 — Polyphase  Meter  Connections — 

Please  discuss  the  diagram  of  meter 
connections  shown  in  Fig.  1455(a)  as 
to  accuracy  of  readings.  It  is  impossi- 
ble to  get  a  current  transformer  in  line 
No.  /,  where  it  should  be,  and  other 
meters  are  already  connected  to  the 
potential  transformers,  so  that  it  would 
not  be  convenient  to  make  the  change 
there.  Figs.  1455(b)  and  (c)  analyze 
this  connection.  The  standard  method 
of  measuring  a  three-phase  circuit  with 
two  current  and  two  potential  trans- 
formers is  shown  in  Fig.  1455(b). 
Suppose  another  potential  transformer 
F  is  added  and  connected  across  lines 
A  and  B ;  then  potential  transformers 
D,  E  and  F  would  form  a  closed  delta 
A-B-C,   as   shown   in   the   vector   dia- 


FiG.  1455(a),  (b)  and  (c). 

less  than  normal  by  the  amount  of  the 
increased  potential  drop,  due  to  the  cur- 
rent having  to  pass  through  two  trans- 
formers in  series  instead  of  one,  one  of 
the  transformers  being  overloaded  be- 
yond what  it  would  be  with  normal  load. 
Also  the  phase  angle  will  be  somewhat 
distorted  for  the  same  reason.  How- 
ever, the  increased  load  of  73  percent  on 
transformer  BC  should  still  be  well 
within  the  capacity  of  the  transformer, 
as  potential  transformers  are  usually 
compensated  to  give  correct  ratio  with 
15  volt-ampere  load,  whereas  the  load  of 
the  ordinary  integrating  wattmeter  is 
usually  less  than  five-volt  amperes.  The 
method  shown  is  correct  in  all  essentials, 
and  the  errors  due  to  increased  potential 
drop  and  phase  angle  difference  are  com- 
mercially negligible.  w.  r.  w. 

1456 — Operation  of  Water- Wheel  Gen- 
erator—  Given  several  alternators 
operating  on  load  and  in  synchronism 
and  driven  by  waterwheels  whose  speed 
is  controlled  by  Lombard  governors, 
exciters  having  their  voltage  controlled 
by  a  Tirrill  regulator : — if  the  field  of 


one  alternator  is  lost  due  to  (a)  break 
in  field  circuit,  or  (b)  stoppage  of  ex- 
citer or  failure  to  continue  gener- 
ating, but  with  no  break  in  the  field 
circuit  of  the  alternator,  what  power, 
if  any,  would  the  alternator  continue 
to  supply,  assuming  that  it  remains  in 
synchronism  and  no  switches  are 
opened?  What  difference,  if  any,  does 
this  case  bear  to  that  of  an  induction 
motor  which  will  not  generate  unless 
run  above  synchronous  speed? 

M.  M.  (new  ZEALAND) 

Cases  (a)  and  (b)  amount  to  the  same 
thing,  providing  the  machine  stays  in 
synchronism,  for  in  this  condition  the 
armature  flux  will  not  generate  any  volt- 
age in  the  field  circuit.  With  the  machine 
in  synchronism  the  power  supplied  is  in- 
dependent of  the  excitation,  but  is  deter- 
mined by  the  torque  supplied  to  the  shaft 
by  the  waterwheel,  and  this  would  not 
change  upon  loss  of  generator  field  ex- 
citation. The  alternator  will  be  ex- 
cited by  circulating  wattless  current, 
leading  the  voltage,  and  supplied  by  the 
other  machines  operating  on  the  same 
bus-bars.  In  the  case  of  an  induction 
motor  being  driven  above  synchronous 
speed  the  back  torque  is  produced  by  the 
interaction  of  stator  and  rotor  currents, 
the  latter  being  generated  by  the  rotor 
bars  cutting  the  revolving  field.  In  the 
case  under  consideration,  however,  the 
alternator  is  running  as  an  inductor  ma- 
chine, and  the  back  torque  is  produced 
by  simple  magnetic  attraction  between 
the  armature  poles  and  the  projecting 
pole  piece  of  the  rotor,  the  armature 
poles  lagging  behind  the  rotor  poles.  In 
the  case  of  an  alternator  without  salient 
poles,  such  as  a  turbogenerator,  this  back 
torque  cannot  exist,  so  that  it  will  drop 
out  of  synchronism;  moreover,  the 
salient  pole  machine  will  also  drop  out 
of  synchronism  if  the  torques  supplied 
by  the  waterwheel  exceeds  a  relatively 
small  value.  E.  S. 

I4S7 — Changing    Motor    Windings — I 

have  a  15  horse-power,  two-phase,  no 
volt,  squirrel-cage  induction  motor ;  72 
slots,  72  coils,  6  coils  per  group,  6  pole, 
12  group,  connections  6  parallel.  I  wish 
to  change  the  above  motor  to  220  or 
440  volt,  three-phase,     (a)   Please  e.x- 
plain  connection,    (b)  Do  I  have  to  cut 
out  any  coils?      (c)    Can  I  change  to 
four   poles    without   rewinding?      (d) 
Can  the  open  delta  three-phase  method 
be  used?      (e)    When  using  the  open 
delta   do    I   have   to   have   some   dead 
coils?     (f)  Do  you  know  of  any  good 
book  which  deals  with  induction  mo- 
tors, connections  and  rewinding,  or  a 
book  on  direct-current  machines,  con- 
nections and  rewinding?     s.  E.  G.  (cal.) 
(a)   It  is  possible  to  make  this  motor 
operate  on  three-phase,  440  volts  by  re- 
grouping the  coils  for  three-phase  in  18 
groups  and  then  connecting  two-parallel 
star.      The    normal    voltage    would    be 
no  X  1.25  X   (6  -^  2)   =  414,  but  this 
would  operate  satisfactorily  on  440  volts. 
The   factor    1.25    is   due   to   the   change 
from  two-phase  to  three-phase  and  the 
factor  6  -^  2  is  due  to  the  change  from 
six  parallels  to  two  parallels.    The  motor 
could   be   operated   on  220  volts   by   re- 
grouping the  coils  for  three-phase  in  18 
groups     and     then     connecting     parallel 
delta.      The    normal    voltage    would    be 

no  X  1.25  X  6 

— =    239   volts,    but    this 

2   X   1-73 
would  operate  on  220  volts.    The  factor 
1.73  is  due  to  the  delta  connection,     (b) 
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No.  (c)  Not  with  the  best  results  on 
account  of  the  throw  of  the  coil.  If  the 
coil  is  already  chorded  less  than  full 
pitch  for  six  poles,  it  would  be  exces- 
sively chorded  for  four  poles.  (On  this 
point  and  the  general  problem  see  article 
on  "Reconnecting  Induction  Motors,"  by 
Mr.  A.  M.  Dudley,  in  the  Journ.m.  for 
Feb.  'i6,  subheading  "Chord  Factor.") 
(d)  The  open  delta  is  not  a  desirable 
scheme  to  use.  It  slightly  unbalances  the 
phases  and  is  apt  to  produce  undue  heat- 
ing in  the  rotor,  (e)  No.  (f)  There  are 
no  good  books  giving  this  in  concise 
form,  but  all  the  standard  textbooks  have 
something  on  it.  See,  for  example, 
"Specification  and  Design  of  Dynamo- 
Electric  Machinery,"  by  Mr.  Miles 
Walker.  The  files  of  the  electrical  peri- 
odicals contain  much  useful  information 
along  this  line,  but  it  is  scattered.  If  you 
have  access  to  a  good  library  these  are 
the  best  sources  to  consult.  In  making 
any  reconnection  from  two-phase  to 
three-phase,  or  vice  versa,  care  should  be 
taken  to  get  the  "phase  coils"  which 
carry  heavier  insulation  in  the  proper  po- 
sition at  the  beginning  and  endings  of 
the  pole-phase  groups  in  the  winding, 
where  the  heaviest  voltage  strain  occurs. 
The  article  referred  to  above  explains 
this  under  the  subheading  "Phase  Insula- 
tion." ■  A.  M.  D. 
1458  —  Composite  Power-Factor  —  A 
certain  switchboard  has  a  number  of 
power-factor  meters,  all  reading  dif- 
ferent. What  is  the  composite  power- 
factor  of  all  of  them?  r.  d.  c.  (.ohio) 
It  is  impossible  to  obtain  the  average 
power-factor  of  a  group  of  feeders  ana- 
lytically except  by  vectorially  adding  the 
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power  and  reactive  components  sep- 
arately. The  method  of  doing  this  is 
shown  in  Fig.  1458(a).  Assume  a  feeder 
having  200  kw  at  70  percent  power- 
factor  ;  another  feeder  of  50  kw  at  80 
percent  power-factor;  and  a  third  of  100 
kw  at  unity  power-factor.  No  further 
knowledge  of  mathematics  is  neces- 
sary than  to  use  the  formula  sin.  B  = 
y/ 1  —  cos.^e  and  its  converse  cos.  6  = 
V  I  —  sin.^e.  Lay  out  first  to  scale  on 
cross-section  paper  the  power  component 

[*-lQO  Kilow»tts-H 


FIG.  1458  (a) 


of  the  first  feeder,  200  kw.  From  the 
end  of  this  line  erect  a  perpendicular 
equal  to  the  reactive  component,  which 
is  equal  to  the  power  component  divided 
by  the  power-factor  (cos.  B)  and  multi- 
plied by  the  reactive  factor  (sin.  B).  This 
component  thus  equals  200  H-  0.80  X 
y/l  _  (0.80)'.  In  this  case  the  two 
components  are  practically  equal.  A  line 
joining  the  extremities  of  these  two  com- 
ponents represents  the  k.v.a.  load  in  the 
first  feeder  and  the  angle  between  the  kw 


line  and  the  k.v.a.  line  equals  the  angle  of 
lag  between  the  current  and  voltage. 
From  the  apex  of  the  triangle  thus 
drawn,  lay  off  a  horizontal  line  repre- 
senting the  power  component  of  the  sec- 
ond feeder.  The  reactive  component  of 
the  second  feeder  is  found  in  the  same 
way  and  the  k.v.a.  line  drawn.  A  straight 
line  drawn  between  the  apex  of  this  sec- 
ond triangle  and  the  origin  represents 
the  resultant  k.v.a.  in  the  two  circuits. 
From  the  new  apex  lay  off  the  power 
component  in  the  third  feeder.  As  this 
third  feeder  is  at  100  percent  power- 
factor  it  has  no  reactive  component.  A 
line  drawn  from  the  end  of  the  line  rep- 
resenting the  load  in  the  third  feeder  to 
the  origin  represents  the  resultant  k.v.a. 
in  the  three  feeders,  and  the  angle  be- 
tween this  resultant  and  the  base  line 
represents  the  resultant  angle  of  lag  be- 
tween the  current  and  voltage  on  the 
bus-bars.  The  resultant  power-factor  is 
obtained  by  dividing  the  total  power 
component  (350  kw)  by  the  resultant 
k.v.a.  (422),  getting  a  value  of  0.83,  or  83 
percent.  The  resultant  k.v.a.  can  be  de- 
termined graphically,  or  is  equal  to  the 
square  root  of  the  sum  of  the  squares  of 
the  power  and  reactive  components.  This 
method  of  obtaining  resultant  power- 
factor  is  applicable  to  the  individual 
branches  of  a  single  feeder  or  to  a  group 
of  feeders  feeding  into  a  common  set  of 
bus-bars.  The  power-factor  of  a  circuit 
is  dependent  on  the  apparatus  connected 
to  the  circuit,  and  on  tliat  only.  No  con- 
ditions of  power-factor  in  other  circuits 
fed  from  the  same  source  or  in  the 
feeder  from  which  the  circuit  is  fed  can 
have  any  effect  upon  the  power-factor  in 
the  circuit.    Thus  a  circuit  composed  ex- 


TKe    NeAv   Way 

Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward-Leonard    Resistance 

to   screw  into  a  socket   and   re- 
place lamps. 

WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON,  N.  Y. 

Bad  &  Westburg  Electric  Co.,  Chicago,  111.        John  B.  Sebring,  Pittsburgh.  Pa.       Wm.  Miller  Tompkins,  Philadelphia,  Pa. 


Saves    Money 

This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward -Leonard  unit  is  to  offer 
resistance — not  to  give  light. 

It  offers  an  interchangeable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light — think 

WARD  LEONARD 

The 
Resistance  Specialists 
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clusively  of  incandescent  lamps  will  have 
a  power-factor  closely  approaching  unity, 
entirely  regardless  of  the  power-factor 
of  the  feeder  from  which  it  secures  its 
power.  C.  R.  R. 

i^jg — Switching  Transformer  Banks — 
Please  explain  reasons  for  the  follow- 
ing:— A  substation  on  a  three-phase 
system  contains  two  banks  of  trans- 
formers. The  one  bank  consists  of 
three  single-phase  transformers,  500 
kw  each,  the  other  fifteen  transformers 
of  80  kw  each,  the  capacity  of  the  re- 
spective banks  being  1500  and  1200  kw. 
The  secondaries  of  both  banks  are  con- 
nected to  the  distribution  bus-bars  at 
2200  volts,  and  the  primaries  are  tapped 
from  the  same  high-tension  bars  at 
6600  volts.  The  series  transformers 
for  the  polyphase  integrating  watt- 
meter and  ammeters  for  each  bank  are 
on  the  primary  leads.  On  switching 
the  smaller  bank  in  parallel  with  the 
larger  one  it  was  noticed  that  the  in- 
tegrating wattmeter  on  the  larger  bank 
started  to  reverse  and  that  the  am- 
meter of  the  small  bank  read  about  75 


percent  above  the  actual  load  on  the 
substation,  also  that  the  integrating 
wattmeter  for  this  bank  traveled  faster 
than  it  should  have  done  for  the  nor- 
mal load.  In  switching  out  the  large 
bank  the  amperes  on  the  small  one 
dropped  to  normal  and  the  integrating 
meter  slowed  down.  Was  current  ac- 
tually being  sent  back  to  the  line 
through  the  larger  bank?  Was  the 
magnetizing  k.v.a.  for  the  large  bank 
being  supplied  by  the  small  one?  The 
load  on  the  substation  is  an  inductive 
one  with  a  lagging  power-factor  of 
about  0.80.  Both  banks  are  connected 
delta-delta,  and  have  ratios  of  6600  to 

2200  volts.  S.  S.  (S.  AFRICA) 

This  performance  is  probably  due  to  a 
difference  in  voltage  ratio  in  the  two 
banks  of  transformers.  If  the  secondary 
voltage  of  the  smaller  bank  of  trans- 
formers is  somewhat  higher  than  that  of 
the  larger  bank,  the  conditions  given  in 
the  question  can  easily  be  accounted  for. 
On  the  above  hypothesis,  when  the  two 
banks  are  thrown  in  parallel  they  will 
share  the  load  in  inverse  proportion  to 


their  respective  impedances.  In  addition 
to  the  load  currents  there  will  be  an  out- 
of-phase  current,  due  to  the  difference  in 
voltage  ratios,  that  will  circulate  through 
the  two  banks  in  such  a  direction  as  to 
add  to  the  load  current  in  the  smaller 
bank  and  subtract  from  the  load  current 
of  the  larger  bank.  This  circulating  cur- 
rent may  be  of  such  a  value  that  the 
wattmeter  in  the  larger  bank  will  indi- 
cate a  negative  load.  This  load  is  not 
being  sent  back  into  the  line.  It  is  merely 
the  resultant  of  the  true  load  and  the  cir- 
culating current.  The  difference  between 
the  two  meter  readings,  in  this  case, 
should  indicate  the  load  on  the  station. 
The  magnitude  of  the  circulating  cur- 
rent is  practically  independent  of  the 
power- factor  of  the  load,  but  the  lower 
the  power-factor  of  the  load,  within  rea- 
sonable limits,  the  more  nearly  is  the  cir- 
culating current  in  phase  with  the  load 
current,  and  consequently  the  greater  will 
be  the  difference  between  the  ammeter 
readings.  Neither  bank  of  transformers, 
in  this  case,  will  supply  the  magnetizing 
k.v.a.  for  the  other.  j.  F.  p. 


Aim — To  connect  theory  and  practice 


Transformer  Coil  Winding 

Shell-type  power  transformers  are  built  with  "pancake" 
coils,  one  of  which  is  shown  in  Fig.  4.  An  ingenious  device  is 
used  in  winding  these  coils,  which  insulates  the  bare  copper 
ribbon  as  it  is  wound,  thus  allowing  different  insulations  to  be 


liinds  it  on  with  light  cord,  which  is  fed  from  a  spool  through 
which  the  ribbon  and  tape  are  passed. 


FIG.  4 

applied  for  different  conditions.  The  coil  is  wound  on  a  flat 
table  like  a  boring  mill  table.  The  ribbon  is  fed  through  a  fold- 
ing device  along  with  the  paper  or  cloth  insulation  in  the  form 
of  tape.    The  folder  wraps  the  insulation  around  the  ribbon  and 


What  Is  a  Horse-Power? 

IV-Watcr   Wheels 

The  power  available  in  falling  water  bears,  perhaps,  a  closer 
resemblance  to  the  fundamental  definition  of  horse-power  than 
does  that  of  any  other  commercial  source  of  energy,  as  it  equals 
directly  the  pounds  of  water  falling  per  minute,  times  the  dis- 
tance of  fall  in  feet,  divided  by  33  000.  The  energy  available  in 
falling  water  may  be  utilized  in  various  ways : — 

I — By  its  pressure  when  confined,  as  in  small  water  motors ; 
and  in  pure  reaction  turbines. 

2 — By  its  weight,  as  in  overshot  and  breast  wheels. 

S — By  its  velocity,  as  in  undershot  and  current  wheels  and 
in  impulse  turbines,  such  as  the  Pelton. 

4 — By  combinations  of  the  /,  2  and  3,  as  in  most  commer- 
cial reaction  turbines,  such  as  the  Francis,  in  which  the  energy 
is  partly  transformed  into  velocity  in  the  stationary  guide  case. 

Where  the  water  approaches  the  wheel  in  an  open  flume, 
the  total  drop  in  feet  at  the  wheel  is  used  in  calculating  the 
horse-power.  Where  the  water  is  carried  some  distance  in  a 
closed  pipe,  however,  as  is  commonly  the  case  in  large  hydraulic 
developments,  the  loss  of  pressure  or  head  due  to  friction  in  the 
pipe  must  be  subtracted  from  the  total  to  get  the  effective  head. 
This  loss  is,  however,  usually  negligible  as  compared  to  the 
additional  head,  which  is  made  possible  by  confining  the  water 
under  pressure  in  the  pipe. 

As  water  is  usually  measured  in  cubic  feet  rather  than 
pounds,  the  customary  formula  for  the  power  output  of  a 
water  wheel  is 


Hp  =  H  X  Q  X  B  Xox 
where  H  =  effective  head ;  Q  =  cubic  feet  of  water  per  min- 
ute;  £  ^  efficiency  of  turbine,  which  may  be  taken  as  roughly 
80  percent  for  the  larger  commercial  turbines.  One  cubic  foot 
of  water  per  minute  =  0.0015  shaft  horse-power  at  one  foot 
head  and  80  percent  efficiency. 


The  purpose  of  this  section  is  to  present  accepted,        The    co-operation    of    all    those    interested    in 
practical  methods  used  by  operating  companies              operating  and  maintaining  railway  equipment  is 
throughout  the  country.                                           invited.       Address    R.    O.  D.  Editor. 

— 

THE 
ELECTRIC 
JOURNAL 

MAY 
1917 

^ 

How  to  Take  Armatures  Out  of  Box  Frame  Motors 


In  recent  years  the  box  frame  motor  has  increased  in  popu- 
larity, due  to  its  rigid  construction  and  low  maintenance  cost, 
and  also  to  its  better  adaptability  to  the  low  floor  car.  Several 
approved    methods    of    removing    armatures    from    bo.x    frame 

motors  are  in  common  use. 

METHOD  1 

A  scheme  used  by  a  large  operating  company  to  remove 
their  armatures  is  shown  in  Fig.  I.    This  requires  one  short  and 


The  motor  is  set  on  the  carriage  of  the  macliine,  with  the 
commutator  end  toward  the  machine  head  fitted  with  tlie  long 
center  pin.  The  pinion  end  housing  bolts  are  removed  and  the 
machine's  center  points  are  entered  in  the  centers  of  the  arma- 
ture shaft  and  locked.  The  pinion  end  housing  is  then  removed, 
and   the  carriage   supporting  the   frame   is   pushed  toward   the 


one  long  piece  of  pipe,  bent  for  convenience.     Two  rings  that 

slip  over  the  ends  of  the  armature  shafts  are  hinged  at  one  end 

of  each  piece  of  pipe,  about  six  inches  apart. 

The  motor  is  set  on  the  floor  and  both  housings  removed. 

The  rings  on  the  long  piece  of  pipe  are  slipped  over  the  com- 
mutator end  of  the 
armature  shaft,  while 
the  rings  on  the  short 
piece  of  pipe  are 
slipped  over  the  pinion 
end  of  the  shaft.  The 
men  at  the  end  of  each 
piece  of  pipe  lift  the 
armature  bodily  out 
of  the  frame  through 
the  pinion  end  open- 
ing, and  let  it  down 
on  a  grooved  block 
made  to  receive  it. 
The  number  of  men 
required  to  handle  an 
armature  by  this 
method  depends  upon 
its  size  and  weight. 

METHOD  2 

In  Fig.  2  is  shown  a 
machine  designed  for 
removing  armatures. 
This  machine  consists 
of  two  heads  fitted 
w  i  t  h  centers  —  one 
long,  which  is  station- 
ary, and  the  other 
short,  which  is  adjust- 
able— mounted  on  the  end  of  a  base  plate.  The  long  center 
must  have  a  diameter  slightly  smaller  than  journal  size  at  the 
commutator  end  of  the  armature,  and  should  be  long  enough  to 
extend  through  the  length  of  the  motor  frame.  A  carriage  to 
receive  the  motor  travels  on  the  base  plate  between  the  two 
heads. 


FIG.  3 


machine  head  carrying  the  long  center  pin.  The  armature  being 
held  rigid,  the  long  center  pin  passes  through  the  cornmutator 
end  bearing  opening.  In  this  manner  the  frame  is  shifted  far 
enough  to  clear  the  armature,  which  can  be  lifted  to  the  floor 
after  being  released  from  the  center  pins. 

It  takes  one  man  and  a  crane  operator  to  handle  an  arma- 
ture by  this  method. 

METHOD  3 

A  very  quick  and  simple  way  of  doing  this  work,  but  which 
requires  a  careful  and  skilled  crane  operator,  is  shown  in  Fig.  3. 
When  removing  an  arma- 
ture in  this  manner,  the  oil 
from  the  bearing  housing  oil 
wells  must  first  be  removed, 
after  which  the  motor  is 
up-ended,  commutator 
down.  The  pinion  end  hous- 
ing bolts  arc  removed  and  a 
special  threaded  cap  fitted 
with  an  eye  bolt  is  screwed 
on  the  pinion  nut  fit  of  the 
armature  shaft.  The  crane 
hook  is  attached  to  the  eye 
bolt,  and  the  armature  is 
lifted  out  of  the  motor 
frame  as  shown.  When  the 
armature  is  being  let  down 
on  the  floor  it  is  necessary 
to  rest  the  commutator  end 
of  the  shaft  on  a  block  to 
prevent  damaging  the  com-  fig.  4 

mutator   and    end   windings 

when  laying  the  armature  over  on  the  floor.  With  this  method 
one  man  and  a  crane  operator  can  handle  the  largest  motors 
used  on  street  or  interurban  cars. 

In  Fig.  4  is  shown  a  modification  of  method  3,  replacing  the 
special  threaded  cap  by  a  yoke  that  is  attached  between  the 
pinion  and  housing.  This  scheme  works  well;  the  yoke  is  easy 
to  make  and  can  be  used  on  any  size  motor. 

Facilities  and  number  of  men  available  for  this  work  will, 
to  a  very  great  extent,  be  the  deciding  factor  as  to  which  of 
these  methods  will  be  best  suited  to  individual  cases. 
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Central  station  men  will  read  with  in- 
Building  Up      ^^^.^^^  ^,^^  ^^jj^jg  jj^  ^j^jg  jggyg  ^,y  jyjj.. 

Power  Loads  j^^gg  j  Baker  on  some  of  the  factors 
that  have  been  found  essential  to  success  in  building  up 
large  power  loads.  One  factor,  however,  Mr.  Baker 
does  not  mention,  probably  because  it  is  self-evident  to 
him,  and  that  is,  good  organization.  No  single  indi- 
vidual, no  matter  how  experienced,  is  capable  of  solving 
all  the  complicated  problems  presented  by  prospective 
purchasers  of  large  amounts  of  power  or  of  accumu- 
lating for  each  case  the  conclusive  proof  of  the  advan- 
tage that  will  be  obtained  through  the  use  of  electricity. 
Behind  the  representative  must  be  a  good  organization, 
not  only  equipped  with  ample  information,  but  able  to 
produce  any  desired  data  promptly  on  demand.  Good 
organization,  too,  is  equally  essential  in  fulfilling  the 
promises  made  to  the  user  when  the  contract  is  signed. 
That  the  Doherty  Company  possesses  an  organization 
of  a  high  order  of  efficiency  is  evident  not  only  from  its 
commercial  success,  but  also  from  the  esprit  dc  corps 
which  impresses  everyone  familiar  with  its  work  or  in 
constant' contact  with  its  members. 

Another  factor  in  the  building  up  of  large  loads  is 
the  obvious  one  of  physical  size.  If,  for  example,  each 
of  a  group  of  six  small  communities  has  its  own  central 
station,  the  chances  are  that  none  of  the  large  power 
users  in  any  of  these  communities  can  be  adequately 
served  with  electric  povver.  But  if  all  six  plants  are 
combined  into  one  large  system,  then  all  the  power  de- 
mands in  the  entire  territory  can  readily  be  met,  and  the 
public  can  enjoy  far  better  service  than  it  could  under 
the  old  regime. 

To  electrical  men  this  fact  is  obvious ;  but,  unfortun- 
ately, it  is  not  obvious  to  all  outsiders.  And  it  is,  there- 
fore, the  undoubted  duty  of  electrical  men  to  make  clear 
to  the  public  that  its  own  best  interests  lie  in  the  expan- 
sion of  central  stations  and  that,  though  minor  and  tem- 
porary advantages  may  be  won  by  opposition,  the  most 
satisfactory  results  in  the  long  run  are  obtained  by  en- 
couraging the  central  stations  to  develop  along  proper 
economic  lines.  In  this  work  of  educating  the  public,  by 
the  way,  the  Doherty  Company  has  been  particularly 
effective. 

There  is  one  form  of  large  load  which  the  central 
stations  will  in  time  be  called  upon  to  carry  and  which 
will  have  incalculable  influence  on  electrical  development 
in  the  United  States.  This  is  the  furnishing  of  power 
to  electrified  steam  railroads.  Though  this  will  mean  an 
immense  increase  in  load,  yet  the  central  stations,  espe- 
cially those  in  the  largest  centers  of  population,  can 
readily  prepare  themselves  for  it,  as  is  shown  by  the 


actual  operation  of  railroads  by  central  stations  in  Phila- 
delphia, New  York  and  elsewhere. 

It  is,  perhaps,  just  as  well  that  the  electrification  of 
the  railroads  did  not  come  until  after  the  general  accept- 
ance of  the  principle  that  "railroads  need  not,  and  should 
not,  engage  in  the  business  of  generating  power  in  addi- 
tion to  that  of  transportation."  The  proper  division  of 
transportation  business  and  power  supply  business  will 
greatly  benefit  not  only  the  central  stations  and  the  rail- 
roads, but  the  public  as  well.  Under  this  arrangement 
the  public  will  be  served  directly  from  the  huge,  efficient 
and  reliable  plants  resulting  from  the  added  load.  They 
will  be  free  to  use  the  widely  extended  transmission 
lines,  and  will  share  in  the  economies  effected  in  power 
generation. 

In  considering  this  subject  of  the  increased  use  of 
electric  power,  it  is  well  to  keep  the  end  of  all  this  effort 
in  mind.  Is  it  simply  to  enlarge  our  plants,  reduce  the 
cost  of  electric  power,  and  increase  our  salaries  and  divi- 
dends ?  By  no  means.  These  things  are  but  useful  by- 
products. It  is  to  raise  humanity  one  step  higher  in  the 
scale ;  to  transfer  the  burden  of  labor  from  aching 
muscles  to  tireless  steel ;  to  multiply  ten-fold  the  power 
of  our  hands;  to  make  the  life  of  every  man,  woman 
and  child  in  America  safer  and  happier ;  and  to  give  in 
greater  abundance  not  only  those  things  necessary  to 
life,  but  those  that  make  it  worth  living.  These  aims 
should  never  be  forgotten ;  and  long-continued  observa- 
tion indicates  that  the  Doherty  organization  never  for- 
gets them.  Arthur  A.  Brown 


There  seems  to  be  a  misconception  on 
the  part  of  the  general  public,  and 
Kesearch  .  ^^^^  -^^  many  technical  circles,  as  to 
the  amount  of  research  work  that  is  carried  on  through- 
out the  United  States.  It  is  well  known  that  certain 
large  corporations,  certain  universities  and  certain  inde- 
pendent organizations  have  research  laboratories  in 
which  extensive  work  is  being  done.  It  is  not  so  well 
known  that  practically  every  manufacturing  corporation 
and  every  public  utility  of  any  magnitude  is  compelled 
to  carry  on  research  in  some  form  or  other,  regardless 
of  what  name  it  may  receive  during  the  progress  of  the 
work.  The  sum  total  of  such  research  is  probably  very 
much  greater  in  magnitude  than  is  generally  under- 
stood. 

When  the  Naval  Consulting  Board  desired  funds  for 
an  adequate  research  laboratory  they  met  with  much 
opposition  in  some  quarters  on  the  score  that  what  they 
needed  was  not  a  research  laboratory,  but  a  testing  lab- 
oratory or  experimental  plant.     Perhaps  the  difference 
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in  ideas  comes  from  the  fact  that  "research"  is  the  newer 
term  and  really  embraces  "experimental"  and  "testing," 
as  here  used.  Much  research  is  carried  on  outside  the 
research  laboratories  and  in  many  lines  where  it  is  not 
called  research.  As  new  phenomena  are  discovered,  new 
tools  devised,  new  methods  perfected,  there  is  an  ever- 
increasing  number  of  problems  presented  for  solution. 
As  has  been  aptly  said,  the  sum  total  of  human  knowl- 
edge is  like  a  small  sphere  in  a  limitless  universe  of  the 
unknown,  and  if  this  be  true  then  it  must  follow  that  any 
expansion  of  our  knowledge  merely  brings  us  in  a 
larger  degree  in  contact  with  the  unknown. 

In  many  cases,  manufacturing  corporations,  for  ex- 
ample, find  it  necessary  to  carry  on  in  the  factory  or  in 
the  field  on  a  large  scale  work  which  is  as  truly  of  a 
research  nature  as  the  fundamental  work  carried  on  in 
the  chemical,  physical  or  electrical  laboratories.  For 
example,  the  finding  of  the  limitations  of  a  new  type  of 
design  involving  perhaps  new  materials  and  new  prin- 
ciples is  of  truly  a  research  character.  Such  research 
must  be  carried  out  first  in  the  testing  rooms  of  the 
manufacturer  and,  when  this  part  of  the  work  has  ar- 
rived at  a  certain  stage,  field  tests  must  be  undertaken 
to  determine  operating  characteristics,  life  and  suita- 
bility for  service.  During  the  course  of  such  tests  it 
very  frequently  happens  that  many  related  problems 
arise,  some  of  which  can  be  solved  in  the  factory  or  in 
the  field,  and  some  of  which  must  be  returned  to  the 
laboratory  proper  for  solution. 

The  public  service  corporation,  in  making  a  funda- 
mental study,  for  example,  of  the  causes  of  failure  on 
transmission  lines  or  in  studying  the  type  of  material 
best  adapted  for  high-temperature  service  in  their  gen- 
erators, are  doing  research  work  of  a  high  order,  and 
those  familiar  with  the  administration  of  public  utilities 
-will  recognize  at  once  that  a  very  large  amount  of  such 
-work  is  being  continuously  carried  on,  though  rarely 
under  the  caption  of  Research.  The  writer  once  visited 
a  hydroelectric  station  where  for  some  reason  there  had 
been  an  unusual  number  of  accidents  involving  the  life 
liazard.  Accurate  records  had  been  kept  of  all  such 
accidents,  together  with  detailed  photographs  of  the 
accident  and  the  victim,  and  a  careful  study  had  been 
and  was  being  made  of  ways  and  means  of  anticipating 
and  preventing  such  accidents.  Though  of  a  somewhat 
gruesome  type,  this  was  a  true  piece  of  research. 

Again,  it  is  inevitable  that  all  laboratory  research,  in 
order  to  become  commercial,  must  be  followed  by  a 
period  of  development,  then  by  a  period  of  test  after 
the  necessary  fabrication  of  the  device  or  material,  and 
then  further  field  development  when  the  device  or  ma- 
terial is  put  into  commercial  use.  Much  of  this  is  really 
research.  It  would  appear,  therefore,  that  research 
starts  along  the  lines  of  the  development  of  fundamental 
principles,  and  a  new  idea  arrives  at  fruition  only  after 
it  has  passed  through  the  hands  of  many  research 
workers.  The  complete  development  is  thus  due  to  the 
combined  research  of  those  having  to  do  with  the  devel- 
opment, from  the  inception  of  the  idea  to  its  complete 


commercialization.  It  is  very  rare  that  a  device  or  a 
material  leaves  the  research  laboratory  in  such  form  that 
further  study  and  modification  is  not  required,  and  it 
not  infrequently  happens  that  the  user  of  a  device  has 
as  much  to  do  with  its  final  commercialization  as  the 
inventor  or  manufacturer.  It  may  be  said,  therefore, 
that  the  co-operation  of  all  interested  in  any  particular 
material  or  device  from  any  standpoint,  either  inventor, 
manufacturer  or  user,  is  required  to  complete  its  devel- 
opment, and  the  more  closely  this  research  co-operation 
can  be  arranged  the  sooner  the  material  or  device  will 
be  satisfactorv  to  all  concerned.  C.  E.  Skinner 


Avertine  ^^^^  public  utility  business  has  been 

P  built  upon  a  well-proportioned  basis. 

At  first  practically  no  consumers  were 
Controversies  ^^^^^^  ^^^  ^^e  lighting  class,  the 
service  for  which  was  naturally  costly.  Later,  large 
power  loads  were  supplied  at  a  fraction  of  the  expense 
of  the  lighting  consumer.  The  ratio  of  power  load  in- 
creased slowly  at  the  beginning,  but  has  now  become  a 
large  percentage  of  the  total  business  done.  Activity  in 
the  supply  of  large  power  naturally  brought  low  rates 
more  into  prominence,  and  lighting  customers,  unfa- 
miliar with  the  factors  of  cost,  have  in  many  cases  pre- 
sumed that  differences  between  lighting  and  power  rates 
were  excessive.  In  fact,  criticisms  have  been  made  on 
this  score  which  the  authors  would  have  refrained  from 
making  had  they  understood  that  the  established  range 
in  rates  was  completely  justified  by  records  and  analysis. 
In  spite  of  the  advantages  of  a  regulated  monopoly, 
the  public  still  remains  sensitive  on  the  score  of  non- 
competitive supply  and  is  therefore  easily  led  to  believe 
that  the  charges  for  service  will  not  be  as  satisfac- 
torily controlled  without  competition,  notwithstanding 
the  existence  of  state  regulation.  The  top  or  maximum 
for  service  as  supplied  to  the  residential  class  is  mainly 
assailed,  and  the  public  inquires,  for  instance,  why  the 
large  power  customer  (consuming  energy  in  great  bulk) 
is  charged  approximately  one  cent,  while  the  small  do- 
mestic consumer  (with  consumption  exceedingly  small) 
has  to  pay  ten  cents.  To  the  uninformed  this  disparity 
in  rates  is  liable  to  appear  irreconcilable.  Being  without 
enlightment,  it  seems  to  them  that  no  circumstance  could 
prevail  that  would  make  the  service  in  the  one  case 
cost  ten  times  that  of  the  other,  and  they  view  it,  possi- 
bly with  native  simplicity,  that  if  the  upper  charge  was, 
say,  three  to  five  fold  that  of  the  low  rate  it  would  prove 
a  liberal  provision  for  return  on  the  investment. 

Evidently  the  very  simple  law  of  cost  which  sharply 
distinguishes  between  bulk  and  retail  quantities  is  at 
work  with  equal  force  in  electrical  energy  distribution 
and  supply  as  found  in  all  Hues  of  business  and  trade. 
Consider,  for  instance,  one  of  our  necessary  everyday 
commodities,  cotton,  and  one  of  its  finished  articles. 
Cotton  rope  in  bulk  will  run  about  30  cents  a  pound  or 
less,  and  cotton  thread  on  a  spool  weighing  approxi- 
mately one-seventieth  of  a  pound  costs  five  cents,  or 
approximately  $3.50  per  pound.     In  this  case  the  con- 
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sumer  pays  ten  to  twelve  times  as  much  for  the  com- 
modity in  small  quantity  as  when  obtained  in  bulk,  and 
accepts  the  situation  philosophically.  As  a  matter  of 
fact,  he  seldom  analyzes  the  true  economic  conditions. 

Manifestly  the  case  of  small  and  bulk  supply  in  elec- 
trical service  is  analogous.  It  is  slightly  varied,  of 
course,  by  the  nature  of  some  of  its  commercial  problems 
in  marketing  the  service,  principally  in  meter  readings, 
requiring  an  agent  to  visit  the  consumers'  premises 
monthly,  and  in  billing,  necessitating  a  charge  account, 
and  the  attendant  commercial  expense  for  patronage  so 
small  in  amount  that,  in  the  usual  lines  of  trade,  a  cash 
transaction  would  be  demanded.  Several  progressive 
companies  have  already  hit  upon  a  plan  of  advertising, 
through  which  they  will  bring  home  to  the  people  the 
fundamental  facts  regarding  the  difference  in  rate  for 
the  several  classes  of  consumers.  Due  to  the  complexity 
in  making  apportionments  of  investment  and  operating 
costs  between  the  different  classes  of  service,  the  same 
degree  of  return  necessarily  will  not  always  be  shown  in 
all  cases,  but  it  can  be  demonstrated  that  the  results  are 
rational  throughout  and  in  keeping  with  sound  business. 
The  central  station  industry  is  to  gain  by  shedding  more 
light  upon  this  subject.  Suppressing  the  facts  has  been 
the  cause  in  several  instances  of  being  harassed  and  put 
to  much  expense,  with  serious  loss  finally  to  the  utility. 
Costly  valuation  and  rate  cases  may  be  avoided  if  a 
careful  examination  of  its  service  is  conducted  by  the 
utility  and  the  truth  regarding  rates  made  known  in  a 
way  which  is  not  susceptible  of  confusion  or  misinter- 
pretation. E.  D.  Dreyfus 


The 

Motor  -  Driven 

Washing 

Machine 


wv,*!-     \tJ  '^'^'^  standards  of  street  illumination 

in  the  United  States  have  been  ma- 
ig  mg  terially  improved  during  the  last  few- 
years.  This  progress,  no  doubt,  results  from  improved 
street  lighting  units,  more  efficient  operation,  and  from 
the  realization  that  good  street  lighting  is  an  economical 
investment.  The  very  general  practice  on  the  part  of 
municipalities  of  installing  some  system  of  "white-way" 
lighting  on  their  main  business  streets  is  to  be  highly 
commended.  Such  lighting  creates  civic  pride,  increases 
business,  provides  effective  publicity,  raises  real  estate 
values,  and  stimulates  interest  in  local  conditions. 

The  great  progress  made  in  street  lighting  is  chiefly 
noticeable  in  higher  intensities,  better  distribution  of 
light,  elimination  of  useless  poles,  improved  and  more 
artistic  standards  used,  and  the  superior  utilization 
factor  obtainable  in  the  application  of  electrical  energy. 

The  municipal  authorities,  the  central  station  manage- 
ments and  the  manufacturers  of  electrical  illuminating 
devices  jointly  share  in  the  credit  for  the  improvements 
made.  The- article  by  Mr.  G.  T.  Dunklin  in  this  issue  of 
the  Journal  specifically  mentions  and  explains  the  de- 
tails of  recent  developments  in  ornamental  street  light- 
ing. This  article  gives  a  brief  history  of  white-way 
lighting,  and  a  practical  application  of  the  points  brought 
out  will  materially  assist  those  contemplating  installa- 
tions of  white-way  lighting.  C.  E.  Stephens 


A  shortage  of  labor  naturally  pro- 
duces a  demand  for  a  means  of  ac- 
complishing the  same  result  mechan- 
ically. Thus  the  increasing  difficulty 
in  obtaining  domestic  help  has  com- 
pelled the  housekeeper  to  adopt  labor-saving  devices 
which,  however  meritorious,  would  hardly  have  been  as 
generally  adopted  had  it  not  been  for  the  shortage  in 
help. 

The  electric  iron  first  introduced  to  the  housekeeper 
the  great  convenience  and  saving  in  labor  which  is  char- 
acteristic of  the  use  of  electrical  devices.  It  not  only 
saved  steps  and  backaches,  but  it  also  allowed  the  iron- 
ing to  be  done  in  cool  and  convenient  surroundings.  The 
sewing  machine  motor  and  the  vacuum  cleaner  assisted 
in  substituting  electric  motive  power  for  that  of  the 
human  muscles.  The  vacuum  cleaner  saved  the  labor 
of  sweeping  and  eliminated  the  scattering  of  unsanitary 
dust.  The  sewing  machine  motor  is  of  even  greater 
benefit.  Sweeping,  however  unsanitary  and  laborious,  is 
splendid  exercise.  Operating  the  treadle  of  a  sewing 
machine  is,  on  the  contrary,  an  exceedingly  wearing 
form  of  labor  which  is  forbidden  to  many  women  by 
their  physicians.  The  motor  in  both  cases  has  been  of 
great  benefit. 

One  of  the  greatest  labor-saving  appliances  for  the 
home  is  the  motor-driven  washing  machine,  as  discussed 
in  the  article  by  Mr.  V.  M.  Beeler  in  this  issue.  The 
modern  washing  machine  represents  a  complete  applica- 
tion of  the  latest  engineering  principles  to  the  solution 
of  a  domestic  problem.  It  is  a  triumph  of  efficiency  engi- 
neering, each  operation  being  carefully  studied,  not  only 
to  eliminate  the  back-breaking  rubbing  on  the  wash- 
board, but  also  to  reduce  to  a  minimum  the  number  of 
movements  necessary  in  its  operation.  It  is  also  an 
exemplification  of  the  safety  first  principle — in  the  latest 
forms,  the  gears,  rods  or  belts — in  fact,  all  moving  parts 
— are  completely  enclosed. 

The  growth  of  the  motor-driven  washing  machine 
industry  in  the  last  few  years  has  been  phenomenal. 
There  are  on  the  market  over  one  hundred  different 
kinds  of  motor-driven  washing  machines,  and  the  total 
annual  production  in  this  country  is  very  large.  Even 
so,  there  is  still  room  for  increased  production,  as  it  is 
estimated  that  there  are  over  twenty  million  homes  in 
the  United  States,  five  and  one-half  million  of  which  are 
wired  for  electric  service. 

The  principal  obstacle  to  the  more  general  use  of 
washing  machines  is  their  high  initial  cost ;  the  operating 
expense  is  conceded  to  be  low.  The  initial  price  is,  how- 
ever, easily  met  by  the  customary  system  of  partial 
payments,  and  the  large  resultant  savings,  not  only  in 
labor  but  in  actual  dollars,  are  easily  demonstrable. 
Whether  these  savings  be  in  the  form  of  less  time 
used  by  the  laundress,  or  her  entire  elimination,  or 
whether  they  be  figured  on  the  basis  of  less  wear  and 
tear  of  the  clothes,  the  motor-driven  washing  machine 
plays  an  increasingly  important  part  in  home  economics. 

Chas.  R.  Riker 
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Herbert  A.  Wagner 
President, 

National  Electric  Light  Association 


THE  work  of  the  National  Electric  Light  Associa- 
tion in  advancing  and  developing  the  science  and 
art  of  the  production,  distribution  and  utilization 
of  electrical  energy  for  the  most  efficient  service  to  the 
public  has  been  carried  on  as  heretofore,  principally 
through  the  medium  of  standing  committees,  under  the 
direction  of  the  executive  committee  and  the  executives 
of  the  four  national  special 
sections.  Each  year  the 
amount  of  work  increases 
and  broadens  in  scope  and 
in  efficiency  of  handling. 
The  progress  made  this 
year  has  been  fully  up  to 
the  normal  and  committee 
reports  will,  it  is  hoped,  be 
of  still  greater  service  to 
our  members. 

The  Fortieth  Conven- 
tion of  the  Association  was 
to  have  been  held  at  Atlan- 
tic City  on  May  28,  but  in 
April  it  was  decided  that, 
owing  to  the  war  condi- 
tions, the  usual  form  of 
convention  should  be  aban- 
doned. In  such  times  as 
these  it  was  felt  that  the 
best  thought  of  the  Asso- 
ciation's member  compa- 
nies, the  time  of  their  men 
and  their  financial  resources 
should  be  conserved  and 
devoted  to  their  problems 
and  duties  at  home.  In  place 
of  the  usual  convention,  a 
meeting  pf  the  executives 
of  member  companies  was 
called  for  May  9  and  10,  in 

New  York,  for  the  election  of  officers  and  to  talk  over 
and  advise  on  the  great  problems  of  industrial  organiza- 
tion and  co-operation  with  which  the  electrical  industry 
and  other  industries  are  now  confronted,  and  to  discuss 
means  of  assisting  in  every  way  possible  in  the  great 
task  of  the  Government  in  preparing  for  and  conducting 
the  war.  The  war  in  Europe  has  now  lasted  nearly 
three  years,  and  has  become  the  most  awful  tragedy  of 
.  history,  overshadowing  all  other  human  aflfairs,  and  the 
supreme  task  of  the  time  is  to  bring  it  to  an  end,  if  pos- 
sible, under  conditions  which  will  give  some  assurance 
against  the  recurrence  of  a  similar  calamity  in  the 
future.    In  this  task  the  United  States  has  now  joined 
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and,  until  it  is  accomplished,  all  energies  which  can  be 
eiTectively  directed  to  this  end  should  be  so  devoted. 
The  Government  rightfully  has  a  first  call  upon  all  the 
resources  of  the  country  for  this  purpose,  and  the  steps 
which  it  is  taking  indicate  that  it  intends  to  organize  its 
forces  of  men,  equipment  and  materials  as  rapidly  as 
possible.  It  is  important  that  there  should  be  a  general 
understanding  that,  while 
the  war  lasts,  it  is  to  be  the 
])rincipal  business  of  the 
coimtry. 

When  the  war  began  a 
cry  was  raised  in  England 
of  "Business  as  Usual,"  but 
before  long  it  was  apparent 
that  business  could  not  go 
on  as  usual,  and  all  efforts 
were  turned  to  the  curtail- 
ing of  unnecessary  expendi- 
tures, for  the  double  pur- 
pose of  subscribing  for  the 
war  loans  and  releasing 
labor  for  absolutely  neces- 
sary work.  Some  fear  has 
been  expressed  in  this  coun- 
try, however,  that  a  general 
impulse  for  economy  might 
suddenly  contract  the  vol- 
ume of  business  to  such  an 
extent  as  to  disorganize  in- 
dustry, throw  wage-earners 
into  idleness  and  create  a 
general  state  of  alarm  and 
confusion  which  would  seri- 
ously impair  the  ability  of 
the  country  to  deal  with  the 
great  emergency  which  con- 
fronts it.  Many  are  urging 
that  it  is  better  for  each 
person  to  go  ahead  in  this  accustomed  way,  and  with  his 
usual  expenditures,  than  to  run  the  risk  of  disturbing  the 
orderly  movement  of  trade  by  encouraging  a  general 
change  of  pace.  It  seems  to  be  generally  agreed,  how- 
ever, that  there  will  have  to  be  material  changes  in  our 
industrial  methods  and  energies,  and  a  reduction  of 
expenditures  in  many  lines.  But  these  changes  should 
come  about  gradually  and  automatically,  as  Government 
orders  are  given  preference  over  private  orders,  by  the 
effect  of  high  prices,  by  the  influence  of  taxation  and  by 
the  patriotic  desire  to  participate  in  the  war  loans. 

There  is  no  prospect  of  less  work  to  be  done  in  this 
country ;  there  is  more  work  in  sight  than  ever  before. 


THE   ELECTRIC  JOURNAL 


209 


and  expenditures  will  not  'be  lessened  but  will  merely  be 
shifted  to  new  channels.  It  is  imperative  that  in  all 
these  readjustments  we  must  avoid  hysteria  and  impul- 
sive action. 

It  is  the  time  for  our  Association  and  the  public 
service  companies  which  form  its  membership  to  con- 
sider without  delay  the  part  which  we  must  play  and 
the  action  which  we  should  take  in  connection  with  the 
general  preparedness  plans  and  the  readjustments  which 
must  take  place.  We  have  many  problems  before  us 
which  need  careful  deliberation,  requiring  the  utmost  of 
co-operation  and  practical  co-ordination  with  the  broad 
scheme  of  industrial  adjustment. 

Few  outside  of  the  public  service  industry  realize  to 
what  extent  the  industries  of  the  country  and  the  entire 
machinery  of  production  are  dependent  upon  electric 
light,  power  and  gas.  It  is  safe  to  say  that  there  is  today 
no  class  of  industry,  no  kind  of  manufacturing  enter- 
prise, which  is  not  dependent  upon  electric  central  sta- 
tions for  power  or  light,  or  both.  Within  the  last  two 
years  the  expansion  of  factories  and  mills  engaged  in  the 
production  of  munitions  for  war  and  the  various  ma- 
terials used  for  their  manufacture  has  resulted  in  greatly 
increased  use  of  central  station  electric  power.  Manu- 
facturers in  general  have  turned  to  the  central  stations 
to  supply  their  power  requirements  rather  than  submit 
to  the  delays,  uncertainties  and  unnecessary  investment 
in  providing  their  individual  power  plants,  realizing  also, 
that  both  for  reliability  and  low  cost  of  power,  central 
stations  service  is  most  advantageous.  The  public  utilities 
are  thus  standing  behind  the  supply  of  the  various  sinews 
of  war,  and  it  is  of  paramount  importance  that  service 
should  be  continued  with  undiminished  efficiency  and  re- 
liability, and  even  extended  where  necessary.  Light  for 
our  streets  and  homes  provides  the  most  eiTective  protec- 
tion and  security  against  all  forms  of  disorder  and  crime 
which  the  unsettled  conditions  may  encourage. 

In  order  to  maintain  our  service  with  undiminished 
effectiveness  it  is,  of  course,  necessary  that  the  public 
utilities  should  retain  at  least  the  greater  part  of  their 
forces  of  skilled  men,  and  prompt  measures  must  be 
taken  to  offset  the  effect  of  enlistment  and  the  applica- 
tion of  the  selective  draft  in  decimating  our  organiza- 
tions. We  must  find  ways  and  means  of  holding  the 
bulk  of  our  men  in  their  present  jobs  without  discourag- 
ing enlistment  or  in  any  way  embarrassing  the  Govern- 
ment in  raising  the  required  military  forces.  It  is  most 
desirable  for  us  also  to  consider  what  position  we  are  to 
take  in  contributing  toward  the  support  of  those  depend- 
ent upon  our  employees  who  enlist  or  who  are  drafted. 
Undoubtedly,  our  inclination  is  to  be  liberal  in  our  con- 
tributions but,  on  the  other  hand,  the  limitations  of  our 
financial  resources,  particularly  in  view  of  the  great  in- 
crease in  the  cost  of  fuel  and  supplies,  and  the  possibility 
of  curtailed  earnings,  must  warn  us  to  pause  before 
taking  precipitate  action  which  we  may  afterwards  be 
forced  to  modify. 

One  of  the  most  serious  problems  which  confront  us 
is  the  scarcity  of  fuel,  or  the  means  to  assure  its  delivery 


in  such  regular  quantities  as  our  requirements  demand. 
Some  prompt  and  well-organized  action  must  be  taken 
to  bring  before  the  proper  Government  authorities  the 
extreme  urgency  of  the  adoption  of  measures  which  will 
place  public  utilities  in  a  preferred  class  for  fuel  supply. 

ORGANIZATION 

Year  by  year  our  Association  has  grown  in  numbers 
and  in  el?ective  organization,  and  the  progress  during 
the  last  year  has  been  no  exception  to  this  rule  of  con- 
tinuous development.  We  have  today  a  magnificently 
organized  instrument  for  the  development  and  stand- 
ardization of  engineering  practice,  for  promoting  econo- 
mies in  construction  and  operation,  for  improving  the 
service  to  the  public,  and  for  the  education  of  employees 
and  providing  for  their  welfare.  This  organization, 
through  its  many  well-appointed  committees,  is  prepared 
to  undertake  any  and  all  kinds  of  new  problems  and 
work.  These  committees  are  composed  not  only  of  the 
country's  best  specialists  on  power  production  and  dis- 
tribution, but  of  specialists  upon  all  industrial  processes, 
power  uses  and  applications.  In  the  electric  central  sta- 
tion industry  today  are  found  the  best  electrical  and 
industrial  engineers  in  the  country,  and  the  National 
Electric  Light  Association  has  the  call  on  every  one  of 
them  for  loyal  and  unselfish  service,  which  is  a  labor  of 
love  with  no  other  incentive  than  a  desire  to  improve  the 
service  to  the  public  throughout  the  country  at  large. 

With  the  growth  and  broadening  influence  of  the 
Association,  its  objects  and  aims,  like  those  of  its  mem- 
bers who  have  come  within  this  influence,  have  grown 
less  selfish  and  more  fully  imbued  with  the  conviction 
that  the  public  interest  and  welfare  are  paramount,  and 
that  the  fair  and  moderate  return,  which  is  all  that  pri- 
vate capital  employed  in  this  service  can  demand,  is  most 
fully  assured  by  the  best  and  most  extended  service  to 
the  public  that  the  greatest  engineering  skill  and  the 
most  intelligent  and  tireless  management  can  provide. 

We  have  welcomed  and  encouraged  regulation  by 
Public  Service  Commission  as  the  best  means  of  assur- 
ing the  fair  consideration  of  all  rights  involved  and  sup- 
planting the  wasteful  and  inefficient  regulation  by  com- 
petition, involving,  as  it  did,  the  duplication  of  capital 
and  effort  and  the  subdivision  of  sources  of  supply.  Ex- 
perience has  proven,  what  theory  had  always  maintained, 
that  concentration  of  capital,  effort  and  production  is 
the  only  means  of  realizing  the  lowest  costs  and,  with 
proper  regulation,  the  lowest  selling  prices.  The  public 
has  been  slow  to  appreciate  the  full  significance  of  this 
economic  truth,  but  as  those  engaged  in  the  public 
service  have  learned  to  realize  more  fully  their  duties  to 
the  public,  the  people  have  also  begun  to  understand,  to 
some  extent,  their  dependence  upon  and  duties  to  the 
public  utilities.  In  bringing  about  this  better  under- 
standing, the  National  Electric  Light  Association, 
through  its  co-operative  and  educational  methods,  has 
played  an  important  part. 

Under  wise  Public  Service  Commission  regulation 
all  that  benefits  the  public  service  company  reacts  to 
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benefit  the  consumer.  Ample  profit  must  result  in  con- 
stantly improved  and  extended  service  and  lower  rates. 
In  any  business,  lower  prices  for  the  product  can  be 
brought  about  only  by  better  methods  of  production  and 
management,  and  by  increased  volume  of  production 
and  sales.  Some  incentive  is  required,  however,  to  make 
such  improvement  appear  desirable  to  the  management 
and  owners.  This  incentive  is  usually  found  in  the  hope 
of  greater  profit.  The  public  service  business  needs  this 
same  incentive  for  improvements  and  expansion  which 
will  make  lower  prices  for  service  possible.  If  rates  are 
continually  being  lowered,  with  no  increase  in  profits,  all 
incentive  to  adopt  methods  to  lower  operating  expenses 
will  naturally  cease.  Some  fair  division  of  excess  profits 
between  the  consumers  and  the  companies  is  therefore 
essential  to  assure  the  best  results  for  the  consumers. 
Reductions  in  rates,  without  the  attendant  possibility 
of  increased  dividends,  are  not  only  unfair  but  preju- 
dicial to  the  best  interests  of  the  public.  The  consumers 
are  dependent  upon  the  public  service  company,  and  the 
company  is  dependent  upon  the  consumer.  The  relation 
of  the  two  should  really  resemble  a  partnership  for  mu- 
tual benefit.  Their  interests  are  not  opposed,  but  actu- 
ally interdependent.  Neither  should  seek  to  reach  for 
all  the  benefits,  for  they  would  be  of  short  duration.  It 
is  just  as  incumbent  upon  the  consumer  to  be  fair  to  the 
public  service  company  as  it  is  for  the  company  to  be 
fair  to  the  consumer.  Mutual  confidence  is  essential  to 
the  best  interests  of  both.  With  the  view  to  making 
this  mutualization  of  interest  more  effective  on  a  profit- 
sharing  basis,  a  number  of  our  larger  public  service  com- 
panies today  are  encouraging  their  consumers  and  em- 
ployees to  invest  in  the  company's  securities,  and  these 
efforts  are  meeting  with  very  saHsfactory  results. 

MEMBERSHIP 

While  our  membership  has  been  continually  growing, 
it  has  become  increasingly  difficult  to  add  to  our  Class  A 
membership.  This  is  principally  for  the  reason  that 
acquisitions  are  now  almost  entirely  limited  to  the 
smaller  central  station  companies  in  the  middle  and  far 
West,  and  in  the  South.  Greater  efforts  than  ever  be- 
fore have  been  made  in  the  past  year  to  bring  home  to 
these  smaller  companies  the  many  and  great  advantages 
of  becoming  and  remaining  members  of  this  Association. 
The  greater  part  of  our  committee  work  has  resulted  in 
setting  forth  in  reports  and  handbooks  the  best  practices 
of  the  larger  companies,  principally  for  the  benefit  of 
smaller  companies  who  have  more  limited  facilities  for 
research,  experiment  and  specialization.  The  larger 
member  companies  have  thus  contributed  in  the  time  and 
expenses  of  their  best  men  engaged  in  this  committee 
work  very  large  sums  of  money,  which  have  been  do- 
nated for  the  benefit  of  improved  public  service  at  large, 
with  but  comparatively  small  or  indirect  advantage  to 
the  principal  contributors.  Nevertheless,  the  small  com- 
panies in  many  instances  fail  to  find  this  valuable  infor- 
mation readily  adaptable  to  their  narrower  requirements 
and  limitations.     The  need  of  giving  greater  considera- 


tion to  the  specific  requirements  of  the  small  companies, 
and  providing  reliable  and  well-considered  advice  for  the 
solution  of  their  problems,  has  therefore  been  given 
more  thoughtful  attention  during  the  past  year,  both  in 
committee  work  and  by  the  headquarters'  staff. 

An  exceptionally  active  membership  committee,  com- 
posed of  men  who  are  familiar  with  the  various  activi- 
ties of  the  Association,  has  made  a  most  thorough  can- 
vass for  increased  and  more  appreciative  membership. 
As  a  result  of  this  committee's  work  the  total  member- 
ship in  this  Association  passed  the  15  000  mark  last 
week  for  the  first  time  in  the  history  of  the  Association. 
We  have  today  1134  Class  A  members,  12715  Class  B 
members,  95  Class  C  members,  245  Class  D  members, 
831  Class  E  members  and  37  foreign  members;  total 
15057.  The  company  section,  if  properly  directed,  is  a 
great  and  important  factor  in  carrying  out  and  dis- 
seminating the  ideals  of  this  Association. 

Our  work  is  largely  of  an  educational  character,  and 
it  is  felt  by  those  most  interested  in  Association  work 
that,  through  company  section  activities  and  educational 
campaigns  and  by  the  better  equipment  of  the  individual 
employee  through  these  means,  our  aims  to  improve 
public  service  in  every  way  possible  can  be  best  ad- 
vanced. Many  of  our  members  hold  strongly  to  the 
belief  that  all  local  company  educational,  welfare  and 
social  activities  should  center  in  and  be  directed  by  the 
local  company  section  of  this  Association. 

GENEK.VL    COMMITTEE    WORK. 

The  organization  of  this  Association  for  effectively 
carrying  on  its  increasing  activities  has  developed  from 
year  to  year  largely  through  the  election  and  appoint- 
ment of  volunteer  committees,  which  specialize  on  some 
important  topic  or  activity.  The  growth  and  strength- 
ening of  committee  organization  has  been  progressing 
this  year  as  heretofore,  and  a  total  of  81  committees  for 
subdividing  the  work  have  been  appointed.  Of  these 
committees  22  are  under  the  direct  control  of  the  execu- 
tive committee  and  the  president,  and  of  the  balance  the 
technical  section  has  8,  the  commercial  section  28,  the 
accounting  section  13,  and  the  electric  vehicle  section  10. 
These  committees  have  been  extremely  active  and 
efficient  in  this  year's  work,  and  with  all  committees  and 
sections  this  year's  slogan  has  been  "Co-operation." 
Through  cross-membership,  joint  meetings  and  close 
touch  between  committee  chairmen,  the  idea  of  closer 
co-operation  and  the  unification  of  policies  and  methods 
of  procedure  have  been  carried  out  in  the  most  gratify- 
ing and  satisfactory  degree.  Through  the  Question  Box 
and  the  monthly  Bulletin  the  needs  of  the  smaller  mem- 
ber companies  are  receiving  an  increasing  amount  of 
attention. 

PRESENT  OPPORTUNITIES  OF  THE  CENTR.VL  STATION 

The  rapidly  changing  conditions  which  have  been 
coming  over  the  business  and  industrial  enterprises  of 
the  country  during  the  progress  of  the  war  in  Europe 
have  presented  new  problems  and  opportunities  to  all 
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our  public  utilities.  The  dependence  of  the  public  upon 
the  service  of  electric  central  station  companies  has  been 
more  clearly  demonstrated  than  ever  before,  and  the 
growth  of  the  demand  for  central  station  power  on  the 
one  hand,  and  the  decadence  of  the  isolated  plant  on  the 
other,  have  been  unprecedented.     There  are  before  us 


today  greater  opportunities  for  the  extension  of  our 
power  service  and  for  the  practical  elimination,  through 
obsolescence  and  inadequacy,  of  all  other  sources  of 
power  for  the  country's  industries,  great  and  small,  than 
the  greatest  optimist  could  have  dreamed  of  a  few 
years  ago. 


Guy  E.  Tripp 

Chairman, 

Westingliouse  Electric  &  Mfg.  Company 


THE  past  five  years  have  seen  a  very  rapid  increase 
in  the  utilization  of  electric  power.  Those  who 
have  been  closely  identified  with  this  remarkable 
development  realize  that  such  enormous  increases  can- 
not continue  indefinitely,  and  it  may  therefore  be  inter- 
esting to  analyze  existing  fundamental  conditions  in 
order  to  determine  whether  or  not  the  present  rate  of 
increase  is  likely  to  be  maintained  for  some  time  to 
come.  Broadly  speaking,  electric  energy  is  used  for 
three  purposes : — 

/ — For  light  and  stationary  power. 

.' — For  transportation. 

S — For  industrial  electro-chemical  processes. 

The  separate  consideration  of  these  several  uses  may 
give  a  good  perspective  of  the  whole  subject. 

LIGHT    .AND    POWER 

The  costs  of  an  electric  power  station  today  per  unit 
of  capacity  are  about  one-third  of  such  costs  fifteen 
years  ago,  when  the  steam  turbine  first  began  to  come 
into  general  use,  while  the  electric  energy  produced  per 
pound  of  coal  has  been  increased  fifty  percent.  These 
results  are  due  to  radical  improvements  in  almost  every 
item  of  power-house  equipment  and  because  the  largest 
modern  steam  turbine  has  about  twelve  times  the  power 
which  the  largest  reciprocating  engine  had  fifteen  years 
ago.  Smaller  fixed  charges  resulting  from  reduced  in- 
stallation cost,  less  coal  because  of  higher  efficiency, 
and  reduced  labor  charge  per  unit  of  output  due  to  the 
use  of  larger  units,  have  materially  decreased  the  cost 
of  steam-electric  power  production,  notwithstanding  the 
marked  advance  in  the  cost  of  coal. 

Electric  power  is  no  exception  to  the  economic 
axiom  that  every  price  reduction  broadens  the  use  of  a 
commodity ;  therefore  electric  lighting  has  grown  from 
a  limited  luxury  to  almost  the  universal  method  of  illu- 
mination and,  starting  with  only  an  occasional  motor, 
electricity  is  now  performing  almost  every  known  kind 
of  power  service.  The  incandescent  lamp  itself  yields 
nearly  three  times  as  much  light  per  unit  of  energy  as 
formerly,  while  the  tremendous  increase  in  the  number 
of  types  and  sizes  of  motors  adapted  to  all  sorts  of 
uses  may  perhaps  be  best  illustrated  by  the  fact  that 
my  company  alone  manufactures  some  3450  standard 
motors,  each  dilTering  from  every  other  in  some  radical 
feature.    Naturally  these  improvements  have  stimulated 


the  use  of  electric  power  while,  on  the  other  hand,  the 
steady  advance  in  the  price  of  fuel  has  so  raised  the 
operating  cost  of  private  plants  as  to  induce  many  of 
them  to  close  down  and  buy  power  from  the  larger  cen- 
tral stations. 

The  foregoing  conditions  are  stable  and  no  one  be- 
lieves that  the  saturation  point  as  to  power  consump- 
tion has  been  approached,  much  less  reached;  therefore 
a  reasonable  assumption  for  this  class  of  service  is  that 
there  will  be  an  increasingly  broadening  demand  for  a 
long  time  to  come. 

TRANSPORTATION 

The  equipment  of  urban  and  interurban  trolley  lines 
has  heretofore  largely  occupied  the  manufacturing  fa- 
cilities for  electrical  apparatus  used  in  transportation. 
There  are  indications  that  the  period  of  rapid  expansion 
in  this  field  has  passed  and  that  hereafter  the  principal 
demand  may  be  expected  for  normal  increases  of  exist- 
ing roads  and  for  repairs  and  replacements. 

The  situation  with  respect  to  steam  raihvays,  how- 
ever, is  radically  dififerent.  \Miile  almost  every  class  of 
heavy  railroad  service  is  successfully  being  carried  on 
by  electrical  equipment,  the  percentage  of  the  total  mile- 
age of  the  country  so  operated  is  as  yet  insignificantly 
small.  For  a  long  time  a  necessary  and  proper  prudence 
deterred  the  railroads  from  investing  heavily  in  electric 
systems  before  their  practicability  had  been  suitably 
demonstrated.  Afterwards  financial  uncertainties  did 
not  encourage  them  to  invest  capital.  With  the  advan- 
tages of  electrification  demonstrated  and  recognized  as 
they  now  are,  and  assuming  an  improved  market  for 
their  securities,  railroads  will  presently  demand  an 
equipment  output  of  no  small  proportions. 

A    NEW    APPLICATION 

Another  application  of  electric  power  which  may 
prove  to  be  very  important  is  the  application  of  electrical 
equipment  to  marine  service.  The  United  States  Gov- 
ernment has  recently  placed  contracts  for  the  construc- 
tion of  four  battleships  to  be  propelled  by  electric  motors 
supplied  with  current  from  steam  turbine-driven  electric 
generators.  Government  engineers  have  concluded  that 
the  very  substantial  advantages  aiTorded  fully  justify 
this  radical  departure  from  all  previous  practice.  If  the 
tremendous  expansion  in  our  ship-building  industry  now 
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being  predicted  shall  become  a  reality,  the  demand  for 
electric  ship  propulsion  equipment,  following  a  success- 
ful demonstration  on  such  a  large  scale  as  afforded  by 
battleships,  may  require  facilities  as  great  as  those  now 
employed  in  well-established  lines  of  production. 

ELECTRO-CHEMICAL    PROCESSES 

In  electro-chemical  work  electricity  is  not  simply  a 
convenience;  it  is  an  absolute  necessity  vital  to  the  in- 
dustry. Generally  its  cost  is  so  large  a  proportion  of  the 
total  cost  of  the  chemical  product  that  the  industry  can 
exist  only  where  a  very  low  price  for  current  obtains. 
Wonderful  advances  are  being  made  in  the  science  of 
electro-chemistry,  and  its  arts  have  become  essential  to 
the  needs  of  our  country.  Nitrogenous  products  for 
munitions  and  agriculture  are  among  the  important  crea- 
tions. Even  greater  achievements  are  confidently  pre- 
dicted, but  the  fullest  measure  of  success  seems  insep- 
arably linked  with  an  ample  supply  of  cheap  electricity, 
which  so  far  is  only  afforded  by  water  powers. 

HYDROELECTRIC   DEVELOPMENT 

Although  the  demand  for  electricity  has  increased  by 
leaps  and  bounds,  although  the  diminishing  coal  supply 
has  greatly  increased  the  cost  of  fuel  and  accentuated 
the  need  of  conserving  the  nation's  deposits  and  although 
improvements  in  the  art  of  transmission  have  made 
water-generated  power  available  several  hundred  miles 


from  its  source,  hydroelectric  development,  in  contrast 
to  other  branches  of  the  industry,  has  of  late  years 
lagged  far  behind. 

A  peculiar  situation  is  largely  responsible  for  this. 
The  bulk  of  the  available  power  is  in  the  west.  That  is, 
the  thirteen  so-called  water-power  states  are  estimated 
to  contain  69  percent  of  the  country's  commercially 
developable  water-power ;  and  in  these  thirteen  states 
the  Federal  Government  owns  and  holds  as  public  do- 
main over  two-thirds  of  all  the  land.  The  result  is  that 
the  only  way  that  96  percent  of  this  power  can  be  devel- 
oped is  by  occupying  some  part  of  the  public  domain, 
and  existing  Federal  lav^s  grant  only  a  permit  for  such 
purposes,  revocable,  without  recourse,  at  the  discretion 
of  a  government  officer.  Such  uncertain  tenure  has  de- 
terred investors  from  risking  their  capital. 

Similarly,  a  considerable  portion  of  the  power  sites 
not  located  in  the  west  are  on  navigable  streams,  and 
hydroelectric  developments  on  such  streams  are  for- 
bidden by  law  except  by  specific  congressional  enactment 
for  each  individual  undertaking.  The  difficulty  of  secur- 
ing such  enactment  has  very  largely  prevented  develop- 
ment, and  as  long  as  these  conditions  continue  it  is  un- 
safe to  expect  much  progress.  However,  remedial  laws 
are  before  Congress  and,  if  they  should  pass  in  a  form 
that  will  insure  reasonable  safety  to  investors,  a  most 
serious  handicap  to  the  utilization  of  valuable  natural 
resource  will  have  been  removed. 
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Samuel  G.  Hibben 

Illuminating  Engineer, 

The  Westinghouse  Lamp  Company 


THE  economical  construction  and  operation  of  a 
mammoth  office  building  forms  a  fascinating 
study.  There  are  present  in  such  a  structure  all 
the  transportation  problems  of  a  railroad,  operating  in  a 
bridge  on  end ;  all  the  servant  problems  of  the  greatest 
hotel;  all  the  enigmas  of  a  perfected  service,  of  proper 
heating,  and  cooling,  and  ventilation,  and  lighting,  and  a 
thousand  items  of  efficiency  engineering  from  the  main- 
tenance of  a  tennis  court  on  the  roof  to  the  disposal  of 
waste  paper  from  the  sub-basement. 

Artificial  lighting  in  an  office  building  is  an  im- 
portant one  of  these  ever-present  problems.  Today  it  is 
meeting  with  more  conditions  calling  for  artistic  treat- 
ment, and  more  rigid  requirements  for  efficiency  than 
ever  before.  If  one  questions  the  value  of  intelligent 
practical  illuminating  engineering  in  the  economy  of 
building  operation,  he  has  but  to  consider  such  cases  as 
are  illustrated  by  Fig.  2,  where  a  comparison  is  made 
between  two  buildings,  one  efficiently  and  one  waste- 
fully  lighted.  These  two  office  buildings  are  closely 
alike  in  size,  though  different  in  equipment.  Each  has 
about  170000  square  feet  of  rentable  space  for  a  good 
quality  of  general  office  uses.     Both  have  fair  daylight, 


though  building  B  uses  its  artificial  lighting  for  longer 
hours,  partially  on  account  of  its  dark  colors  of  interior 
paint. 

Such  typical  cases  start  the  owner  or  manager  to 
wondering  why  one  building  will  be  satisfactorily  lighted 
by  an  expenditure  of  10.9  percent  of  the  total  operating 
costs,  while  a  similar  one  seems  to  require  17.9  percent, 
or  nearly  twice  as  much,  for  lighting.  If  the  differ- 
ence, namely,  seven  percent,  is  a  waste,  then  it  is  a 
serious  leak  that  ought  to  be  prevented,  for  in  one  typical 
office  building  of  168000  square  feet  rentable  area  the 
total  annual  expense  of  operation  amounts  to  $68628, 
so  that  seven  percent  of  this  sum  represents  over  $4800 
wasted  yearly. 

There  are  many  little  stunts  that  may  be  performed 
to  forestall  or  stop  such  wastes  in  lighting  expenditures. 
Each  alone  may  seem  insignificant,  but  taken  cumula- 
tively they  represent  quite  ponderable  factors — may,  in 
fact,  represent  just  what  is  required  to  transfer  an  in- 
vestment from  the  losing  to  the  profitable  class. 

One  of  the  first  things  that  should  be  done  is  to 
establish  for  the  lighting  fixtures  a  systematic  cleaning 
system.      Far   too   many    people    fail   to   recognize   the 
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losses  caused  by  accumulation  of  dust  on  lamps,  on 
glassware,  or  on  ceiling  surfaces  that  are  depended 
upon  to  redirect  the  light.  The  importance  of  the  clean- 
ing of  lighting  glassware  is  illustrated  by  Fig.  3,  show- 
ing a  not  unusual  case  in  which  the  author,  during  the 
investigation  of  the  lighting  of  a  large  office  building, 
removed  a  semi-indirect  bowl  that  was  in  constant  ser- 
vice, washed  it  and  immediately  repeated  an  illumination 
test,  which  showed  that  the  average  illumination  for  the 
entire  room  was  increased  30  percent.  This  may  be 
worse  than  the  average  conditions,  yet  frequently  a  loss 
of  ten  percent  a  week  is  found  for  the  first  two  weeks. 

Now,  granting  that  cleaning  is  necessary  for  efficient 
lighting,  it  becomes  necessary  to  perfect  such  little 
stunts  as  will  facilitate  this  cleaning.  If,  for  example, 
a  semi-indirect  bowl  is  used,  a  small  hole  should  be 
drilled  in  the  bottom  through  which  dirt  may  be  brushed 
and,  what  is  more  important,  through  which  the  jan- 
itor may  insert  a  finger  to  hold  the  glass  when  raising  or 
lowering  it. 

One  little  kink  in  fixture  construction  that  is  not 
always  understood  is  to  provide  means  for  lowering  the 


FIG.    I — A  GOOD   EXAMPLE   OF   WINDOW    LIGHTING 

glass  bowl,  or  swinging  it  down  to  facilitate  dusting, 
without  completely  detaching  it.  Furthermore,  it  has 
been  shown  by  experience  that  air  currents  near  the 
heated  lamp  bulbs  cause  augmented  deposits  of  dust  on 
the  glassware  that  is  close  to  or  nearly  in  contact  with 
these  bulbs.  Small  clearance  space  between  bulb  and 
glass  complicates  the  cleaning,  and  these  factors  must 
not  be  neglected. 

Another  matter,  vital  to  the  proper  use  of  gas-filled 
lamps  in  economical  office  lighting,  is  to  provide  for 
good  ventilation  of  small  totally-enclosing  globes.  In 
fact,  the  size  of  the  glass  accessory  to  the  lamp  ought 
to  be  given  thought  in  order  to  secure,  among  other 
things,  a  proper  heat-radiating  surface.  It  is  quite 
common  to  install  such  office-lighting  fixtures  as  shown 
in  Fig.  4,  and  in  these  not  only  should  there  be  a  hole  in 
the  globe,  but  vents  of  at  least  twice  the  area  in  the 
metal  part,  or  fixture  proper.  And  an  important  but 
frequently  neglected  kink  is  to  construct  the  fixture  with 
these  vents  baffled,  so  that  direct  light  may  not  shine 
through  and  cause  unsightly  ceiling  spots  of  illumina- 
tion.   Also  one  frequently  sees  a  darkened  area  on  the 


ceiling  surrounding  the  top  edge  of  the  fixture,  some- 
times radiating  in  a  tongue-shaped  aureole,  which  is 
caused  by  the  draft  of  heated  air  that  has  been  allowed 
to  pass  up  through  the  fixture,  rather  than  having  been 
thrown  out  laterally  through  vent  holes  by  a  diaphragm 
across  the  fixture  an  inch  or  two  below  the  ceiling. 

The  advantages  of  the  enclosing  globe  type  of  fixture 
for  some  classes  of  office  lighting  cannot  in  general  be 
discussed  here,  but  one  idea  in  connection  with  their  use 
is  that  of  flexibility  as  concerns  different  sizes  of  lamps. 
In  one  size  of  fixture,  for  instance,  the  75  watt  or  the 
100  watt  lamp  may  be  used  without  any  mechanical 
changes  or  adjustments,  and  the  efficiency  and  appear- 
ance will  be  good  in  both  cases.  This  cannot  be  said 
of  the  semi-indirect  or  indirect  types  of  fixtures   for, 


Building  A 


Building  B 


Current 


Lamp  Renewals 


Cleaning 


3.96% 


3.62%. 


Total 


10.9' ( 


17.9% 


FIG.  2 — COMPARISON  OF  OPERATING  EXPENSE 

In  two  typical  office  buildings. 

where  the  small  filament  of  the  Mazda  C  lamp  is  the  light 
source,  such  fixtures  result  in  a  sharply  defined  circular 
area  of  illuminated  ceiling,  or  a  marked  edge  of  shadow 
cast  on  the  wall  by  the  rim  of  the  bowl.  One  stunt, 
therefore,  with  these  latter  types  of  fixtures  is  to  pro- 
vide in  the  fixture  an  adjustment  between  the  bowl  and 
lamp  socket  to  throw  shadows  at  the  least  conspicuous 
place,  and  to  take  care  of  different  lamp  sizes  or  varying 
hanging  heights.  An  improvement  in  the  appearance  of 
the  installation  where  the  open-bowl  type  of  fixture  is 
used  may  still  further  be  effected  by  using  supporting 
arms  that  are  thin  or  placed  edgewise  to  the  lamp,  or 
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which  spring  from  a  fixture  fcody  located  at  a  Httle  dis- 
tance from  the  ceiHng  on  a  single  stem  or  chain,  rather 
than  extending  from  the  glass  bowl  entirel)'  to  the  ceil- 
ing canopy. 

Sometimes  an  improvement  of  the  lighting  installa- 
tion results  merely  from  the  clever  adaptation  of  old  fix- 
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FIG.  3 — COMP.\RISON  OF  ILLUM1N.\TI0N  WITH  CLE.AN  AND 
DIRTY  GL.\SSWARE 

In  a  room  having  medium  yellow  walls  and  cream  ceiling. 

tures  to  new  tastes  and  conditions.  Such  a  change  is 
represented  by  the  installation  shown  in  Fig.  5.  This 
idea  of  securing  a  softer  quality  of  light  by  inverting 
the  reflectors  and  directing  the  light  to  the  ceiling  is  not 
new,  but  some  of  its  economical  features  may  be.  Thus, 
one  must  remember  that  the  gas-filled  lamp  does  not 
operate  as  well  when  burning  tip-up  as  when  hanging- 


wattage  for  certain  twilight  periods  and  to  a  large  ex- 
tent eliminates  shadows. 

In  the  office  building  there  are  problems  of  illuminat- 
ing small  shops  and  retail  stores  that  usually  occupy  the 
first  floor.  One  interesting  phase  of  this  class  of  light- 
ing is  involved  in  show  window  illumination,  and  Fig.  i 
illustrates  one  stunt  that  may  be  utilized  to  prevent  the 
glare  from  reflectors  and  lamps  located  in  a  corner  win- 
dow. Here  the  reflector-trough  along  the  side,  that 
would  otherwise  throw  light  directly  into  the  eyes  of 
observer  standing  in  front  of  the  window,  is  fitted  with 
baffle  plates  or  cross  bars  to  conceal  a  direct  exposure  of 
the  lamps.  These  bars  are  thin  plates  of  aluminum  or 
white-painted  sheet  metal,  edgewise  to  the  lamp,  and 
when  so  placed  intercept  only  the  lateral  light,  without 
afi'ecting  the  light  going  directly  to  the  goods  on  display. 

Finally,  the  office  building  that  is  efficiently  managed 
must  have  good  transportation  facilities.  Handling  the 
traffic  in  a  structure  rising  fifteen  to  thirty  stories  above 
the  street  is  admittedly  a  difficult  task.  Of  the  several 
factors  limiting  the  economic  height  of  such  structures. 


FIC.    4 — MODERN    OFFICE    LIGHTING 

Using  standard  units  which  are  easy  to  maintain. 

pendant ;  also  the  cost  of  lamp  and  current  makes  the 
expenditure  per  unit  of  light  greater  with  several  smaller 
than  with  the  equivalent  single  large  lamp.  On  the 
other  hand,  such  an  arrangement  of  four  lamps  per  fix- 
ture allows  of  a  flexible  use  of  one-half  of  the  installed 


By  inverting  the  old  reflectors  and  directing  the  light 
to  the  ceiling. 

the  elevators  are  perhaps  the  most  important.  These 
cars  must  run  on  a  schedule,  often  as  exacting  as  that  of 
an  interurban  railway,  and  without  question  lost  time 
in  elevator  service  is  lost  efficiency,  lost  satisfaction  and 
comfort  to  tenants,  lost  revenue.  Consequently,  for 
rapid  elevator  operation  it  is  necessary  to  have  the  very 
best  possible  lighting,  and  this  not  only  for  rapidity,  but 
also  for  safety.  Where  possible,  the  interiors  of  the  cars 
should  be  lightened  by  gray  or  cream  paint  on  the  upper 
portions  and  good,  adequate  lighting  fixtures  in  the  cars. 
These  are  but  suggestions  of  some  of  the  little  things 
that  the  practical  illuminating  engineer  will  keep  in  mind 
when  co-operating  with  the  architect  and  manager  to 
secure  a  modern  lighting  installation.  These  kinks  and 
stunts  may  serve  to  stop  little  leaks  and  effect  the  little 
savings  of  time  and  money  that,  taken  cumulatively, 
mean  a  material  reduction  of  the  total  office  building 
operating  expense. 
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Ross  L.  Baker 

Electrical  Engineer, 

Henry  L.  Doherty  &  Co. 


THE  upbuilding  of  power  load  by  central  stations  is 
a  rather  large  subject.  Probably  the  most  inter- 
esting phase,  the  most  remarkable  possibility  now 
open  to  the  small  central  stations  is  the  new  opportu- 
nity to  secure  power  loads  in  large  blocks  from  single 
customers.  The  company  ready  to  grasp  this  modern 
opportunity  can  place  itself  in  a  strategic  position  which 
v;ill  make  nearly  impossible  the  future  generation  of 
isolated  power  in  its  territory.  In  proof  of  this  opinion, 
but  one  citation  out  of  many  need  be  made.  This  exam- 
ple is  mentioned  because  most  of  the  constituent  com- 
panies were  very  recently  of  small  capacity  and,  to  super- 
ficial view,  located  in  a  limited  field.  ^ 

The  growth  of  the  power  business  of  Cities  Service 
Company  has  been  typical  of  the  recent  general  advance 
of  the  industry.  The  last  year  was  marked  by  the  most 
rapid  growth  of  business  in  the  history  of  the  properties. 
In  spite  of  the  large  addition  to  plant  equipment  last 
year,  this  company  has  been  compelled  to  place  orders 
for  additional  turbine  capacity  aggregating  200000 
horse-power.  This  includes  67  000  horse-power  for 
Toledo,  22  000  for  Warren,  O. ;  16  500  each  for  Denver, 
Col.,  and  Joplin,  Mo. ;  11  000  for  Elyria,  O.,  and  smaller 
units  for  almost  every  other  electric  property.  The 
combined  sales  of  electric  current  of  the  subsidiaries  in 
1916  were  375000000  kilowatt  hours,  or  113  000  000 
kilowatt  hours  greater  than  in  191 5,  an  increase  of  43 
percent.  During  the  year  the  companies  added  19978 
customers.  The  combined  sales  of  all  the  Ohio  sub- 
sidiaries were  54  percent  greater  for  the  twelve  months 
ending  February  28,  1917,  than  in  the  preceding  year. 
The  Massillon  (O.)  Company  had  doubled  its  capacity 
in  1914,  and  again  in  191 5.  Equipment  has  been  ordered 
which  will  more  than  double  the  present  capacity.  The 
Trumbull  Company,  at  Warren,  O.,  has  been  similarly 
called  upon  to  increase  its  turbine  capacity  from  10  500 
horse-power  to  23  000  horse-power,  and  the  Lorain 
Company,  of  Elyria,  O.,  from  9500  horse-power  to 
20  000  horse-power.  Work  on  a  new  power  station  for 
Toledo  has  been  started.  The  first  installation  will  be 
54000  horse-power.  The  output  is  now  practically 
three  times  as  great  as  when  Cities  Service  Company 
became  interested  four  years  ago.  The  sales  of  one  of 
the  properties  showed  an  increase  for  the  year  of  98 
percent. 

The  size  of  installation  of  a  modern  large  customer 
in  some  towns  of  moderate  size  would  be  a  source  of 
amazement  to  the  old-time  public  utility  manager.  One 
automobile    factory    with    central-station    service    uses 


10  000  horse-power;  steel  mills  range  from  1200  to  8000 
horse-power.  Several  flour  mills  have  600  horse-power. 
Lead  and  zinc  mines  go  as  high  as  2000  horse-power 
each.  A  railroad  shop  may  take  1500  horse-power. 
Such  customers  are  found  in  liberal  measure  in  the  cities 
having  a  population  of  from  five  to  twenty  thousand. 
One  tube  mill  in  a  city  of  thirty-five  thousand  population 
is  a  prospect  for  20  000  horse-power. 

The  development  by  the  average  central  station  of 
power  in  large  blocks  brings  with  it  the  necessity,  now 
more  than  ever  before,  for  the  close  examination  of 
the  financing  and  credit  of  the  applicant  for  large  power. 
The  prospective  customer  of  recent  growth  during  pros- 
perous times,  who  has  never  had  the  valuable  experience 
of  having  survived  a  panic  or  depression,  should  be 
studied  with  especial  care.  The  failure  on  the  part  of  a 
central  station  to  take  this  into  consideration  is  the  surest 
way  to  find  itself  later  with  a  large  investment  tied  up  in 
idle  capacity.  Many  of  the  industries  of  recent  growth 
can  afliord  to  take  a  longer  business  chance  than  the  cen- 
tral station ;  for  instance,  one  steel  mill  in  the  Ohio  dis- 
trict, using  2500  horse-power  in  electric  energy,  is  said 
to  have  earned  enough  last  year  to  pay  off,  out  of  the  net 
profits,  the  entire  cost  of  construction.  This  is,  of 
course,  much  better  than  the  electric  central  station  sup- 
plying that  mill  can  do  out  of  its  net  profits,  on  the 
investment  required  to  handle  the  mill. 

A  high  order  of  courage  is  required  of  the  average 
public  utility  manager  in  making  rates  to  care  for  large 
blocks  of  power.  One  central  station  which  had  for 
many  years  been  conducted  as  a  moderate-sized  business, 
with  a  limited  power  load,  was  suddenly  confronted  with 
the  opportunity  of  taking  on  its  first  steel  mill.  It  was 
compelled  to  make  a  rate  which,  at  that  time,  was  con- 
siderably less  than  the  production  cost  on  its  switch- 
board. Within  twelve  months  this  company  had  doubled 
its  output  and,  with  a  60  percent  load  factor,  had  cut  its 
cost  of  production  in  half  and  was  earning  a  very  lib- 
eral net  profit  above  all  interest  charges  both  old  and 
new.  The  management  which  had  the  courage  to  make 
low  power  rates  for  large  power  business  back  in  1913 
and  1914  is  now  called  upon,  however,  to  exercise  con- 
siderable caution  to  assure  that  adequate  power  rates  are 
obtained  and  that  an  easy  thing  be  not  made  of  the 
central  station  company  under  the  present  cost  of  com- 
petitive power. 

The  very  general  argutnent  is  encountered  that  the 
present  is  a  time  to  take  on  all  the  power  business  offered 
as.  otherwise,  other  than  electric  drive  will  be  installed, 
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which  it  will  require  years  of  future  effort  to  displace. 
We  have  never  felt  that  this  policy  demanded  the  taking 
on  of  business  without  a  fair  profit  under  present  market 
conditions.  In  one  of  the  largest  manufacturing  states 
of  the  middle  west  the  securing  of  an  adequate  increase 
in  rates  merely  involved,  as  a  preliminary,  the  filing  of  a 
new  power  schedule  which  the  Public  Service  Commis- 
sion tentatively  accepts  until  valid  and  reasonable  objec- 
tions are  ofifered.  Very  little  objection  is  contemplated 
from  large  manufacturers  who  are  thoroughly  con- 
versant with  present  conditions. 

One  of  the  readiest  methods  of  protection  in  large 
contracts  is  the  incorporation  of  a  coal  clause  providing 
for  a  higher  or  lower  rate,  according  to  the  market  price 
of  a  certain  standard  coal.  It  is  generally  agreed,  how- 
ever, that  this  is  not  sufficient  by  itself  to  care  for  the 
increased  interest  charges  on  new  equipment  and  to  meet 
the  higher  labor  cost  in  power  manufacture.  The  coal 
clause  usually  offers  an  upper  and  a  lower  limit  for  the 
price  of  a  standard  coal.  Outside  these  limits  a  one 
percent  increase  or  decrease  in  the  power  charge  is  pro- 
vided for  each  few  cents  advance  or  recession  in  the  cost 
of  this  delivered  coal.  This  is  irrespective  of  the  kind 
of  coal  which  may  be  in  actual  use.  It  is  now  customary 
to  allow  a  definite  percent  discount  by  steps  for  improve- 
ment in  power-factor  beyond  a  predetermined  factor  and 
to  exact  a  penalty  for  the  factor  that  is  too  low.  The 
power-factor  discount  is  particularly  applicable  to  steel 
mill  business,  the  coal  clause  to  all  classes  of  business, 
and  both  modifications  of  the  power  contract  are  coming 
into  general  use  throughout  the  Ohio  district. 

The  usual  rate  of  charging,  throughout  one  organi- 
zation at  least,  is  through  a  demand  rate  plus  a  consump- 
tion rate,  as  for  instance,  one  dollar  per  kilowatt  of  de- 
mand plus  one  cent  per  kilowatt-hour  for  primary 
service,  although  there  is  a  strong  tendency  to  displace 
with  a  rate  which  reads  more  directly  in  terms  of  the 
hours'  use  of  the  demand.  A  ten  percent  discount  oft' 
the  entire  bill  is  customarily  allowed  for  payment  within 
ten  days,  and  either  further  discounts  or  reduced  stated 
demand  charges  are  in  effect  for  successive  additional 
increments  of  the  demand.  The  customer's  demand  is 
continually  measured  by  a  recording  roll  kilowatt  de- 
mand meter  which  is  owned  by  the  company.  The  de- 
mand may  be  taken,  for  instance,  as  the  highest  average 
thirty-minute  demand  per  month  or  as  the  average  of  the 
three  highest  one-minute  demands  per  month,  but  is  very 
seldom  based  upon  a  single  high-demand  fluctuation. 

Most  power  in  large  quantities  is  sold  as  primary 
service  at  2300  volts.  The  substation  building,  the  step- 
down  transformers,  the  2300  volt  wholesale  panel  and 
meter,  measuring  at  2300  voUs,  being  owned  by  the  com- 
pany; the  other  panels  and  further  reducing  trans- 
formers being  owned  by  the  customer.  The  steel  frame, 
corrugated  enclosed  substation  appears  as  yet,  in  the 
North,  to  be  more  popular  than  the  outdoor  type.  Elec- 
tric railways  are  purchasing  the  high-tension  transmis- 
sion current  direct,  and  steel  mills  are  beginning  to  make 
inquiries  as  to  rates  for  this  kind  of  service. 


During  a  period  when  large  power  business  is  being 
forced  upon  the  companies,  and  additional  equipment  is 
difficult  to  get,  one  policy  of  conserving  much  of  the 
business  should  receive  careful  consideration.  This  is 
the  policy  of  handling  such  business  temporarily  on  the 
central  station's  reserve  capacity.  Power  contracts 
should  provide  that  such  business  is  taken  strictly  at  the 
customer's  risk,  as  to  breakdown  of  the  central  station's 
reserve  capacity,  and  the  customer  should  be  advised  to 
keep  his  own  steam  reserve  in  readiness,  if  he  has  such 
reserve.  A  new  customer  will,  in  general,  readily  under- 
stand that  the  first  duty  of  a  central  station  under  such 
conditions  is  to  protect  its  old  customers.  The  taking 
of  power  contracts  on  reserve  capacity  is  necessarily  a 
temf>orary  arrangement,  forced  by  immediate  high 
prices  of  equipment  and  long  delivery.  Provision  can 
be  made  for  additional  capacity  when  normal  conditions 
permit  and  the  stability  of  the  central  station's  maximum 
demand  is  proven. 

The  interconnection  of  steam  systems  offers  some 
wonderful  opportunities  for  the  saving  of  reserve  ca- 
pacity and  some  companies  are  able  to  justify  quite  long 
transmission  lines  by  investment  saving  alone. 

It  seems  obvious  that  the  first  requisite  in  the 
acquisition  of  large  blocks  of  power  is  an  economical 
plant.  Every  experienced  central  station  man  will  recall 
dozens  of  instances  in  present  or  potential  manufactur- 
ing cities  where  the  central  station  is  so  located  that 
neither  facilities  for  expansion  nor  adequate  condensing 
water  from  flowing  streams  is  available.  A  high  busi- 
ness courage  is  required  to  abandon  absolutely  an  unfa- 
vorable location  when  a  favorable  location  is  available, 
for  the  success  of  the  central  station  in  the  long  run  con- 
sists of  enjoying  advantages  which  the  prospective  cus- 
tomers do  not  have,  and  the  stronghold  of  electric  power 
is  to  permit  new  industries  to  locate  on  sites  unfavorable 
for  isolated  power  generation.  Surely,  with  the  many 
examples  before  our  eyes  today  of  rapid  electrical  devel- 
opment, a  central  station  manager  in  a  manufacturing 
city  has  little  cause  to  doubt  a  great  future  if  he  is  fa- 
vorably situated  physically  to  grasp  the  opportunity. 

A  large  measure  of  success  in  the  acquisition  of 
power  business  does,  and  probably  always  will,  depend 
upon  the  treatment  and  handling  accorded  by  the  com- 
pany to  its  power  engineers  or  representatives.  If  a 
definite  salarj'  and  schedule  of  commissions  has  been 
agreed  upon  with  a  representative  during  lean  years,  the 
commission  should  not  be  cut  when  the  representative 
begins  to  be  highly  successful.  Where  the  business  in  a 
single  city,  controlled  by  an  operating  syndicate,  is  not 
sufficient  to  receive  the  full  time  of  a  high-grade  power 
man,  he  can  very  profitably  be  permitted  to  extend  his 
activities  to  neighboring  cities  controlled  by  the  syndi- 
cate. This  is  much  preferable  to  two  lower-priced  men 
in  each  property.  There  is  no  part  of  the  electric  busi- 
ness where  quality  and  personality  count  for  more  or 
where  a  man  is  more  needed  who  is  capable  of  mingling 
on  terms  of  equality  with  able  manufacturers.  If  the 
power  prospects  are  scattered  over  a  wide  area  the  rep- 
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resentative  should  have  a  car.  The  poHcy  of  ownership 
of  machine  by  the  salesman,  with  partial  operating  ex- 
penses paid  by  the  company,  has  proved  most  successful. 
The  necessity  for  the  machine  will  be  observed  when  it 
is  realized  that  the  salesman's  relations  with  the  cus- 
tomer should  not  end  with  the  closing  of  the  contract. 

We  have  always  laid  strong  stress  upon  the  necessity 
for  each  company  developing  its  own  power  representa- 
tives, men  who  would  not  start  out  half  beaten  with  the 
idea  that  it  is  necessary  to  make  a  rate  which  would 
figure  lower  than  the  manufacturer's  coal  bill  in  order 
to  get  business.  Salesmanship  is  not  required  in  order 
to  give  something  away.  A  good  salesman  should  be 
imbued  primarily  with  the  idea  of  the  service  and  con- 
venience of  electric  power,  and  secondarily,  with  its  cost. 
A  picture  of  the  ideal  power  representative  is  a  hard 
one  to  draw.  To  handle  big  business  it  is  necessary  that 
he  acquire  the  habit  of  thinking  in  large  units  and  in 
overall  results.  He  must  not  let  his  saturation  with 
the  preliminary  detail  work,  whereby  he  draws  his  final 
conclusions,  prevent  him  from  presenting  those  conclu- 
sions as  a  whole  to  the  customer.  They  should  be  with- 
out other  detail  than  that  in  which  the  customer  is 
known  to  be  interested. 

In  one  instance  a  power  representative  in  the  Joplin 
lead  and  zinc  district  worked  for  two  years  to  land  a 
thousand  horse-power  mine  contract,  the  greater  portion 
of  which  was  pumping  load.  His  efforts  were  witho/.; 
result  until  a  new  representative,  taking  up  the  work, 
discovered  that  this  executive  did  all  his  figuring  and 
bookkeeping  in  cents  per  gallon  for  his  particular  lift. 
It  was  easy  for  this  representative,  without  taking  any 
risk  and  at  regular  rates,  to  guarantee  that  the  water 
could  be  lifted  electrically  for  considerably  less  in  cents 
per  gallon  than  the  figure  quoted  by  the  executive,  who 
closed  the  contract  at  once.  This  case  seems  very  sim- 
ple, but  it  illustrates  a  fundamental  difficulty  in  the 
mental  process  that  some  power  men  need  to  overcome, 
that  of  taking  the  customer's  viewpoint. 

It  may  be  interesting  to  mention  that  power  repre- 
sentatives in  the  Doherty  organization  are  very  often 
electrical  engineering  graduates  who  have  supplemented 
their  college  work  with  a  two  years'  course  in  the  School 
of  Practice,  either  at  Denver  or  Toledo.  These  schools 
have  been  a  regular  institution  since  1905.  About  one 
hundred  young  engineers  will  enter  them  next  June. 
During  the  two  years'  course  the  engineer  gets  a  chance, 
for  a  few  weeks,  at  each  of  about  fifteen  practical  jobs 
from  wiping  machinery  to  accounting  and  salesmanship, 
and  from  these  graduates  a  high  proportion  of  the 
Doherty  executives  have  since  been  developed.  It  has 
sometimes  been  surprising  how  quickly  some  young  men, 
working  on  small  power  contracts,  have  acquired  the 
poise  and  straight  thinking  needed  to  deal  with  big  busi- 
ness.   This  has  probably  been  the  best  preliminary  train- 


ing. In  general,  the  most  complex  power  problems  have 
been  expressed  in  the  most  simple  and  lucid  terms.  The 
self-possessed  type  of  representative  who  has  seen  this, 
and  taken  care  not  to  let  his  conversation  or  report  leap 
ahead  of  the  comprehension  of  the  man  addressed,  has 
apparently  gone  the  farthest. 

We  feel  that  a  large  measure  of  the  Doherty  organi- 
zation's success  in  securing  power  business  has  been  due 
to  the  fact  that  so  many  of  the  general  managers  have 
had  active  training  in  getting  power  business  before  they 
had  become  managers,  and  that  they  make  it  a  practice 
to  go  out  with  power  representatives  as  qualified  experts 
when  the  need  arises.  The  handling  of  power  business 
is  a  major  part  of  the  average  general  manager's  duty, 
and  a  very  able  power  representative  is  looked  upon  as  a 
potential  manager. 

In  developing  virgin  power  territory,  such  as  the 
Joplin  mining  district  and  the  Mansfield  (O.)  general 
manufacturing  district,  we  have  relied  at  the  start  upon 
vigorous  and  pointed  newspaper  advertising  in  order  to 
create  discussion,  to  develop  a  power  atmosphere,  and 
to  open  the  way  for  the  personal  call  of  the  power  rep- 
resentative. We  have  not  hesitated  to  take  a  full  page  in 
each  daily  for  .this  purpose,  and  a  different  advertise- 
ment would  appear  in  each  paper  and  be  changed  daily. 
The  money  is  well  expended  if  this  be  persistently  con- 
tinued for  a  considerable  period.  It  draws  out  the  full 
co-operation  of  the  newspapers  and  places  the  company 
strongly  in  the  limelight  as  a  booster  for  the  town.  In 
writing  these  advertisements,  two  things  seem  essential ; 
first,  to  talk  to  the  customer  as  a  good  power  representa- 
tive talks,  in  language  and  units  that  the  manufacturer 
can  understand  and  which  he  daily  uses  in  his  business, 
and  in  terms  of  local  conditions ;  second,  that  but  one 
idea  should  be  chosen  each  day  and  the  "ad"  written 
around  that.  These  single  ideas  would  include  such 
effective  arguments  as,  for  instance,  convenience,  con- 
tinuous service,  easy  increase  of  capacity,  lower  cost  of 
installation,  direct  application  of  power  in  quantity  de- 
sired, and  elimination  of  boiler  explosions.  In  some 
cities,  playing  up  the  "smokeless  town"  idea  should  be 
of  great  value. 

We  have  found  that  forceful  advertising  acts  as  the 
salesman's  card  of  admission,  even  to  the  biggest  pros- 
pects. This  has  held  particularly  in  the  new  territory, 
where  the  conversation  is  often  opened  by  the  manufac- 
turer's reference  to  the  "ads,"  provided  they  have  been 
spectacular  enough  to  attract  attention.  The  serious, 
single-minded  eflfort  of  the  representative  to  face  facts 
as  they  are  and  to  perform  a  real  and  valuable  service 
for  the  manufacturer  in  the  study  of  his  power  problem 
has  generally  been  the  one  additional  thing  needed  to 
enlist  the  warmest  co-operation.  Much  business  has 
seemed  to  come  like  a  landslide  after  the  first  influential 
customers  had  been  secured. 


Load  Clmvactophtlc^  ©f  Soiiae  Large 


George  E.  McKana 

Assistant  Statistician, 

Commonwealth  Edison  Company 


SHORTLY  after  the  Commonwealth  Edison  Com- 
pany had  started  to  supply  power  to  the  electric 
street  railways  of  Chicago  a  contract  was  entered 
into,  based  on  the  Hopkinson  maximum  demand  method 
of  charging  and,  to  avoid  an  unusually  high  peak  having 
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FIG.    I — LOAD   CURVE  OF   A   TYPICAL   DEPARTMENT    STORE 

too  great  an  effect  on  the  demand  charge,  the  maximum 
was  defined  as  the  highest  average  of  the  six  morning 
and  afternoon  one-hour  peaks  on  three  consecutive  days. 
At  the  time  the  contract  was  made,  the  only  way  the 
one-hour  output  could  be  obtained  was  by  having 
someone  read  the  watt-hour  meters  hourly.  This  was 
unsatisfactory  on  account  of  the  labor  involved,  and  the 
difficulty  in  having  the  readings  taken  exactly  on  the 
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FIG.   2 — TYPICAL  LOAD  CURVE  OF  A  LARGE  RAILWAY   SUPPLY 
MANUFACTURING  PLANT  AND   FOUNDRY 

hour.  The  need  for  an  instrument  to  take  the  readings 
automatically  was  recognized.  Such  an  instrument  was 
developed,  and  the  present  printometer  attachment  to 
watt-hour  meters  provides  a  very  satisfactory  solution. 
The  Hopkinson  method  of  charging  for  energy  for 
large  users  of  power  was  adopted  some  time  after  rail- 


way energy  was  being  successfully  sold  on  this  basis, 
and  the  company  now  has  a  large  number  of  customers 
on  this  basis,  with  printometers  installed  and  set  to  print 
the  reading  of  the  meter  on  a  paper  tape  every  half 
hour.    By  means  of  these  tapes,  load  curves  for  the  dif- 
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FIG.  3 — LOAD  CURVES  OF  TWO  DIFFERENT  TYPES  OF   HOTELS 

ferent  customers  are  readily  drawn,  and  the  character- 
istics of  the  different  consumers  in  regard  to  their  use 
of  energy  can  be  studied.  A  few  typical  load  diagrams 
of  customers  on  the  lines  of  the  Chicago  company  are 
given  herewith. 

In  Fig.  I  is  shown  the  load  of  a  large  department 
store  in  the  downtown  district  for  a  December  day.  The 
load  is  practically  constant  during  the  entire  time  the 
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FIG.  4 — TYPICAL  LOAD  CURVE  OF  A   MACHINE  SHOP  AND 
TOOLMAKING  CONCERN 

Store  is  open.  About  one-fourth  of  the  energy  taken 
is  used  by  the  elevators.  The  noon  dip  that  is  charac- 
teristic of  most  manufacturing  businesses  is  absent. 

The  curve  show^n  by  Fig.  2  is  for  a  large  railway 
supply  manufacturer  and  foundry.  The  load  is  heavy 
in  the  afternoon,  due  to  the  operations  of  the  blower 
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motors  in  the  foundry.  One  of  the  characteristics  of 
this  class  is  the  rapid  falHng  ott  in  load  at  the  time  the 
general  lighting  load  is  coming  on. 

Two  different  types  of  hotels  are  shown  in  Fig.  3, — a 
large  downtown  hotel  with  a  heavy  demand,  except  for 
a  few  hours  in  the  early  morning,  and  a  family  hotel 
in  the  outlying  residence  portion  of  the  city  with  no 
other  buildings   near   it.   and   all   outside   rooms.     The 
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are  issued.  The  peak  at  10  P.  M.,  on  the  morning 
paper  curve,  is  for  the  midnight  or  first  edition,  that  is, 
papers  sent  to  points  that  are  a  night's  ride  from  the 
city. 

In  Fig.  7  is  shown  the  load  curve  of  a  commissary 
and  bakery  run  in  connection  with  a  chain  of  restaurants 
in  different  parts  of  the  city.  Power  is  used  for  numer- 
ous purposes   in  connection   with  the  bakery ;  also   for 
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FIG.    5 — TYPICAI,    LOAD    CURVE    FOR    AN    ICE 
MANUFACTURING  PLANT 

■curve  in  the  latter  case  shows  a  decided  evening  peak, 
lighting  being  a  larger  proportion  of  the  total  load  than 
power. 

The  load  curve  given  in  Fig.  4  is  of  especial  interest 
in  that  it  shows  the  maximum  demand  of  a  machine 
shop  and  tool-making  concern  which  has  so  arranged  its 
-work  as  to  be  able  to  take  advantage  of  the  off-peak 
rates  offered  to  customers  who  do  not  use  energy  from 
4  to  8  P.  M.  during  winter  months. 

The  demand  of  energy  for  the  manufacture  of  ice 
during  the  summer  months  is  shown  in  Fig.  5,  the  load 
being  nearly   constant   for  the  24  hour  period.     This 
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FIG.   6 — TYPICAL   LOAD  CURVE  OF  \   NEWSPAPER   ESTABLISHMENT 

•class  of  business  is  very  desirable,  as  it  is  to  a  very  large 
•extent  summer  business.  It  helps  to  improve  the  com- 
pany's load  factor  and  does  not  increase  the  maximum. 
A  comparison  of  the  requirements  of  a  morning  and 
evening  newspaper  is  shown  in  Fig.  6.  The  different 
peaks  show  the  time  the  different  editions  of  the  paper 


FIG.   7 — TYPICAL   LOAD  CURVE  OF  A   COMMISSARY   AND   BAKERY 
FOR  A   CHAIN   OF  RESTAURANTS 

refrigeration  and  vehicle-battery  charging.  This  de- 
mand, in  combination  with  the  light  used,  gives  a  very 
good  load  factor. 

The  demand  for  electric  automobile  charging  by  a 
public  garage  is  shown  in  Fig.  8.  This  is  another  class 
of  business  that  is  very  desirable  from  the  central  sta- 
tion point  of  view,  as  it  is  off-peak  at  all  times  during 
the  year.  It  represents  a  field  for  central-station  energy 
which  is  largely  undeveloped,  and  which  has  great  pos- 
sibilities. 

Studies  such  as  these  are  useful  in  enabling  the  "en- 
gineering of  selling"  in  the  electric  central-station  utility 
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FIG.  8 — TYPICAL  LOAD  CURVE  OF  A  PUBLIC  G.\RAGE 

to  be  carried  out  on  a  rational  and  scientific  basis.  They 
represent  the  advance  that  has  been  made  in  plans  of 
selling  electrical  energy  when  compared  with  the  more 
haphazard  methods  of  an  earlier  day.  No  doubt,  still 
greater  progress  in  analytical  work  of  this  kind  will  be 
made  in  the  future. 


W.  A.  McKay  and  A.  F.  Folz 
Westinghouse  Lamp  Company 


THE  following  paragraphs  touch  briefly  on  some  of 
the  more  important  developments  in  the  use  of 
incandescent  electric  lamps  and  describe  the  lamps 
which  have  been  developed  and  placed  on  the  market 
within  the  past  year. 

MAZDA  C-2    (daylight)    LAMP 

The  Mazda  C-2  lamp  has  been  developed  to  meet  the 
demand  for  a  satisfactory,  inexpensive  illuminant  pro- 
ducing light  of  approximate  average  daylight  quality. 
For  accurate  color  matching  the  light  should  be  of  the 
same  quality  as  north  sky  light,  but  in  many  cases,  such 
as  in  general  illumination  of  a  drygoods  store  or  a 
printing  establishment,  light  of  the  quality  of  average 
day  light,  which  is  not  quite  so  blue,  is  satisfactory. 

Color-matching  units  using  arc  or  incandescent 
lamps  and  filters  of  glass  or  gelatine  for  modifying  the 
light  to  the  desired  quality  have  been  available  for  some 
time,  but  these  are  essentially  local  lighting  units  and 
are  limited  in  their  use  to  color-matching  rooms  and 
booths.  For  general  illumination  with  light  of  average 
daylight  quality  Mazda  C  lamps  in  enclosing  globes  of 
bluish  glass  have  been  used.  There  was,  however,  a 
demand  for  a  lamp  which  would  produce  light  of  aver- 
age daylight  quality  without  the  use  of  additional  modi- 
fying devices,  and  efforts  were  therefore  directed  to- 
wards the  production  of  a  glass  bulb  for  the  Mazda  C 
lamp  which  would  in  itself  act  as  a  filter  for  modifying 
the  light  to  the  desired  color.  The  result  of  this  research 
was  the  bluish  bulb  now  used  in  the  Mazda  C-2  lamp. 
This  lamp  may  be  used  in  direct,  semi-direct  or  indi- 
rect lighting  fixtures  exactly  as  the  clear  Mazda  C  lamp 
is  used  and  will  produce  light  which  approximates  aver- 
age daylight  very  closely,  provided  the  glassware  or 
reflector  used  has  not  in  itself  color-modifying  qualities, 
and  in  the  case  of  semi-indirect  and  indirect  lighting 
provided  the  ceiling  and  walls  are  white. 

The  Mazda  C-2  lamp  is  particularly  valuable  for  use 
in  offices  where  the  natural  illumination  is  insufficient 
toward  the  end  of  the  working  day  and  it  is  necessary  to 
use  artificial  light.  Under  such  conditions  the  additional 
illumination  produced  by  the  Mazda  C-2  lamp  seems  to 
blend  with  the  daylight,  and  the  observer  is  unconscious 
of  the  artificial  lighting  system  because  the  natural  light 
and  artificial  light  are  of  substantially  the  same  color. 

MAZDA  C-3    (photographic)    LAMP 

Although  incandescent  filament  lamps  of  the  Mazda 
B  or  vacuum  type  had  not  been  used  very  largely  in 
photographic  work  because  of  the  relatively  low 
actinicity  of  the  light,  it  was  found  that  the  Mazda  C 


lamp  successfully  met  the  requirements  of  this  class  of 
work.  Because  this  type  of  lamp  can  be  operated  from 
any  lighting  circuit ;  because  there  is  no  mechanism  to 
get  out  of  order,  and  because  the  light  may  be  very 
efficiently  controlled  by  means  of  reflectors,  efforts  were 
soon  made  to  use  the  lamp  in  portraiture  and  other 
studio  work. 

After  considerable  experimental  work  to  determine 
the  requirements  of  a  light  source  for  such  work,  the 
bulb  of  the  Mazda  C-3  or  photographic  lamp  was  devel- 
oped. The  bulb  is  of  a  special  bluish  glass,  which  per- 
mits the  actinic  radiation  from  the  filament  to  pass  with 
but  little  loss,  but  filters  out  the  red,  orange  and  yellow 
rays  in  such  proportion  that  the  quality  of  the  light  is 
much  the  same  as  that  of  daylight.  Furthermore,  the 
actinic  value  of  the  light  is  approximately  the  same  as 
that  of  daylight,  and  the  time  of  exposure  for  equal  in- 
tensities of  diffused  daylight  and  the  light  of  the  Mazda 
C-3  lamp  is  therefore  practically  the  same.  This  is  of 
great  value,  particularly  when  the  Mazda  C-3  lamp  is 
used  to  supplement  daylight  on  cloudy  days  or  late  in  the 
afternoon. 

LAMPS    IN    AMBER    BULBS 

The  constant  increase  in  the  efficiency  and  the  cor- 
responding increase  in  the  intrinsic  brilliancy  of  Mazda 
lamps  has  largely  been  responsible  for  the  introduction 
of  the  indirect  and  semi-indirect  fixtures  in  which  the 
light  source  itself  is  concealed.  Although  such  units 
serve  their  purpose  admirably,  there  are  many  to  whom 
the  relatively  white  light  of  the  Mazda  lamp  has  seemed 
to  be  unsuited  for  the  best  decorative  effect  for  home 
use,  unless  modifying  devices,  such  as  shades  of  colored 
materials,  are  used.  The  desire  seems  to  be  for  light 
which  is  somewhat  warmer  than  the  light  of  the  Mazda 
lamp,  and  this  subject  is  now  being  investigated  with  a 
view  of  determining  whether  a  quality  of  light  which 
will  be  satisfactory  in  most  cases  can  be  obtained  by  the 
use  of  amber  or  other  yellowish  bulbs.  By  means  of 
such  bulbs  it  is  possible  to  simulate  the  color  of  the 
kerosene  flame  or  the  color  of  the  carbon  filament  lamp. 

It  is  probable,  however,  that  no  definite  line  of  lamps 
will  be  produced  with  these  characteristics  until  the 
various  committees  of  electrical  societies,  including  the 
National  Electric  Light  Association,  have  agreed  on 
some  color  or  colors  which  will  be  most  suitable. 

FLOOD   LIGHTING 

What  was  probably  the  first  important  example  of 
flood  lighting  was  the  illumination  of  the  tower  of  the 
Singer  Building  in  New  York  City  in  1909  by  arc  search- 
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lights.  Tlie  use  of  this  form  of  Hghting  then  spread 
slowly  until  the  opening  of  the  Panama-Pacific  Expo- 
sition, where  flood  lighting  was  very  widely  used  in  the 
production  of  some  of  the  most  beautiful  lighting  eiYects. 
Since  the  Exposition  the  application  of  this  method  of 
lighting  has  spread  with  great  rapidity,  until  at  present 
there  is  hardly  a  city  or  town  in  the  country  without  its 
flood-lighted  monument  or  public  building.  The  very 
rapid  progress  in  the  use  of  flood  lighting  has  been  due 
to  the  development  of  very  efficient  concentrated  fila- 
ment Mazda  C  lamps,  which  provide  a  very  much  more 
satisfactory  light  source  than  the  arc  lamp.  The  prin- 
cipal difficulty  experienced  in  flood  lighting  by  means  of 
arc  searchlights  is  the  necessity  of  continual  adjustment 
of  the  lamp.  With  the  use  of  incandescent  lamps  in  the 
newer  types  of  flood-lighting  projectors  this  difficulty 
has  been  overcome,  and  flood-lighting  units  using  Mazda 
C  lamps  do  not  require  any  attention  whatever  except 
for  occasional  cleaning  and  replacing  burned-out  lamps. 

While  flood-lighting  units  are  a  great  advantage  and 
possess  a  great  degree  of  usefulness  in  the  illumination 
of  buildings  and  monuments  at  night,  they  are  also  very 
useful  for  other  purposes.  This  method  of  lighting  has 
been  used  for  outdoor  theatrical  performances  and 
pageants,  and  also  for  lighting  tennis  courts,  snow  slides, 
skating  ponds  and  bathing  beaches.  Another  field 
which,  from  the  commercial  standpoint,  is  very  im- 
{)ortant  is  the  illumination  of  signs  and  other  advertising 
devices,  particularly  when  these  are  in  rather  inaccessible 
places.  By  means  of  flood-lighting  units  placed  at  a  dis- 
tance they  may  now  be  lighted  at  very  small  initial 
expense  and  for  very  moderate  maintenance  cost,  con- 
sidering the  value  of  the  advertising  obtained. 

A  recent  and  very  important  use  of  flood  lighting  is 
for  the  illumination  after  dark  of  the  vicinity  of  fac- 
tories engaged  in  making  munitions,  of  railroad  yards 
and  wharves,  and  of  bridges  and  other  points  of  military 
importance  which  must  be  protected  against  intruders. 
Under  the  circumstances,  it  is  essential  that  the  lighting 
be  adequate  and  so  arranged  that  the  units  are  protected 
against  injuries  which  might  cause  the  failure  of  the 
system  at  a  critical  moment.  Flood  lighting,  therefore, 
is  usually  to  be  preferred  to  lighting  by  means  of  local 
units,  which  may  be  tampered  with,  since  the  flood- 
lighting projectors  may  be  mounted  at  a  considerable 
distance  from  the  area  to  be  illuminated  and  adequately 
protected  from  injury. 

STEREOPTICON    LAMPS 

\\ithin  the  past  year  many  small  portable  motion 
picture  and  lantern  slide  projection  outfits  have  been 
placed  on  the  market.  Some  of  these  equipments  are 
designed  for  home  use,  but  others  are  designed  primarily 
for  the  use  of  salesmen,  who  can  now  show  a  prospective 
customer  motion  pictures  of  the  actual  operation  of  a 
large  machine,  such  as  a  steam  shovel  or  tractor.  These 
portable  equipments  are  also  very  useful  to  lecturers, 
who  have  been  hitherto  restricted  by  the  necessity  of 
using  cumbersome  and  inefficient  projection  devices  in 


their  work.  The  lamps  used  are  of  the  Mazda  C  stere- 
opticon  type,  with  very  closely  concentrated  filaments, 
and  may  be  operated  from  the  ordinary  lighting  circuits. 

TR.MN-LIGHTING   LAMPS 

The  use  of  the  incandescent  electric  lamp  for  the 
illumination  of  railway  cars  has  progressed  to  such  a 
point  that  such  lighting  may  be  considered  standard 
practice  so  far  as  new  cars  are  concerned.  The  advan- 
tages of  such  lighting  over  lighting  by  means  of  oil  or 
gas  lamps  are  so  great  that  many  railroads  have  not 
only  standardized  this  system  for  new  cars,  but  are 
changing  over  the  equipments  of  old  cars  as  rapidly  as 
possible.  The  traveling  public  now  demands  better  light- 
ing in  railway  cars,  and  many  sizes  of  Mazda  lamps  have 
been  designed  to  meet  the  requirements  of  railway  engi- 
neers. The  most  recent  additions  to  the  lamps  available 
for  this  purpose  are  the  Mazda  C  lamps  rated  at  40,  75 
and  100  nominal  watts.  These  lamps  will  make  it  possi- 
ble to  obtain  better  illumination  than  has  been  attained 
in  the  past,  since  the  light  output  per  watt  is  greater 
with  these  lamps  than  with  the  Mazda  B  lamps,  and  it 
will  therefore  be  possible  to  obtain  more  light  for  the 
same  energy.  This  is  of  great  importance,  because  the 
size  of  generating  equipments  is  necessarily  restricted  by 
conditions  that  obtain  in  this  service. 

HEADLIGHT    LAMPS 

A  great  deal  of  attention  has  been  devoted  to  the  sub- 
ject of  providing  satisfactory  headlights  for  railway 
trains.  This  has  resulted  in  the  development  of  very 
efficient  incandescent  lamps  designed  especially  for  such 
service.  Experiments  made  on  various  types  of  head- 
lights have  proved  that  headlights  using  incandescent 
lamps  of  the  Mazda  C  or  gas-filled  type,  with  very 
closely  concentrated  filaments,  are  more  efficient  and 
economical  than  those  employing  oil  or  acetylene  flames. 
The  closely  concentrated  filament  makes  it  possible  to 
design  reflectors  which  control  the  light  much  more 
efficiently  than  could  be  done  with  a  more  extended  light 
source,  such  as  the  oil  flame.  Furthermore,  since  it  is 
not  necessary  to  cut  away  part  of  the  reflector,  as  with  a 
flame  source,  more  of  the  light  from  the  lamp  is  picked 
up  by  the  projector. 

150  WATT   MAZDA   C  LAMP 

Owing  to  the  growing  demand  for  a  150  watt  Mazda 
C  lamp  for  use  on  circuits  of  no  to  125  volts,  a  lamp  of 
this  size  has  recently  been  placed  on  the  market.  The 
lamp  is  made  in  the  "PS-25"  bulb,  which  is  the  same  size 
as  that  of  the  present  100  watt  Mazda  C  lamp,  and  it 
may  therefore  be  used  in  fixtures  designed  for  the  100 
watt  lamp.  A  lamp  of  this  size  should  prove  particu- 
larly useful  in  those  cases  where  the  present  100  watt 
lamps  do  not  provide  enough  light,  and  the  200  watt 
lamps  provide  somewhat  too  much.  Furthermore,  it  will 
produce  approximately  25  percent  more  light  of  better 
quality  than  the  150  watt  Mazda  B  lamp,  which  is  now 
practically  obsolete. 
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LAMPS  FOR  COUNTRY  HOME  LIGHTING 

During  the  past  year  many  manufacturers  have 
placed  on  the  market  small  lighting  equipments  for  farm 
and  country  home  lighting,  and  in  order  to  meet  the  de- 
mand of  this  new  field  a  number  of  lamps  designed  par- 
ticularly for  this  service  have  been  standardized.  In 
most  cases  the  equipment  consists  of  a  gasoline  or  kero- 
sene motor,  a  generator,  a  switchboard  and  a  number  of 
storage  cells,  usually  i6  in  number.  The  lamps  have 
therefore  been  designed  to  operate  on  i6  cells  of  lead- 
plate  type  storage  battery  and  include  the  following 
lamps : — 5,  10,  20  and  40  watt  Mazda  B  lamps  and  50, 
75  and  100  watt  Mazda  C  lamps.  The  isolated  farm  or 
country  dwelling  may  now  enjoy  the  advantages  of  the 
electric  light  and  power  and  also  make  use  of  flatirons, 
vacuum  sweepers,  etc.,  which  have  also  been  designed 
especially  for  operation  from  this  type  of  lighting  plant. 

VOLTAGE    STANDARDIZATION 

In  the  early  days  of  incandescent  lamp  manufacture, 
when  the  carbon  filament  lamp  was  the  standard  lamp, 
it- was  found  very  difficult  to  manufacture  lamps  to  pro- 
duce a  certain  candle-power  at  a  certain  voltage.  As  a 
result  the  voltage  range  was  from  100  to  130  volts,  and 
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FIG.   I — PERCENTAGE  DEM.AND  FOR  L.\MPS   OF  DIFFERENT 
VOLTAGES  IN   I916 

the  various  central  stations  accommodated  themselves  to 
this  condition  by  adopting  voltages  within  this  range. 
With  the  Mazda  lamp,  however,  filament  manufacture 
has  been  brought  to  such  a  degree  of  perfection  that  it 
is  now  possible  to  manufacture  lamps  to  operate  at  any 
predetermined  voltage,  and  a  wide  voltage  range  is  no 
longer  necessary.  Some  central  stations  have  continued 
to  operate  at  the  voltage  standardized  on  when  carbon 
filament  lamps  were  used,  and  it  has  been  necessary  to 
manufacture  lamps  for  all  voltages  between  100  and  130 
volts.  On  the  other  hand,  many  central  stations  for- 
merly operating  at  100  to  109  volts  have  standardized  on 
no  volts,  and  at  present  the  greater  number  of  central 
stations  supply  energy  between  no  and  125  volts.  An 
investigation  showed  that  in  the  year  1916  about  60 
percent  of  all  the  lamps  used  in  the  United  States  were 
rated  at  no,  115  or  120  volts,  and  that  the  greater  num- 
ber of  the  remainder  were  rated  between  112  and  125 
volts.  The  percentage  demand  by  volts  for  large  Mazda 
lamps  during  1916  is  shown  in  Fig.  i.  It  would,  there- 
fore, seem  that  the  attainment  of  three  or  four  standard 
voltages,  for  instance,  no,  115  and  120  volts,  is  entirely 
practicable.    This  would  result  in  a  very  much  more  sat- 


isfactory condition  than  now  exists,  not  only  as  to  lamps 
but  also  as  to  motors,  heating  devices,  flatirons  and,  in 
fact,  all  electrical  devices,  because  it  would  not  then  be 
necessary  to  manufacture  such  devices  for  operation  at 
all  the  various  voltages  between  100  and  130  volts. 

An  investigation  made  by  the  Ohio  Electric  Associa- 
tion showed  that  out  of  sixty-two  central  stations  only 
nine  were  supplying  a  voltage  other  than  no,  115  and 
120.  In  attaining  one  or  the  other  of  these  voltages  the 
method  was  either  to  raise  the  original  voltage  to  one 
of  the  standard  voltages  by  steps  of  possibly  one  volt 
over  a  period  of  time,  or  else  by  using  lamps  rated  at 
the  next  lower  voltage.  This  latter  practice  was  found 
satisfactory,  inasmuch  as  the  voltage  at  the  sockets  is 
frequently  materially  lower  than  the  voltage  at  the  sta- 
tion. This  matter  of  standardizing  voltages  is  now 
being  given  very  serious  consideration,  and  it  is  very 
probable  that  steps  will  be  taken  by  the  electrical  indus- 
try to  standardize  on  no,  115  and  120  volts. 

LIGHTING  CODES  AND  LIGHTING  LEGISLATION 

For  several  years  lighting  engineers  and  others  inter- 
ested in  the  problem  of  illumination  have  realized  the 
unsatisfactory  lighting  in  the  majority  of  industrial 
plants  throughout  the  country.  The  Illuminating  Engi- 
neering Society  took  up  the  matter  and  committees  were 
appointed  to  investigate  existing  rules  on  the  subject  of 
lighting,  to  study  the  actual  requirements  for  proper 
lighting,  and  finally  to  draw  up  a  code  which  would 
show  what  the  actual  requirements  were,  and  how  they 
should  be  met.  Up  to  this  time  practically  no  legislation 
was  in  force  regarding  proper  lighting,  and  what  little 
there  was  showed  lack  of  knowledge  of  conditions  and 
ability  to  cope  with  the  situation.  Investigations  showed 
that  little  or  no  attention  was  paid  to  the  protection  of 
the  eyes  of  the  workers,  and  also  that  the  lighting  of  the 
aisles  and  spaces  where  actual  work  was  not  being  done 
was  greatly  neglected.  In  general,  it  was  found  that 
little  effort  was  made  to  direct  light  on  the  work  by 
means  of  proper  reflectors,  and  that  in  many  cases  the 
illumination  was  too  low. 

The  code  drawn  up  by  the  Illuminating  Engineering 
Society  provides  for  all  of  these  items  for  all  classes  of 
work  and  is  accompanied  by  photographs  and  cuts  show- 
ing good  and  bad  practice.  The  matter  has  been  laid 
before  the  legislative  bodies  of  several  states,  with  the 
result  that  Pennsylvania  and  New  Jersey  have  adopted 
codes  very  similar  to  this  code,  and  steps  are  being  taken 
by  other  states  to  enact  similar  laws  at  an  early  date. 
The  codes  adopted  by  the  two  states  mentioned  provide 
for  a  minimum  intensity  of  illumination  on  the  work,  the 
use  of  suitable  reflectors  and  emergency  lighting  systems 
for  use  when  the  regular  lighting  fails.  Codes  on  school 
lighting,  street  lighting  and  automobile  and  railway  head- 
lighting  are  in  the  course  of  construction  and  are  ex- 
pected to  be  ready  for  publication  at  an  early  date.  It  is 
also  hoped  that  eventually  all  the  states  will  adopt  the 
same  general  code  and  thus  standardize  the  lighting  re- 
quirements in  the  United  States. 
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George  Cutter  Company 


T 


HE  increasing  popularity  of  ornamental  street 
lighting  may  be  attributed  mainly  to  four  causes, 
namely : — 

/ — The  general  demand  for  better  lighted  streets,  with 
plenty  of  light  on  the  pavement,  sidewalks  and  building  fronts. 

s — Rivalrj'  between  commercial  organizations  and  the  nat- 
ural desire  of  the  public  to  beautify  their  home  towns. 

J — Increased  efficiency  in  lamps  and  the  consequent  reduc- 
tion in  operating  and  maintenance  cost. 


a  crowded  appearance ;  especially  where  trolley  poles 
and  electric  signs  had  been  previously  installed.  Every- 
one now  agrees  that  the  single-light  post  is  more  artistic, 
better  balanced  and,  therefore,  more  dignified  than  the 
cluster  style,  but  for  lack  of  suitable  illuminants  before 
the  advent  of  the  new  lamps  practically  all  ornamental 
lighting  was  done  with  multiple  lamps  in  cltisters.  These 
lighting  systems  were  expensive  to  install  and  maintain. 


I 
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FIG.    I  FIG.    2  riG.    3  FIG.   4 

FIGS.    I    to   8 — TYPICAL    POST   DESIGNS    USED. 

4 — Improvements  in  the  designs  of  posts,  fixtures  and 
"Safety  First"  devices. 

The  first  two  causes  enumerated  above  are  self- 
explanatory.  The  increase  in  efficiency  of  Mazda  "C" 
lamps  over  old-style  vacuum  lamps  with  carbon  and 
tungsten  filaments  is  well  known  to  engineers  and  cen- 
tral station  managers.  The  message  in  this  article, 
therefore,  will  be  limited  to  a  description  of  the  new 
developments  in  post  designs,  lighting  fixtures  and  those 
auxiliary  devices  that  make  modern  post-lighting  sys- 
tems more  attractive,  more  economical  to  maintain  and 
safer  to  operate. 

Before  the  introduction  of  the  gas-hlled  lamp,  dis- 
cerning buyers  expressed  a  preference  for  single-light 
posts.    They  claimed  that  cluster  posts  gave  the  streets 


FIG.    5  FIG.   5  FIG.    7  FIG.   8 

IN   ORNAMENTAL    STREET-LIGHTING   SYSTEMS 

Today,  when  practically  everything  has  advanced  in 
price,  it  is  possible  to  have  better  lighting  at  the  same, 
or  lower,  initial  cost  with  a  very  considerable  reduction 
in  operating  and  maintenance  expense.  This  is  accom- 
plished by  using  Mazda  "C"  lamps  in  single-light  posts 
and  burning  them  in  series. 

POST  DESIGNS 

In  planning  an  ornamental  street-lighting  system  the 
essential  thing  is  to  select  a  post  and  fixture  that  will 
be  at  once  distinctive  and  harmonious.  Posts  that  are 
original  in  design  and  of  simple  elegance  will  make  a 
better  impression  on  the  public  mind  than  ornate  posts 
with  "gingerbread"  to  catch  the  dust.  Such  designs  as 
are  preferred  for  the  reasons  just  stated  are  shown  in 
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Figs.  I  to  4,  inclusive.  Among  the  first  cities  to  adopt 
these  standards  were  East  Aurora,  N.  Y.,  Bay  City  and 
Charlevoix,  Mich.  Other  popular  designs  are  shown  in 
Figs.  5,  6  and  8.  The  post  shown  in  Fig.  7  is  used  ex- 
tensively for  boulevard  lighting  in  Detroit  and  other 
cities.     Cast  iron,  because  of  its  resistance  to  rust  and 
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FIG.   9 — POST   TOP   WITH    OCT.\- 

GONAL    GLOBE    AND    MET.\I, 

TRIMMINGS 

To  give  lantern  effect. 


FIG.   10 — POST  TOP  HAVING 
DIFFUSING   GLOBE 

Used   on   post  shown   in 
Fig.  3. 


shocks  of  heavy  passing  vehicles,  is  the  standard  ma- 
terial of  which  ornamental  posts  are  made.  However, 
other  metals,  such  as  sheet  steel,  are  sometimes  used,  and 
there  are  a  few  installations  of  concrete  posts.  The  ob- 
jection to  steel  is  the  necessity  of  painting  them  fre- 
quently inside  and  out  to  delay  corrosion  and  the  sub- 
sequent replacement  of  the  columns,  due  to  this  cause,  or 
to  their  lack  of  resistance  to  modern  traffic  conditions. 
Concrete  posts  may  be  discolored  or  chipped  or  com- 
pletely cracked,  and  there  is  no  remedy  except  the  re- 
placement of  such  posts  with  new  ones. 

POST  TOPS  FOR  ORNAMENTAL  LIGHTING  FIXTURES 

The  important  functions  of  the  post  tops  are  to  house 
the  lamp,  socket  and  autotransformer  (if  one  is  used), 


FIG.    II — INSTALLATION    OP 
AUTOTRANSFORMER 

Suspended  beneath  the 
porcelain  base. 
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TWO-WINDING    TRANS- 
FORMER 

For  installation  in  the  base 
of  post. 


and  to  transmit  the  light  of  the  lamp  through  a  diffusing 
medium  that  maintains  the  quality  of  light  given  out  by 
the  gas-filled  lamp.    At  the  same  time  it  should  shield 


the  eye  from  the  intrinsic  brilliancy  of  the  lamp  fila- 
ment. How  these  things  are  best  accomplished  will  be 
apparent  from  a  description  of  one  of  the  newest  types 
of  fixtures  embodying  many  refinements  in  its  design. 
The  fixture  shown  in  Fig.  10  is  the  top  part  of  the  post 
illustrated  in  Fig.  3.  The  casing  fits  directly  on  the 
column  and  receives  an  autotransformer  (or  compen- 
sator) suspended  beneath  the  porcelain  disc  illustrated 
in  Fig.  II.  The  globeholder  is  a  separate  ring  casting, 
which  is  provided  with  an  insect  screen  and  with  a  globe 
seat  made  of  felt.  This  ring  is  interchangeable  with  the 
"Arcadian"  column,  or  the  casing  which  is  commonly 
known  as  an  "Extension"  capitol ;  so  that  if  a  series  film 
socket  is  used  for  straight  series 
lamps,  instead  of  an  autotrans- 
former with  multiple  socket  for 
15  and  20  ampere  lamps,  the  cas- 
ing may  be  omitted.  This,  how- 
ever, means  a  reduction  in  the 
height  of  the  post.  The  globe 
ring  accommodates  all  globes 
having  eight-inch  fitters.  This 
size  is  generally  accepted  as 
standard  for  street-lighting  glass- 
ware. The  globe  is  provided  with 
a  protecting  ring,  thus  reducing 
breakage  of  glassware,  which  is 
often  excessive  because  of  care- 
lessness on  the  part  of  linemen 
when  tightening  the  screws. 
Other  important  details  of  con- 
struction are  shown  in  Fig.  18. 
The  globe  shown  here  is  designed 
to  direct  the  greater  part  of  the 
useful  light  to  the  sidewalks  and 
streets.  Figs.  16  and  17,  but  there 
is  sufficient  illumination  above 
the  horizontal  plane  of  the  fix- 
ture to  show  the  outlines  of 
the  building  fronts.  Octagonal 
globes  with  metal  trimmings,  like 
the  model  shown  in  Fig.  9,  are 
desirable  because  of  the  lantern 
effect  produced.  The  metal  is 
narrow  and  the  illumination, 
therefore,  is  not  changed  to  any 
great  extent. 

The  ventilator  for  the  top  of 
the  globe  is  made  of  steel  and  is 
porcelain  enameled.  The  inside 
is  white,  so  that  the  flat  reflector,  which  ordinarily  is 
placed  on  the  top  of  the  globe  to  distribute  the  light 
uniformly,  may  be  omitted.  In  that  event,  the  light 
reflected  by  the  interior  surface  of  the  ventilator  is 
directed  to  the  lower  half  of  the  globe.  This  enamel 
covering  the  steel  is  of  a  vitreous  nature  and,  therefore, 
is  as  easy  to  clean  as  the  glassware  itself.  It  gives  pro- 
tection to  the  steel  and  is  often  furnished  in  white  ex- 
terior, so  as  to  appear  as  part  of  the  glass  fixture.    Black 


FIG.    13 — DIAGRAM    OF 

TYPICAL 

POST  INSTALL.\TION 

Showing 

disconnecting-type 

pothead  in  the  base  of 

the  post. 
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and  green  enamel  are  also  used  for  the  exterior  covering 
when  desired. 

UNDERGROUND    DISTRIBUTION    SYSTEMS 

Although  the  public  mind  may  be  satisfied  with  any 
ornamental  lighting  installation  that  accomplishes  the 
desired   results,   the   ultimate   success    from   the   stand- 


FIG.    14 — DISCONNECTING-TYPE 

POTHEAD  FIG.  15 — DETAILS  OF  POTHEAD 

For  installation  in  base  of  post  As  shown  in  Fig.  14. 

as  shown  in  Fig.  13. 

point  of  everyone — the  central  station,  city  authorities 
and  taxpayers — depends  upon  the  satisfactory  perform- 
ance of  the  lighting  units,  and  upon  the  expense  of  oper- 
ation and  maintenance  more  than  on  the  initial  cost. 
These  expenses  will  be  governed  very  largely  by  the 
judgment  exercised  in  the  selection  of  regulating  equip- 
ment, cable  and  "Safety  First"  devices. 

The  systems  employed  for  operating  ornamental 
street-lighting  equipments  may  be  divided  broadly  into 
two  classes,  viz.,  multiple  and  series.  In  the  past,  while 
the  series  system  was  generally  adopted  for  both  arc  and 
Mazda  street  lighting,  the  multiple  system  was  com- 
monly used  for  "White  Ways"  with  cluster  posts.  With 
the  introduction  of  the  gas-filled  or  type  C  Mazda  lamps, 
however,  the  one-light  post  became  increasingly  popu- 
lar, and  these  lamps  may  be  operated  more  efficiently 
on    series    or    series-multiple    systems.      Owing    to    the 
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FIG.   16 — DIAGRAM  OF  DISTRIBU- 
TION OF  LIGHT 

A — 400  cp,  15  ampere  lamp. 
B — 400  cp,  15  ampere  lamp  in 
Sol-Lux  fixture. 


FIG.    17 — DIAGRjVM  of  DISTRIBU- 
TION  OF   LIGHT 

A — 600  cp,  20  ampere  lamp. 
B — 600  cp,  20  ampere  lamp  in 
Sol-Lux  fixture. 


fact  that  the  unit  generally  used  in  the  early  systems  of 
street  lighting  throughout  the  city  was  the  enclosed  arc 
lamp  operating  at  6.6  or  7.5  amperes,  constant-current 
circuits    operated    through    regulating   transformers    at 


either  of  these  ratings  became  common  practice  and, 
with  the  increased  use  of  the  Mazda  lamps,  4  and  5 
ampere  regulating  transformers  were  designed  to  give 
a  constant  current  at  these  ratings,  and  thus  they  became 
standardized  throughout  the  country. 

STRAIGHT-SERIES    SYSTEMS 

The  so-called  straight-series  system  consists  of  a 
series  of  lamps  operated  on  a  constant-current  circuit 
maintained  at  the  current  rating  of  the  lamps  to  be  used 
on  the  circuit.  Each  lamp  is  fitted  with  a  film  socket, 
which  maintains  the  continuity  of  the  circuit  in  case  a 
lamp  burns  out  or  is  removed  from  its  socket,  while  the 
regulating  transformer  takes  care  of  the  difference  in 
the  load  due  to  the  loss  of  the  lamp  and  maintains  the 
current  constant. 

SERIES  WITH   COMPENSATOR 

The  demand  for  increased  efficiency  in  lighting  sys- 
tems led  the  lamp  manufacturers  to  produce  series 
Mazda  lamps,  which  operate 
at  15  and  20  amperes,  and  in 
order  that  these  lamps  may  be 
used  on  existing  constant- 
current  lighting  circuits,  auto- 
transformers  (commonly 
called  compensators)  are  used 
with  the  lamp  fixtures.  These 
high-efficiency  lamps  are  made 
in  three  sizes,  viz.,  400,  600 
and  1000  candle-power.  From 
Table  I  it  will  be  aparent  that 
a  very  large  saving  in  energy 
consumption  is  effected  by  the 
use  of  these  compensators  and 
the  high-efficiency  lamps  as 
compared  with  the  straight 
series,  6.6  ampere  lamps.  A 
multiple  socket  is  used  with 
the  compensator,  which  is  con- 
nected in  series  with  the  line, 
the  current  being  kept  con- 
stant with  varying  loads  by 
the  regulating  transformer. 


SERIES-MULTIPLE  SYSTEM 


FIG.    18 — SECTIONAL  VIEW  OF 
SOL-LUX  FIXTURE 

a,  b,  c,  d,  e,  f,  g — direct 
rays  from  lamp ;  a' ,  b',  c' , 
d' ,  e' ,  f — reflected  rays ; 
/[ — lamp  base;  j  —  mogul 
socket ;  / — porcelain  disc ; 
k — a  u  t  o  t  r  a  nsformer  or 
compensator  ;  / — c  a  b  1  e  s 
connecting  lamp  to  line; 
in — globeholder  ;  n — globe 
protecting  ring  ;  0 — globe 
seat ;  p — thumb  screw  ;  q — 
insect  screen.  The  arrows 
indicate  circulation  of  air 
to  cool  the  lamp. 


With  White  Way  lighting 
it  is  often  found  inconvenient, 
or  with  small  installations  too 
costly,  to  install  a  straight- 
series  system  with  moving  coil 
regulator,  and  in  these  cases  the  series  system  with 
constant-potential  transformer  offers  an  economical  and 
satisfactory  solution.  This  system,  using  a  constant- 
potential  transformer  over  the  entire  circuit,  and  two- 
winding  current  transformers  with  each  individual  lamp, 
may  be  operated  on  a  constant-potential  circuit  of  any 
desired  voltage  with  the  secondary  voltage  of  the  con- 
stant-potential transformer  equivalent  to  the  sum  of  the 
voltages  of  the  individual  current  transformers,  a  small 
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allowance  being  made  for  transformer  and  line  losses. 
The  current  transformers  are  designed  to  give  either  15 
or  20  amperes,  as  required,  on  the  secondary  side  when 
operated  in  series  on  the  correct  line  voltage.  The  pri- 
mary coils  being  connected  in  series,  there  is  no  interrup- 
tion of  the  circuit  in  the  event  of  any  lamps  burning  out, 
or  being  removed  from  the  socket,  and  there  is  sufficient 
reactance  in  the  transformer  to  protect  the  lamps  against 
undue  rise  of  current  on  the  circuit,  so  that  with  this 
system  a  moving  coil  regulator  is  unnecessary. 

The  two-winding  transformer  illustrated  in  Fig.  12 
is  usually  placed  in  the  base  of  the  post,  and  as  the  volt- 
age of  the  wires  leading  to  the  lamp  is  only  that  required 
by  the  lamp,  all  danger  from  shocks  due  to  the  breaking 
down  in  the  insulation  of  the  post  is  eliminated. 

REACTANCE-SOCKET   SYSTEM 

The  reactance-socket  system  is  operated  only  on 
constant-potential  circuits.     It  consists   of  a  series   of 

TABLE  I— WATTAGE  AND  CANDLE-POWER  OF  SERIES 
MAZDA    LAMPS 


Candle-Power 

Watts  at  6.6 
amps. 

Watts  at  15 
amps. 

Watts  at  20 
amps. 

400 
600 
1000 

244 
367 

216 

310 
518 

lamps  connected  across  constant-potential  alternating- 
current  mains  or  across  the  secondary  terminals  of  a 
constant-potential  transformer  of  a  voltage  equivalent 
to  the  sum  of  the  individual  lamp  voltages.  A  reactance 
coil  is  combined  with  the  lamp  fixture  in  the  same  man- 
ner as  an  autotransformer  and  is  connected  in  shunt 
across  the  terminals  of  each  lamp  socket.  It  has  com- 
paratively small  loss  when  the  lamp  is  burning;  when 
the  lamp  breaks  the  current  is  forced  through  the  coil 
and  produces  a  terminal  voltage  on  the  line  equivalent 
to  the  lamp  voltage.  The  current  on  the  line  and  the 
voltage  of  the  remaining  lamps  remains,  therefore,  prac- 
tically constant. 

The  reactance-socket  system,  like  the  series-multiple 
system  using  two-winding  transformers,  is  especially 
suited  to  small  installations  where  the  total  load  is  less 
than  about  two  kilowatts,  and  a  great  saving  in  equip- 
ment outlay  is  effected  by  its  use  as  compared  with  a 
constant-current  system  with  the  film  socket.     It  has  a 


power-factor  of  over  99  percent  and  an  efficiency  of 
approximately  96  percent,  is  self-contained,  and  requires 
no  attention  apart  from  the  replacement  of  burned-out 
lamps. 

CABLE  AND  POTHEADS 

Modern  practice  in  supplying  power  to  the  lamps  is 
to  lay  steel-armored  cable  in  trenches  along  the  street 
or  under  the  curb  or  to  install  lead-covered  cable  in  con- 
duit. Because  of  the  necessity  of  bringing  this  cable  to 
the  surface  at  each  post  location  and  opening  it  for  con- 
nection to  the  lamp  socket  or  transformer,  troubles  may 
arise  from  static  discharges  or  the  lives  of  pedestrians 
and  vehicle  drivers  may  be  endangered  in  the  case  of 
accidental  breakage  of  the  post.  These  dangers  may  be 
partly  or  entirely  eliminated  by  employing  one  of  two 
methods  of  connecting  the  underground  circuit  to  the 
lamp  socket.  Both  ends  of  the  steel-armored  cable  may 
be  brought  to  the  top  of  the  post,  where  the  outer  cov- 
erings are  stripped  and  the  steel  and  lead  coverings 
clamped  together,  respectively.  The  clamp  employed  is 
then  wedged  into  the  top  of  the  post,  so  that  it  efifec- 
tively  grounds  the  cable  coverings.  Static  current  is 
then  discharged  to  ground  through  the  post.  This 
method  adds  to  the  initial  cost  of  the  cable  and  does  not 
entirely  eliminate  the  dangers  incident  to  accidental 
breakage  of  the  post. 

The  second  and  more  satisfactory  method  is  to  install 
a  disconnecting-type  pothead  in  the  base  of  the  post  as 
illustrated  in  Fig.  13.  Here  the  underground  cable  is 
shown  grounded  at  the  bottom  of  the  device  illustrated 
in  Fig.  14.  Lead-covered  cable  connects  the  upper  half 
of  the  pothead  to  the  lamp  socket  terminals.  Sealing 
compound  is  used  in  the  pothead  after  connections  are 
made  and,  in  the  case  of  accidental  breakage  of  the  post, 
the  upper  half  of  the  pothead  is  pulled  off,  leaving  the 
balance  of  the  circuit  undisturbed,  and  the  cable  running 
to  the  top  of  the  post  is  disconnected  from  the  circuit. 
This  device,  which  is  shown  in  detail  in  Fig.  15,  also 
facilitates  testing  for  grounds  when  workmen  in  the 
street  may  injure  the  insulation  on  the  cable  under- 
ground. Thus  a  dual  purpose  is  served  by  this  ingen- 
ious device.  Other  protective  devices  of  more  or  less 
importance  are  available  for  the  engineer  to  select  from 
when  he  is  considering  a  proposed  installation  from  the 
standpoint  of  "Safety  First." 


G.  C.  Dill 


II  IS  generally  conceded  that  the  highest  development 
of  lightning-protective  devices  is  represented  by  the 
electrolytic  lightning  arrester.  This  type  of  arrester 
has  its  disadvantages,  but  judging  from  the  rapidly  in- 
creasing number  of  installations  it  is  the  general  con- 
census of  opinion  of  station  operators,  managers  of  elec- 


trical properties  and  engineers  that  the  disadvantages  are 
more  than  balanced  by  the  advantages  derived  from 
their  use. 

The  advantages  of  this  type  of  arrester  are  the 
greatly  increased  immunity  from  lightning  disturbances, 
the  decreased  cost  of  repairs  for  damaged  machinery, 
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and  increased  continuity  of  service,  which  is  of  increas- 
ing importance,  especially  in  the  larger  communities  and 
in  manufacturing  districts. 

Its  inherent  disadvantages  are  the  necessity  of  daily 
attention  and  building  up  of  the  films,  and  the  necessity 
of  overhauling  the  arrester  once  or  twice  a  vear,  clean- 
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FIG.   I — CH.\R.\CTER1STIC  CURVE  OF  .\N  IMPURE  ELECTROLYTE, 
S.\MPLE  E,  ON   DIRECT  CURRENT 

This,  and  tlie  subsequent  curves,  show  the  current  whicli 
will  flow  continuoush'  through  a  given  sample  after  the  film  is 
built  up,  with  different  voltages  impressed  across  the  trays.  An 
impure  electrolyte  has  a  large  leakage  current  at  relatively  low 
voltages,  while  a  pure  electrolyte,  as  shown  in  Fig,  5,  has  a  very 
low-  leakage  current  below  the  critical  value. 

ing  the  trays  and  putting  in  new  electrolyte.  It  should 
be  considered  as  a  form  of  insurance,  hut  it  is  not  a 
panacea  for  all  the  ills  of  electrical  machinery. 

The  virtues  of  the  electrolytic  arrester  are  due  princi- 
pally to  two  characteristics  of  a  tilm  of  aluminum 
hydroxide  on  aluminum  or  aluminum-alloyed  film- form- 
ing plates  immersed  in  a  suitable  electrolyte.  These  two 
characteristics  are,  i — the  property  whereby  such  a 
film  offers  a  high  resistance  to  the  flow  of  current  at 
voltages  below  a  certain  critical  voltage  and  a  low  resist- 
ance to  the  flow  of  current  at  a  voltage  greater  than  the 
critical  voltage,  and  2 — the  property  whereby  the  film 
of  aluminum  hydroxide  on  the  plates  becomes  the  dielec- 
tric of  a  static  condenser,  which  offers  high  impedance 
to  currents  of  low  frequency  and  a  low  impedance  to 
currents  of  high  frequency.  In  addition  to  the  above 
properties,  there  is  also  a  rectifying  action  which  is  made 
use  of  in  the  electrolytic  rectifier.  It  is  of  interest  to 
note  that  if  certain  aluminum  alloys  are  used  for  the 
plates  of  an  electrolytic  cell  and  voltage  is  impressed 
across  the  cell  the  film  on  the  plates  will  'become  lumi- 
nous, emitting  a  greenish  yellow  light. 

For  satisfactory  operation  of  an  electrolytic  cell, 
purity  of  the  aluminum  and  the  electrolyte  and  cleanli- 
ness in  handling  these  materials,  as  well  as  cleanliness  of 
the  container,  are  very  essential.  Certain  impurities  in 
the  aluminum,  and  certain  other  impurities  in  the  elec- 
trolyte, rapidly  reduce  the  useful  life  of  a  cell. 

The  impurities  usually  encountered  in  commercial 
aluminum  are  copper,  iron,  silicon  and  manganese.  As 
a  result  of  various  tests  it  has  been  proven  that  the 
aluminum  used  in  the  manufacture  of  trays  and  cones 
for  electrolytic  lightning  arresters  is  of  a  very  high 
grade  and  is  far  purer  than  any  aluminum  which  may  be 


purchased  in  the  open  market  in  America.  Some  of  the 
customary  impurities  are  absent,  while  others  are  pres- 
ent in  only  extremely  small  quantities. 

Purity  of  electrolyte  is  also  very  essential  to  the  suc- 
cessful operation  of  electrolytic  lightning  arresters.  It 
is  not  only  essential  that  the  manufacturer  use  materials 
of  a  high  degree  of  purity,  and  observe  cleanliness  in  its 
manufacture,  but  it  is  also  very  essential  that  cleanliness 
be  used  in  the  installation  of  the  arrester.  The  trays  or 
cones  should  not  only  be  clean,  but  clean  containers 
should  be  used  in  handling  the  electrolyte,  and  the  per- 
son doing  this  work  should  have  clean  hands,  and  the 
container  should  not  be  left  open  to  collect  dirt.  It  is 
believed  that  a  large  part  of  all  the  troubles  which  occa- 
sionally occur  in  the  operation  of  electrolytic  arresters 
is  due  to  neglect  of  one  or  more  of  these  precautions. 

The  detrimental  impurities  most  usually  encountered 
in  electrolyte  are  either  chlorides  or  sulphates  in  some 
one  of  their  various  forms,  over  and  above  certain  well- 
defined  small  percentages.  Several  years  ago  one  of  the 
leading  manufacturers  furnished  the  electrolyte  in  dry 
form,  allowing  the  customer  to  mix  it  with  pure  water 
in  certain  proportions.  They  were  soon  obliged  to  with- 
draw this  procedure  on  account  of  the  unsatisfactory 
results  obtained,  because  very  little  reliance  could  be 
placed  upon  the  purity  of  the  water  used.  A  great  many 
operators  were  not  using  distilled  water  as  specified  and 
had  very  little  idea  as  to  what  constituted  pure  water, 
some  using  rain  water,  others  snow  water,  spring  water, 
and  some  proposed  to  use  river  water.  All  water  other 
than  a  good  grade  of  distilled  water  is  liable  to  contain 
some  detrimental  impurity.  The  volt-ampere  curve  of 
a  sample  of  impure  electrolyte  is  shown  in  Fig.  i.  This 
and  the  other  volt-ampere  curves  were  plotted  from  data 
taken  with  the  connections  shown  in  Fig.  2.  The  oscil- 
logram of  a  sample  of  impure  electrolyte  is  shown  in  the 
upper  curve  of  Fig.  3. 

At  the  present  time  comparatively  little  information 
concerning  electrolytes  for  electrolytic  lightning  ar- 
resters is  available  to  the  public.  Considerable  work  has 
been  done  along  this  line  of 
work,  but  there  is  yet  a  vast 
field  of  investigation  which 
has  not  been  touched  by 
either  the  scientific  or 
commercial  investigator  :  in 
fact,  this  field  appears  so 
large  that  it  seems  that 
scarcely  more  than  a  begin- 
ning has  been  made. 

Contrary  to  the  opinion 
of  a  great  many  people, 
electrolyte  which  is  used 
with  electrolytic  arresters  and  electrolytic  rectifiers  is 
very  different  from  that  used  in  storage  batteries.  It  is 
unfortunate  that  the  same  name  should  have  been  ap- 
plied to  both  because  of  the  confusion  thus  created.  The 
electrolyte  used  in  electrotytic  arresters  and  rectifiers  is 
in  some  cases  neutral ;  that  is,  neither  acid  or  alkaline. 


FIG.  2 — DI-\GR.\M  OF  TEST 
CONNECTIONS 

The  area  of  tray  a  in  contact 
with    the    electrolyte    is   94 
square  inches.     The  cor- 
responding area  of  tray 
b  is  58  square  inches. 
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while  in  others  it  is  slightly  acid  or  slightly  alkaline.  In 
the  case  of  the  Edison  storage  batteries  the  electrolyte  is 
a  strong  alkaline  substance,  and  in  the  case  of  the  lead 
storage  batteries  the  electrolyte  is  strongly  acid.  The 
storage  battery  electrolyte  is  made  of  entirely  different 
substances  from  the  electrolyte  for  arresters  and  rec- 
tifiers. 


FIG.    3 — OSCILLOGR.\M    SHOWING    THE    SPEED-TIME    CHARACTERISTICS 

OF  THE  FORMATION  OF  A  HYDROXIDE  FILM  ON 

THE  ALUMINUM   CELLS 

The  upper  curve  was  obtained  with  a  sample  of  impure  elec- 
trolyte, B ;  the  lower  curve  with  a  sample  of  very 
good  electrolyte,  D. 

The  electrolytes  used  in  electrolytic  arresters,  recti- 
fiers and  condensers  are  of  the  same  general  order ;  in 
fact,  a  given  electrolyte  may  be  used  interchangeably  in 
any  of  these  devices,  but  for  satisfactory  operation  the 
electrolyte  used  should  be  selected  with  special  view  to 
the  conditions  under  which  it  is  to  operate.  An  elec- 
trolyte which  will  operate  very  well  in  the  case  of  the 
rectifier  or  the  condenser  may  be  a  very  unsatisfactory 
electrolyte  to  use  in  case  of  an  electrolytic  arrester. 

To  determine  the  characteristics  of  different  elec- 
trolytes under  varying  conditions,  tests  were  made  on 
five  samples  of  different  manufacture,  denoted  herein  as 
C,  D,  E,  M  and  A^,  at  different  frequencies,  as  well  as 
on  direct  current.  A  60  cycle  volt-ampere  curve  of  one 
of  the  older  electrolytes  which  has  proved  quite  satisfac- 
tory for  use  with  electrolytic  lightning  arresters  is  shown 
at  C  in  Fig.  4.    The  volt-ampere  curve  of  this  same  elec- 


FIG.  4— CHARACTERISTIC   CURVES   OF  ELECTROLYTES   C   AND   D 
ON   60  CYCLES 

The  original  film  was  built  up  in  a  borax  solution ;  both  curves 
taken  with  trays  a,  Fig.  2. 

trolyte  on  direct  current  is  shown  in  curve  C,  Fig.  5,  and 
a  comparison  of  these  curves,  considering  also  the  fact 
that  they  are  plotted  to  dift'erent  abscissae,  shows  that 
on  alternating-current  circuits  the  charging  current  is 
mostly  that  due  to  capacitance. 


Similar  curves  for  a  later  electrolyte  on  60  cycle 
alternating  current  and  on  direct  current  are  shown  in 
curves  D,  Figs.  4  and  5.  It  is  at  once  obvious  that  elec- 
trolyte D  has  the  higher  critical  voltage.  One  of  its  par- 
ticular virtues  is  its  chemical  stability,  which  allows  it 
to  be  worked  at  a  high  temperature.  An  oscillogram 
of  this  electrolyte  is  shown  in  the  lower  curve  in  Fig.  3. 
The  remarkable  feature  shown  in  this  oscillogram  is 
that  the  film  was  built  up  in  less  than  one-half  of  a 
cycle  after  the  cell  had  stood  11  days  without  being 
charged,  as  contrasted  with  the  upper  curve  in  this  same 
oscillogram,  which  indicates  the  heavy  charging  current 
and  the  long  time  required  to  build  up  the  film  with  a 
poor  or  an  impure  electrolyte. 

The  number  of  cells  required  for  an  arrester  for 
operation  at  a  given  voltage  is  dependent  upon  the  crit- 
ical voltage  of  the  electrolyte  which  is  to  be  used.  For 
instance,  electrolyte  D,  Fig.  4,  may  be  operated  at  a  max- 
imum of  approximately  320  volts  per  cell,  while  electro- 
lyte A,  Fig.  6,  can  be  operated  at  a  maximum  voltage  of 
only  about  250  volts  per  cell.  This  accounts  for  the  fact 
that  the  different  manufacturers  use  a  dift'erent  number 
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FIG.   5 — CHARACTERISTIC  CURVES   OF   ELECTROLYTES   C   AND  D 
OX   DIRECT   CURRENT 

The  orignal  film  was  built  up  in  electrolyte  D.     As  compared 

with  Fig.  4  the  ampere  scale  is  much  reduced,  showing  that 

the  current  below  the  critical  on  alternating  current 

is  largely  due  to  the  capacitance  of  the  cells. 

of  cells  for  arresters  for  the  same  service,  and  also  that 
in  the  dift'erent  stages  of  the  development  of  the  elec- 
trolytic lightning  arrester,  for  a  given  voltage,  different 
numbers  of  cells  were  used.  Therefore,  in  arresters  of 
different  makes  and  of  different  stages  of  development, 
electrolytes  should  not  be  used  interchangeably  unless 
the  properties  and  characteristics  of  the  electrolytes  are 
definitely  known.  For  example,  an  arrester  designed  for 
electrolyte  D,  Fig.  4,  could  not  be  used  with  electrolyte 
A,  Fig.  6,  but  electrolyte  D  could  be  used  in  an  arrester 
designed  for  electrolyte  A.  In  this  latter  case  the  film 
is  not  built  up  as  high  as  it  is  capable  of  being  charged, 
but  this  makes  no  difference,  as  the  film  is  never  built  up 
any  higher  than  the  charging  voltage,  and  it  is  Very 
doubtful  if  any  lightning  discharge  would  ever  build  it 
materially  above  this  point. 

In  some  cases  operators  lose  sight  of  the  fact  that 
an  electrolytic  arrester  will  have  a  different  charging 
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current  on  60  cycles  than  it  will  have  on  25  cycles.  This 
difference  in  charging  current  is  due  to  the  capacity 
effect  of  the  arrester,  as  shown  in  curves  A  and  B  in 
Fig.  6.  That  the  charging  current  of  an  arrester  is 
largely  a  capacity  current  is  shown  by  a  comparison  of 
the  curves  in  Fig.  6  with  the  direct-current  charging 
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FIG.    6 — CHAR.^CTERISTIC    CURVES    OF    ELECTROLYTES    M    AND    N 
ON  ALTERNATING  CURRENT 

Curve  A  vi'as  taken  with  electrolyte  N  at  60  cycles,  the  original 

film  being  built  up  in  electrolyte  M. 
Curve  B  was  taken  with  electrolyte  A'  at  25  cycles,  the  original 

film  being  built  up  in  electrolyte  A^. 
Curve  C  was  taken  with  electrolyte  M  at  60  cycles,  the  original 

film  being  built  up  in  electrolyte  D. 
Curve  D  was  taken  with  electrolyte  M  on  25  cycles,  the  original 

film  being  built  up  in  electrolyte  D. 

current  shown  in  curve  G  in  Fig.  7,  all  of  which  were 
taken  under  similar  conditions. 

Arresters  of  different  manufacture  do  not  have  the 
same  charging  current,  though  both  may  be  in  good  con- 
dition. This  is  due  to  the  different  areas  of  aluminum  in 
contact  with  electrolyte  which  directly  affects  the  elec- 
trostatic capacity  of  the  arrester.    This  is  shown  in  the 


FIG.  7 — CHARACTERISTIC  CURVES  OF  ELECTROLYTE  N 
ON  DIRECT  CURRENT 

In  curve  F  the  original  film  was  built  up  in  electrolyte  D ;  in 
curve  G  it  was  built  up  in  electrolyte  A'^. 

comparison  of  curve  B  of  Fig.  8  with  curve  D  of  Fig.  4, 
and  of  curve  A  of  Fig.  8  with  curve  B  of  Fig.  6.  The 
larger  charging  current  indicates  the  greater  electro- 
static capacity,  which  in  turn  indicates  a  greater  dis- 
charge capacity. 


All  electrolytes  do  not  work  equally  well  under  the 
influence  of  heat.  The  earlier  electrolytes  for  elec- 
trolytic arresters  had  a  maximum  safe  temperature  of 
approximately  100  degrees.  The  reason  for  this  was 
that  the  action  of  the  heat  produced  certain  chem- 
ical changes  in  the  electrolyte,  which  increased  the  dis- 
solution of  the  film.  Some  of  the  newer  electrolytes, 
such  as  that  from  which  curve  D  in  Fig.  4  was  taken, 
are  comparatively  stable  under  the  influence  of  heat  and 
may  be  worked  up  to  135  degrees,  a  temperature  which 
is  very  seldom  exceeded  in  operating  conditions  except 
for  very  short  periods. 

So  far  as  the  writer  is  aware,  there  is  at  the  present 
time  no  non-freezing  electrolyte,  and  it  is  not  very  prob- 
able that  such  an  electrolyte  will  be  produced,  because 
electrolyte  is  composed  of  certain  chemicals  and  a  con- 
siderable amount  of  water.  The  chemical  constituents 
of  the  electrolyte  will  lower  the  freezing  temperature  of 
the  electrolyte  below  that  of  water,  but  will  not  prevent 
its  freezing.  New  developments  may  bring  forth  a  new 
electrolyte  which  will  freeze  at  a  still  lower  temperature. 
Electrolyte  for  electrolytic  arresters  freezes  between  18 


FIG.    8 — CHARACTERISTIC   CURVES   OF    ELECTROLYTE   N    AND 
TRAYS    b    ON    ALTERNATING    CURRENT 

Curve  A  at  25  cycles ;  curve  B  at  60  cycles, 
and  25  degrees  F.,  but  in  the  case  of  lightning  arresters 
it  takes  a  considerable  time  for  the  cold  to  penetrate  the 
surrounding  jacket.  Electrolyte  may  be  subjected  to 
freezing  for  long  intervals  without  being  injured ;  when 
frozen  its  conductivity  is  reduced,  and  the  freedom  of 
discharge  of  the  arrester  is  correspondingly  reduced,  but 
returns  when  the  electrolyte  thaws.  It  is  fortunate  that 
this  freezing  comes  at  the  time  of  the  year  when  there 
are  practically  no  lightning  discharges. 

The  electrolytic  lightning  arrester  is,  to  a  consider- 
able extent,  responsible  for  the  successful  operation  of 
the  transmission  lines  in  this  country.  It  is  true  that 
other  types  of  arresters  have  been  used  with  success, 
but  the  preponderance  is  in  favor  of  the  electrolytic 
type.  The  fundamental  principles  of  this  arrester  have 
not  been  changed  since  its  introduction,  but  there  has 
been  a  considerable  refinement  of  details  which  will  un- 
doubtedly continue,  resulting  in  further  detail  refine- 
ments. 
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MANY  types  of  alternating-current  motors  have 
been  built  and  a  variety  of  methods  of  control 
have  been  devised.  However,  very  few  alter- 
nating-current motors,  other  than  induction  motors,  are 
used  in  industrial  work,  and  the  methods  of  control  in 
common  use  are  quite  simple. 

WOUND  SEC0XD.\RY   MOTORS 

When  resistors  are  used  for  accelerating  or  con- 
trolling the  speed  of  induction  motors  they  are  usually 
placed  in  series  with  the  three-phase  wound  secondary 
of  the  motor.  The  ends  of  this  winding  are  brought  out 
to  three  slip  rings  on  the  motor  shaft,  so  that  resistance 
may  be  inserted  between  each  of  the  three  rings.*  The 
method  of  control  corresponds  very  closely  to  that  of  a 
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SCHEME  OF  SECONDARY 
CONNECTIONS 


FIG.   I — DI.\GRAJI   OF   AUTUMATIC   COXTROtLER  FOR  A   THREE-PHASE 
INDUCTION    MOTOR 

Contacts  / — lo  are  held  open  mechanically  when  switch  /  is 
open,  and  closed  when  switch  /  is  closed.  Contacts  x — 3  are 
held  open  by  a  spring  when  switch  /  is  open,  and  the  spring 
pressure  is  released  when  switch  2  closes.  These  contacts  are 
still  held  open  magnetically,  however,  until  the  current  in 
the  coil  DE  drops  below  a  predetermined  value.  Contacts  x — 3 
and  .1' — 4  are  similarly  interlocked  to  switches  .?  and  j,  respec- 
tively. The  mechanical  interlock  at  the  bottom  of  switch  4  is 
thrown  to  the  right  when  the  switch  is  open,  and  to  the  left 
when  the  switch  is  closed. 

Pushing  the  start  button  causes  line  switch  /  to  close,  and 
this  switch  is  held  closed  through  contacts  / — 10  after  the  start 
button  is  released.  Switch  2  is  closed  through  circuit  x-2-30-y 
as  soon  as  the  current  in  coil  DB  drops  below  a  predetermined 
value.  Switches  j  and  4  are  similarly  closed  automatically 
when  the  current  in  D^  Ex  and  D,  £,  drops  below  the  pre- 
determined value.  The  mechanical  interlock  below  switch  4 
interrupts  the  control  circuits  to  switches  2  and  3,  allowing 
them  to  drop  open,  and  holds  switch  4  closed  independently  of 
the  interlocks  of  switches  2  and  3.  Pushing  the  stop  button 
interrupts  the  control  circuit  of  switch  i,  causing  it  to  open  ;  and 
this  action  opens  contacts  .r — 2,  allowing  switch  4  to  open. 

compound-wound  motor  with  only  a  small  amount  of 
series  field.  In  studying  this  type  of  control  and  apply- 
ing it,  the  problem  is  simplified  if  the  operating  condi- 


tions are  considered  to  be  those  of  the  corresponding 
direct-current  motor  and  no  attempt  is  made  to  analyze 
the  complicated  reactions  which  are  taking  place  in  the 
wound  secondary  motor. 

This  method  of  control  requires  the  use  of  a  primary 
switch,  which  should  be  sep- 
arated electrically  from  the 
part  of  the  control  which  is 
used  for  changing  the  resist- 
ance of  the  secondary  cir- 
cuit. Usually  the  secondary 
is  wound  for  less  than  600 
volts,  and  in  standard  motors 
the  secondary  voltage  and 
current  do  not  change  ma- 
terially for  different  primly 
voltages.  This  fact  makes 
possible  the  use  of  the  same 
secondary  controller  with  a 
number  of  diflferent  primary 
switches.  For  a  primary  po- 
tential of  600  volts  or  less, 
air-break  switches  are  used. 
If  it  is  2200  volts  or  more, 
oil  switches  are  frequently 
employed,  although  for  certain  classes  of  service  air- 
break  magnetic  contactors  have  come  into  use. 

^^'here  the  motor  operates  in  one  direction  only,  the 
primary  switch  often  consists  of  a  circuit  breaker  or  a 
knife  switch  and  fuses,  and  either  a  face  plate  or  drum- 
type  secondary  controller  is  used.  If  automatic  accelera- 
tion is  required,  both  the  primary  and  secondary  control 
consist  of  magnetic  contactors,  as  shown  in  Fig.  i. 

If  the  motor  is  to  be  reversed  at  frequent  intervals, 
a  drum  controller  having  both  primary  and  secondary 
switches  is  generally   used   for  small  motors."     Large 


FIG.     2  -7-  DOUBLE-POLE     C  0  N- 
TACTOR  AND  SERIES  ACCEL- 
ERATING RELAY 

This     contactor     illustrates 

switches  2  and  3  in  Fig.  I 

with  their  respective 

relays. 
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FIG.   3 — LIQUID  RHEOST.\T    CONTROL 

For  large  wound  secondary  induction  motors, 
motors  usuall}"   require   magnetic  contactors,   in   which 
case  the  same  master  switches  and  the  same  method  of 
overload   protection   may   be   employed   as    for   direct- 


*The  operation  of  a  motor  controlled  in  this  way  is  ex- 
plained in  the  Journal  for  April,  1917,  Fig.  5. 


tThis  is  shown  in  Figs.  8  and  9  in  the  Jol'RNal  for  Feb- 
ruary, 1917. 
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current  control.*     Low-voltage  release  or  low-voltage 
protection  can  be  obtained  in  the  same  way. 

For  motors  of  200  horse-power  and  larger,  the  sec- 
ondary control  often  consists  of  a  liquid  rheostat,  Fig.  3. 
Each  phase  of  the  secondary  of  the  motor  is  connected 
to  a  series  of  iron  plates.    These  iron  plates  extend  down 
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FIG.   4 — CONNECTIONS   FOR   STARTING  A   SQUIRREL-CAGE   MOTOR 

BY   SERIES  RESISTANCE 

FIG.   5 — CONNECTIONS    FOR   STARTING  A   SQUIRREL-CAGE    MOTOR 

BY  AN  AUTOSTARTER 

In  the  starting  position  contacts  i  are  closed.  In  the  run- 
ning position  contacts  i  are  open  and  contacts  2  are  closed.  The 
amperes  given  are  for  the  starting  position  only  and  are  merely 
relative.  The  no-voltage  coil  serves  to  hold  the  handle  in  the 
running  position  against  the  action  of  a  spring  which  returns  it 
to  the  off  position  if  the  voltage  is  interrupted  or  reduced  below 
a  certain  value.  Either  one  of  the  overload  coils  will  interrupt 
the  circuit  of  this  no-voltage  coil. 

into  a  tank,  which  may  be  filled  with  an  electrolyte,  usu- 
ally carbonate  of  soda  and  water.  These  plates  are  of 
different  depths  and  so  arranged  that  the  number  of 
plates,  as  well  as  the  immersed  area,  increases  as  the 
water  level  rises.  By  properly  proportioning  these  plates, 
the  desired  acceleration  can  be  obtained.  In  Fig.  3,  the 
iron  plates  or  electrolytes  extend  into  the  upper  tank, 
while  underneath  is  a  larger  tank  used  for  storing  and 
cooling  the  electrolyte.  A  centrifugal  pump,  driven  by 
a  small  motor,  lifts  the  electrolyte  from  the  lower  into 
the  upper  tank.  A  valve  or  weir  in  the  upper  tank  can 
be  adjusted  to  give  any  desired  level,  and  is  operated 
by  the  same  lever  that  operates  the  master  switch.  A 
master  switch  controls  contactors  in  the  primary  of  the 
motor.  A  movement  of  the  operating  lever  in  either 
direction  first  operates  the  master  switch  to  close  the  pri- 
mary circuit  of  the  motor  with  a  small  amount  of  elec- 
trolyte in  the  upper  tank.  A  further  movement  of  the 
lever  increases  the  height  of  this  electrolyte  until  full 
speed  of  the  motor  is  obtained.  The  pump  has  only  a 
limited  capacity,  so  that  an  appreciable  time  elapses  be- 
tween the  movement  of  the  weir  and  the  increase  in  the 
height  of  the  electrolyte ;  this  time  element  can  be  ad- 
justed so  that  the  minimum  period  of  acceleration  is 


fixed  at  a  safe  value.  The  weir  is  large  enough  to  per- 
mit the  electrolyte  to  discharge  very  rapidly,  so  that 
when  the  lever  is  thrown  quickly  from  the  forward  to 
the  reverse  direction  the  electrolyte  will  be  at  approxi- 
mately its  minimum  level  when  the  primary  switches  are 
reversed.  The  continual  pumping  of  the  electrolyte  from 
the  lower  tank  to  the  upper  tank  and  the  discharge 
through  the  weir  causes  a  rapid  circulation  and  dissi- 
pates the  heat  energy  with  a  minimum  amount  of 
steaming. 

The  advantages  of  the  liquid  controller  are, — i — its 
simplicity ;  2 — its  large  thermal  capacity,  which  enables 
it  to  sustain  heavy  overloads  for  short  intervals  of  time, 
and  3 — the  absence  of  definite  notches  or  steps,  so  that 
absolutely  smooth  acceleration  is  obtained.  In  this 
country  there  has  been  little  demand  for  this  form  of 
controller  in  small  sizes,  partly  due  to  a  prejudice  against 
the  use  of  a  liquid  and  partly  because  the  other  forms 
of  controllers  are  usually  cheaper  for  small  motors. 

SQUIRREL-C.\GE    MOTORS 

The  current  taken  by  an  induction  motor  in  starting 
can  be  limited 
by  placing  re- 
s  i  s  t  a  n  c  e  in 
series  with  the 
p  r  i  mary  and 
using  a  short- 
circuited  s  e  c- 
ondary.  This 
form  of  sec- 
ondary is  com- 
m  o  nly  known 
as  a  squirrel- 
cage  secondary 
and  the  motor 
is  spoken  of  as 
a  squirrel-cage 
motor.  If  re- 
sistance is  used 
in  series  with 
the  p  r  i  mary, 
the  current  will 
be  reduced  in 
pro  portion  to 
the  resistance 
inserted.  The 
torque  of  the 
m  o  t  o  r,  how- 
ever, will  de- 
crease as  the 
square  of  the 
voltage  across 
its  terminals.* 
This  method  of  starting,  Fig.  4,  is  very  simple  and 
inexpensive  and  is  sometimes  used  with  small  motors. 
There  are  a  few  applications  for  large  motors  which 
will    require    80    percent    of    normal    voltage    to    start 


FIG.  6 — AUTOSTARTER   WITH   COVER   AND   OIL 
TANK  REMOVED 


tAs  described  in  the  Journal  for  May,  1917. 


^•\s  described  in  the  Journal  for  .'Kpril,  191? 
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where  this  form  of  starter  would  be  more  satisfactory 
than  a  transformer.  The  maximum  current  is  taken  at 
the  time  the  motor  starts  from  rest,  and  this  current 
gradually  decreases  as  the  motor  increases  in  speed,  so 
that  the  voltage  on  the  terminals  of  the  motor  will  grad- 
ually increase,  as  the  drop  through  the  resistance  is  pro- 
portional to  the  current. 

Autostarters — Nearly  all  squirrel-cage  induction 
motors  are  started  by  using  a  transformer  to  apply  a  re- 
duced voltage  to  the  primary  of  the  motor.  The  advan- 
tage of  a  transformer  over  a  resistor  is  the  fact  that  the 
reduced  voltage  is  obtained  with  little  or  no  loss  in 
power,  and  therefore  the  current  drawn  from  the  line  is 
less  than  the  current  taken  by  the  motor  in  the  ratio  of 
the  starting  voltage  to  the  line  voltage.  The  connections 
commonly  used  for  this  type  of  starter  are  shown  in 
Fig.  5.  The  transformer  has  only  one  winding  and  is 
usually  called  an  "autotransformer."  The  complete  de- 
vice is  called  an  "autostarter"  or  a  "compensator."  The 
relative  values  of  current  in  the  different  circuits  during 
starting  are  shown  on  the  diagram,  not  including  losses 
in  the  transformer.  These  values  of  current  are  given 
merely  to  bring  out  the  saving  in  power  which  results 
from  this  method  of  starting.  The  starting  voltage  is 
assumed  to  be  65  percent  of  normal,  which  gives  ap- 
proximately 50  percent  of  the  torque  which  the  motor 


continuous  operation  and  requires  heavy  starting  torque 
it  is  undesirable  to  use  a  high-resistance  secondary,  and 
therefore  the  wound  secondary  motor  is  preferable. 

A  commercial  starter  for  small  and  medium-sized 
motors  is  shown  in  Fig.  6.  The  switch  in  the  lower  part 
of  the  case  is  immersed  in  oil.  Above  the  switch  is  the 
transformer,  and  in  front  of  the  transformer  is  located 
the  overload  protection.  In  the  off  position  the  handle 
stands  central.  To  start  the  motor  the  handle  is  moved 
in  the  direction  which  closes  the  contacts  marked  i,  Fig. 
5.  After  the  motor  has  accelerated  to  approximately 
full  speed,  the  handle  is  moved  in  the  opposite  direction 
and  the  contacts,  which  are  marked  2,  are  closed.  The 
handle  is  held  in  this  position  by  a  small  magnet  called 
the  no-voltage  coil,  which  releases  the  handle  on  the 
failure  of  voltage  and  allows  it  to  return  to  the  off  posi- 
tion. A  latch  is  usually  provided  to  prevent  the  oper- 
ator from  accidentally  throwing  the  handle  into  the  run- 
ning position  first. 

In  passing  from  the  starting  to  the  running  position 
with  this  arrangement,  it  is  necessary  to  open  the  con- 
nections, so  that  the  motor  will  not  be  connected  to  the 
starting  tap  on  the  transformer  and  at  the  same  time 
connected  to  the  line,  as  this  would  short-circuit  a  sec- 
tion of  the  transformer  and  probably  destroy  it.  In 
starting  large  motors  it  is  often  desirable  to  pass  from 
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FIG.   7 — CONNECTIONS   OF   .\UTOSTARTER 

With  resistor  to  obviate  opening  the  cir- 
cuit when  shifting  from  starting  to 
running  positions. 

would  e.xert  at  standstill,  if  it  were  connected  to  full 
voltage.  This  starting  torque  of  the  motor  at  full  volt- 
age is  usually  from  150  to  200  percent  of  full-load 
torque,  so  at  65  percent  of  line  voltage,  the  starting 
torque  would  be  from  75  to  100  percent  of  full-load 
torque,  which  is  sufficient  to  start  most  loads.  Other 
taps  are  provided  on  the  transformer  so  that  the  starting 
voltage  may  be  adjusted.  If  more  than  80  percent  of  the 
line  voltage  is  required  to  start  the  motor  there  is  very 
little  use  of  employing  a  transformer  for  starting  pur- 
poses. Such  a  condition  usually  indicates  that  the  motor 
is  not  suitable  for  the  particular  application ;  either  a 
wound  secondary  motor  should  be  used  or  a  larger 
squirrel-cage  motor.  The  starting  torque  of  a  squirrel- 
cage  motor  can  be  increased  by  increasing  the  secondary 
resistance.  This,  however,  decreases  the  efficiency  of  the 
motor.  Usually  the  secondary  resistance  of  a  squirrel- 
cage  motor  is  adjusted  by  using  different  materials  in  the 
rings  short-circuiting  the  secondary  windings  and  is  not 
adjustable  after  the  motor  is  built.  One  method  of  in- 
creasing the  starting  torque  of  an  existing  motor  is  to 
saw  slots  in  the  short-circuiting  rings  between  the  connec- 
tions to  the  winding  bars.    Where  the  motor  is  used  for 


8 — CONNECTIONS    FOR    MULTIPOINT 
ST.\RTING   WITH   AN   AUTO- 
ST.\RTER 


9 — MODIFIED     METHOD     OF     PRODUCING 
MULTIPOINT  STARTING  WITH  AN 
AUTOTRANSFORMER 


the  starting  to  the  running  position  without  opening  the 
motor  circuit.  This  may  be  done  by  using  a  resistance 
connected  as  R  in  Fig.  8.  This  resistance  is  inserted 
between  the  starting  tap  and  the  line  to  prevent  short- 
circuiting  the  transformer  at  the  time  the  connections 
are  changed.  In  this  arrangement  the  contacts  marked 
2  and  5  represent  the  starting  connections.  They  are 
not  opened  until  after  contacts  4  are  closed. 

\\'here  several  starting  steps  are  used,  the  arrange- 
ment shown  in  Fig.  8  may  be  made.  This  makes  use  of 
a  small  autotransformer  or  coil,  the  center  of  which  is 
connected  to  the  motor  lead.  After  the  autotransformer 
is  energized,  contact  5  of  this  auxiliary  coil  is  connected 
to  the  starting  tap.  One-half  of  the  coil  then  acts  as  a 
choke  coil  and  gives  the  minimum  starting  voltage. 
When  contact  4  is  closed  an  intermediate  voltage  is  ob- 
tained. Contact  3  is  then  opened  and  5  closed,  which 
connects  the  motor  directly  to  the  line,  giving  the  final 
step  in  starting.  This  method  makes  a  very  simple  set 
of  connections  for  a  magnetic  contactor  starter  where  a 
multipoint  starter  is  required. 

A  modification  of  this  arrangement  is  shown  in  Fig. 
9.      This    arrangement    is    similar   to    Fig.    5,    but   the 
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switches  are  operated  in  a  different  manner.  The  con- 
tacts marked  /,  2  and  5  are  first  closed.  This  gives  the 
same  connection  as  closing  contacts  /  in  Fig.  5.  If  con- 
tacts 2  are  now  opened,  one  end  of  each  autotransformer 
is  disconnected  from  the  line  and  the  motor  is  left  across 
the  line  with  a  part  of  the  transformer  winding  in  series, 
which  acts  as  a  choke  coil.  Switch  4  is  immediately 
closed,  connecting  the  motor  to  the  line.  This  short- 
circuits  a  section  of  the  transformer  but,  since  the  wind- 
ing is  not  energized,  no  harm  results.  Switch  5  is  now 
opened,  disconnecting  the  motor  from  the  transformer. 
Disconnecting  the  primary  of  an  induction  motor 
from  the  line  when  passing  from  the  starting  point  to 
the  running  position  makes  very  little  difference  with 
small  motors.  With  large  motors,  however,  in  special 
cases,    it    may   cause   surges   of    current    and   voltage.* 


These  surges  are  more  apt  to  occur  in  high-speed  than  in 
slow-speed  motors.  They  depend,  however,  upon  the 
characteristics  of  the  motor  and  can  readily  be  taken 
care  of  by  the  manufacturer  when  he  furnishes  the 
motor  and  the  starter  as  a  combined  unit. 

Automatic  acceleration  for  alternating-current  con- 
trollers at  present  is  limited  to  the  series  relay  method 
or  a  time-element  method.  The  time-element  method  is 
very  satisfactory  where  the  timing  device  can  be  relied 
upon.  For  rapid  acceleration  and  reversing  service,  the 
series  relay  method, t  shown  in  Fig.  i,  is  the  best  method 
to  use. 


*This  is  brought  out  in  Mr.  Hellmund's  paper  on  "Transient 
Conditions  in  Asynchronous  Induction  Machines  and  Their  Re- 
lation to  Control  Problems,"  in  the  Proc.  AJ.E.E.,  Feb.,  '17. 

tDescribed  in  the  March,  1917,  issue  of  the  Journ.\l. 


A'^  Appli-o-l  to  iho   !!^lc!otrlcally-0jvorflto>l  VVashidi^  iVlacnino 


\'.  M.  Beeler 


CONSIDERING  the  home  as  an  institution  for  the 
production  of  household  service,  the  subject  of 
domestic  engineering  opens  wide  possibilities  in 
electric  motor  applications.  The  highest  efficiency  in 
household  management  must  mean  the  general  adoption 
of  electrically-operated,  labor-saving  devices  for  domes- 
tic use.     Many  of  the  problems  of  home  economy  have 


FIG.    I — DOLLY-TYPE,   ELECTRICALLY-OPERATED    WASHING    MACHINE 

With  the  drive   from  beneath  the  tub.     This  leaves  top  of  the 

tub  free   from  mechanism,  so  that  it  can  be  used 

as  a  table  for  the  clothes. 

already  been  solved  by  motor  application,  and  a  consid- 
erable field  is  yet  undeveloped. 

Disposing  of  the  weekly  wash  was  at  one  time  the 
most  severe  household  duty.    It  consumed  much  time,  it 


required  much  labor  and  it  proved  more  destructive  to 
the  clothes  than  did  the  ordinary  wear,  and  for  these 
reasons  it  has  been  among  the  first  to  receive  the  atten- 
tion of  those  working  for  the  development  of  labor- 
saving  machines  for  the  home.  The  perfecting  of  the 
domestic  washing  machine  has  made  remarkable  prog- 
ress within  the  last  five  years.  The  early  types  of  ma- 
chines relieved  the  task  to  a  limited  degree,  but  their 
operation  required  considerable  human  effort.  The  first 
attempt  to  lighten  the  in- 
dividual burden  of  oper- 
ating the  washer  was  evi- 
dent from  the  appearance 
of  some  of  the  later 
manually  -  operated  ina- 
chines.  A  division  of 
labor  was  first  obtained 
by  eqtiipping  the  machine 
with  a  lever  and  fulcrum 
on  the  side  of  the  tub. 
The  upper  end  of  the 
lever  terminated  in  a 
handle,  while  the  lower 
end  provided  a  foot 
pedal.  The  task  was 
thus  distributed,  and  the 
operator  could  sit  while 
doing  the  washing.  Other 
forms  took  that  of  plac- 
ing a  handle  and  fulcrum  on  two  opposite  sides  of  the 
tub,  by  means  of  which  the  services  of  the  younger  mem- 
bers of  the  family  could  be  utilized.  The  water  motor 
and  the  gasoline  engine  were  later  resorted  to  as  drives 
for  washing  machines,  but  their  applications  were  lim- 
ited, (Mfrto  high  initial  cost,  upkeep  and  excessive  oper- 
ating ^pense. 


FIG.    2 — DOLLY'-TYPE    WASHING 
MACHINE 

Showing     the     splash-proof 

motor  mounted  underneath 

the  wooden  tub.     All 

gears  enclosed. 
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Electric  motor  drive  has,  however,  solved  most  of 
the  washing  machine  problems,  and  co-operation  be- 
tween the  central  station,  the  electric  motor  manufac- 
turer and  the  washing  machine  builder  has  brought  this 
branch  of  domestic  engineering  to  the  point  where  it  is 
now  about  the  largest  and  most  thoroughly  developed 
of  any.     The  central  station  sought  increased  day  load 


FIG.  3 — nOI.I.Y  POWER  W.VSHUR 

With  tup  up  to  show  construction  of  the  dolly. 

and  extended  their  lines,  opening  up  new  districts;  the 
electrical  manufacturer  realized  the  unusual  held  for 
motor  drive  and  specialized  in  motors  for  washing  ma- 
chine applications  ;  washing  machine  manufacturers  saw 
the  removal  of  the  last  obstacle  in  the  way  of  power 
drive  and  perfected  numerous  refinements  in  their 
product.  The  result  has  been  the  marketing  of  many 
thousands  of  motor-operated  domestic  washing  ma- 
chines annuidly. 

TYPES  OF  W.ASHING   M.VCHINES 

The  fundamental  principle  in  all  washing  machines 
is  essentially  the  same.  The  forcing  of  soapy  water 
back  and  forth  through  the  meshes  of  cloth  is  the  pro- 
cess to  be  brought  about,  and  this  can  be  done  in  many 
different  ways.  Consideration  is  given  here  only  to 
the  more  important  types  of  machines,  in  the  order  of 
their  development.  It  will  be  evident  that  there  are 
almost  as  many  diiTerent  types  of  washers  as  there  are 
mechanical  means  of  agitating  the  water  and  clothes. 
Electric  motor  drive  opened  the  way  for  wide  diversity 
of  application  for  power,  and  has  brought  about  the 
ingenious  solution  of  the  mechanical  problems. 

Dolly  Machines — The  mechanical  agitator  of  this 
type  of  washer  is  its  distinguishing  feature.  Dollv  ma- 
chines were  the  first  to  be  developed  for  hand  operation 
and  naturally  received  the  first  impetus  from  the  ap- 
plication of  power.  The  dolly  is  a  simple  and  efifective 
means  of  moving  the  clothes  back  and  forth  through  the 
water.     It  is   formed   from   four  or  five  wooden  pegs. 


which  extend  down  into  the  tub  from  a  reciprocating 
platform  so  that  the  clothes  are  engaged  and  forced 
through  the  water.  It  was  undoubtedly  patterned  after 
the  human  hand  which  it  replaces  in  the  washing  opera- 
tion. 

A  good  mail)'  different  forms  of  these  machines  are 
now  in  use,  the  principal  distinction  being  in  the  modi- 
fication of  the  agitator.  The  dolly  can  be  replaced  with 
a  flat  wooden  disc  provided  with  wooden  strips  on  its 
surface  which  serve  to  agitate  and  rub  the  clothes. 
Small  holes  drilled  through  the  disc  increase  the  circula- 
tion of  the  water  to  all  parts  of  the  tub.  In  other 
models  the  dolly  is  shaped  into  a  metal  vacuum  cup, 
which  has  an  up  and  down,  as  well  as  a  rotary,  motion 
in  forcing  the  water  through  the  clothes. 

The  inside  of  the  tubs  of  these  machines  are  usually 
corrugated,  so  that  the  principle  of  the  washboard  is 
adhered  to.  The  motors  are  mounted  underneath  the 
tub  on  a  platform,  so  as  to  be  out  of  the  way.  By 
gears,  belt  or  chain,  the  power  is  transmitted  to  the 
washing  machine  and  wringer.  The  wringers  on  some 
types  may  be  swung  into  several  different  positions: 
The  capacity  of  the  tub  is  approximately  the  equivalent 
of  six  sheets,  or  generally  large  enough  to  accommodate 
the  wash  of  a  family  of  four  to  six  persons. 

Dolly  machines  as  a  class  have  a  large  market  and 
require  less  expensive  manufacturing  equii)ment  than 
machines  of  later  development. 

Dolly  Power  Table — Demands  for  larger  capacity  in 
ihe   dollv   machine   resulted   in    refinements,   classed   as 


riC.   4 — DOLLV-TVPE  W.\SHER 

Showing  special  gas-heating  fixture  under  metal  tub. 

"power  tables"  or  "racks."  One  form  mounts  the 
wringer  on  a  sliding  rack  so  that  it  can  be  moved  to 
any  position  along  the  bench,  which  is  made  to  accom- 
modate two  tubs  in  addition  to  the  washer.  By  means  of  a 
clamp,  the  driving  rod  for  the  wringer  may  be  made  to 
engage  the  line  shaft  on  the  table  at  any  desired  place. 
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Other  forms  of  the  dolly  power  table  have  been  devel- 
oped recently  with  the  driving  shaft  coming  up  through 
the  center  of  the  table.  The  washer  and  tubs  arc 
mounted  on  opposite  sides  of  this  power  shaft,  so  that 
no  shifting  of  the  wringer  stand  is  necessary.  On  these 
types  the  wringer  can  be  swung  around  into  four  dilTer- 
ent  positions,  so  that  it  will  accommodate  the  different 
tubs  and  machine  on  the  rack. 

Rez'olving  CvHiidcr  Alacliiiic — Machines  of  this  class 
have  for  the  most  part  been  made  possible  since  the  elec- 
tric motor  drive  came  into  tise.  They  conform  generally 
to  the  larger  equipment  used  in  public  laundries,  both  in 
construction  and  principle  of  operation.  An  outer  sta- 
tionary cylinder  contains  the  water  and  forms  a  support 
for  the  inner  perforated  cylinder  which  revolves  and 
carries  the  clothes.  The  perforations  of  the  inner  cyl- 
inder are  such  that  a  free  passage  of  water  is  allowed  to 
all  parts  of  both  cylinders.  The  action  consists  in  a 
tumbling  of  the  clothes  in  the  inner  cylinder  as  it  rotates, 
causing  a  suction  which  forces  the  water  through  the 
garments.     This  cylinder  makes  apjiroximatelv  J4  revo- 


tcntion  has  been  given  to  the  safety  of  the  operator  in 
this  type  of  machine,  in  recent  models  all  belts,  gears, 
chains,  rods,  etc.,  being  carefully  enclosed.  Washing 
and  wringing  operation  may  be  carried  on  at  the  same 
time.  The  motor  is  mounted  underneath  the  machine 
or  u].)on  the  side  and  all  driving  mechanism  is  removed 
from  the  top  of  the  tub.  so  that  this  space  becomes 
available  as  a  table  during  other  washing  processes, 
while  the  machine  is   in  operation. 

.^ince  the  cylinder  machines  usually  employ  metal 
construction  throughotit,  their  manufacture  requires  a 
more  elaborate  equipment,  and  they  are  finished  more 
completely  than  the  earlier  types  of  washers.  The  ma- 
chines of  this  class  are  furnished  in  sizes  to  accommo- 
date small  families  of  four  to  six  people  and  in  larger 
sizes  up  to  those  which  provide  for  the  requirements  of 
hotels,  hospitals  and  other  public  institutions. 

Oscillating    Macliiiic — As    the    name    suggests,    ma- 
chines of  this  class  operate  on  the  oscillating  tub  prin- 
ciple.      The     tub     is 
somewhat  triangular  .« 


l-IG.     5 — CYLINDER-TYPE,     ELECTRICALLY- 
OPER.\TED   WASHING   MACHINE 

With    reversing    wooden    cylinder    in 
metal  tub.   All  moving  parts  enclosed. 


.    6 — CVLINDER-TVPE    W.\6H1NG    MACHIXE 

Showing  position  of  gears,  motor, 

metal  cylinder   and 

wringer. 


FIG.    7 — CYLINDER-TYPE    WASHER 

Showing  reversing,  gear-driven  metal 

cylinder.     Metal  tub  construction, 

and  gears  enclosed  as  shown. 


lutions  per  minute.  To  further  diversify  the  action, 
some  types  provide  the  inner  cylinder  with  wooden 
vanes  set  symmetrically  on  the  inside  of  the  revolving 
cylinder.  As  rotation  occurs  the  vanes  agitate  the 
clothes  in  a  way  which  prevents  their  rolling  into  a  ball 
and  also  aids  in  the  cleansing  process.  In  most  of  the 
later  types  of  cylinder  machines,  however,  the  inner  cyl- 
inder automatically  reverses  its  direction  of  rotation 
every  six  to  eight  revolutions,  which  prevents  the  clothes 
from  rolling  up  in  a  ball  and  thoroughly  cleanses  them. 
The  inner  or  revolving  cylinder  is  made  from  wood,  per- 
forated sheet  metal  or  wire  mesh.  The  outside  cylinder 
or  tub  is  formed  from  galvanized  metal  or  copper. 

With  the  occasional  exception  of  the  wood  used  in 
the  inner  cylinder,  these  machines  are  entirely  con- 
structed of  metal.  They  represent  more  refinement  in 
construction  than  the  dolly  machine,  and  particular  at- 


in  form,  is  hung  in  a  metal  frame,  and  oscillates  about  a 
central  horizontal  axis.  The  washing  principle  is  essen- 
tially like  that  in  the  cylinder  type  in  that  the  clothes  are 
tumbled  from  the  top  of  the  tub  to  the  bottom  and  vice 
versa  during  each  oscillation.  The  bottom  and  sides  of 
the  tub  are  lined  with  V-shaped  ridges  of  smooth- 
surfaced  metal  strips.  The  oscillations  of  the  tub  cause 
the  contents  to  pass  over  the  V  ridges  which,  together 
with  the  suction  which  is  created,  furnishes  a  very  thor- 
ough cleansing  action. 

The  drive  from  the  motor  is  by  means  of  gears  and  a 
crank  shaft,  giving  the  oscillating  movement  to  the  tub. 
Cylindrical  springs  control  the  oscillation  so  that  a  posi- 
tive drive  is  maintained  at  all  times,  preventing  back 
lash  in  the  gearing  and  making  the  equipment  quiet  in 
operation.  With  this  principle  no  mechanical  agitator  is 
required.     The  wringer  is  mounted  on   the  top  of  the 
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supporting  rack  and  geared  by  rod  connection  to  the 
motor  beneath  the  tub.  It  is  of  the  swinging  type  and 
can  be  used  in  any  of  four  positions. 

Vacuum-Cup   Type — The  distinguishing   feature  of 
this  type  of  washer  is  that  a  positive  means  of  forcing 


FIG.  9 — CYUNDER-TYPE  W.VSIIER 

Having  reversing,  belt-driven, 

wooden  cylinder  and 

metal  tub. 


FIG.  8 — CYLINDER-TYPE  W.\SHER 

Having  non-reversing,  gear-driven,  com- 
bination wood  and  metal  cylinder 
and  metal  tub. 


t  li  e  w  a  t  e  r 
through  the 
meshes  o  f  the 
cloth  is  used.  In 
the  vaciumn-cup 
or  pressure  type 
the  clothes  are 
contained  in  a  vertical  cylinder,  through  the  bottom  of 
which  the  driving  rod  passes  from  the  driving  mechan- 
ism and  the  motor  beneath.  The  driving  rod  termi- 
nates inside  of  the  cylinder  in  a  cross-arm,  at  each  end 
of  which  is  supported  an  inverted  cup  or  basin.  In 
operation  the  driving  rod  has  an  up-and-down  move- 
ment, so  that  the  cups  are  pressed  down  on  the  clothes 
once  during  each  complete  cycle.  This  forces  the  water 
through  the  clothes  and  at  the  same  time  expels  the  air 
from  the  cup  or  basin.  When  the  pressure  is  released, 
by  the  up  stroke,  the  partial  vacuum  in  the  cup  forces 
the  water  back  through  the  clothes  again.  This  gives 
the  cleaning  action,  and  is  repeated  at  regular  intervals 
as  long  as  the  machine  is  in  operation.  By  means  of  the 
cross-arm  supporting  them  the  cups  are  rotated  through 
a  small  arc  on  each  up  stroke,  so  that  eventually  they 
engage  all  the  garments  in  the  cylinder.  The  wringer  is 
mounted  on  the  steel  frame  which  supports  the  cylinder 
or  tub,  and  by  rod  and  gear  is  driven  from  the  motor 
beneath  the  tub  in  the  usual  manner. 

In  one  of  the  later  models  of  vacuum  machines  a 
very  unique  arrangement  is  provided  for  wringing.  The 
clothes  are  carried  in  a  metal  basket  which  is  approxi- 
mately one-half  as  deep  as  the  enclosing  cylinder  con- 


taining the  water.  When  the  washing  process  has  been 
completed  the  vacuum  cups  are  removed,  and  pressure 
on  a  pedal  beneath  the  washer  raises  the  basket  of 
clothes  up  within  the  cylinder  and  clear  of  the  water. 
The  pressure  on  the  pedal  also  causes  a  change  in  con- 
tact diameters  of  the  discs  in  the  driv- 
ing mechanism  below,  so  that  the  wire 
basket  of  garments  is  now  given  a  high 
centrifugal  speed.  The  action  is  then 
similar  to  the  ordinary  extractor,  and 
the  clothes  can  be  dried  sufificiently  so 
that  they  can  be  removed  ready  for 
the  usual  processes  to  complete  the 
drying  without  resorting  to  the  use  of 
the  common  type  of  wringer.  The  ad- 
vantage of  this  type  of  machine  can 
readily  be  seen  to  be  that  the  entire 
washing  can  be  put  through  without 
having  to  handle  wet  clothes. 

The  drive  for  vacuum  machines  is  a 
simple  gear  and  crank  shaft  movement 
which  adapts  power  from  the  motor 
to  all  the  necessary  operations.  The 
up-and-down  cycle  of  the  driving  rod 
is  obtained  from  a  crank  shaft  oper- 
ating from  the  main  gear  wheel  below 
the  tub.  A  ratchet  attachment  turns 
the  cross-arm  supporting  the  cups 
through  a  small  arc  at  the  completion  of  each  cycle. 
The  wringer  shaft  takes  power  from  an  additional  gear 
reduction. 

In    those    vacuum    machines   using    the    centrifugal 
drier  the  drive  is  by  means  of  two  discs  instead  of  gears. 

TABLE    I — TEST    DATA    ON    A    TYPICAL    CYLINDER-TYPE 

WASHING    AL-VCHINE    REQUIRING    ONE-FOURTH 

HORSE-POWER  MOTOR 

Variations  in  power  required  for  a  given  condition  are  indicated 

in  the  watt  readings. 


Volts 

Amps. 

Watts 

Conditions 

■03 
104 

104 
102 

42—43 
4.6— 4.8s 

4  3—4  5 

4  2— S   S 

4  0—4.05 

40—5.1 

160—180 
260 — 300 

200 — 240 

200 — iba 

US— 140 

135-360 

Washer  fully  loaded. 

Washer  fully  loaded,  wringer  screwed 
down  tight,  no  clothes. 

Washer  fully  loaded,  wringer  screwed 
down  normal,  no  clothes. 

Washer  fully  loaded,  wringer  screwed 
down  normal,  wringing  clothes. 

Wringer  screwed  down  normal,  no 
clothes. 

Wringer  screwed  down  normal,  wring- 
ing clothes. 

MOTOR  CHARACTERISTICS 

\'olts 

,^mps. 

Watts 

R.P..M. 

Oz.  Ft. 
Torque 

Conditions 

no 
no 

4  SS 
50 

tiS 
320 

I7S)S 

12 
23 

.12 

No  load. 
Full  load. 
Starting    Torque. 
Maximum  Torque. 

Motor  starts  washer  fully  loaded  on  60  volts. 
Motor  starts  wringer  down  tight  on  63  volts. 

Motor  starts  washer  fuUy  loaded  wringer  normal  screwed  down  tight  on 
68  volts. 

Capacity  of  washer  =  10  sheets. 

Cylinder  type  washer. 

R.P.M.  of  washer  =18.    Nine  revolutions  in  one  direction,  then  reverse. 

R. P.M.  of  wringer  =38. 

Wringer  rolls  l)i"xl2". 

With  this  arrangement  the  vacuum  cups  have  an  up- 
and-down  movement  only  and  do  not  rotate.  During 
the  washing  operation  the  basket  containing  the  clothes 
revolves  slowly  under  the  cups.     The  drive  is  obtained 
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from  the  outside  diameter  of  a  disc  on  the  motor  shaft, 
which  engages  perpendicularly  the  flat  surface  of  the 
disc  in  the  washing  mechanism,  on  a  radius  near  the 
center  of  the  latter  disc.     This  gives  the  required  speed 

reduction  for  the 
slow  rotation  of 
the  basket  con- 
taining the  clothes 
under  the  vacuum 
cup.  For  the 
wringing  process, 
the  down  ward 
movement  of  the 
foot  pedal  raises 
the  clothes  basket 
out  of  the  water 
and  increases  the 
engaging  radii  of 
the  two  discs  so 
that  the  higher 
speed  for  the 
extracting  process 
is  obtained. 

M  a  c  h  ines  of 
the  vacuum  -  cup 
type  are  con- 
structed entirely 
of  metal,  are  very 
durable,  and  oc- 
cupy relatively 
small  floor  space. 
They  are  similar 


FIG.    13 — OSCILL.^TING-TYPE   OF   ELEC- 
TRICALLY-OPERATED   WASHING 
MACHINE 

Showing  metal  tub  on  central  horizontal 
axis  having  crank-shaft  drive  and  cyl- 
indrical spring  controlling  the  oscil- 
lations.   Tub  has  "V"  ridges 
lining  the  inside  walls. 


to  the  cylinder  and  oscillating  types  of  machines  with 
respect  to  equipment  and  class  of  construction,  retail 
price,  size,  etc. 

Impeller  Type — The  impeller  type 
of  washer  has  the  satne  fundamental 
principles  as  the  general  class  of  cyl- 
inder machines  discussed  previously. 
The  distinguishing  feature  is  that 
there  is  no  mechanical  connection  be- 
tween the  motor  and  the  cylinder  con- 
taining the  clothes.  This  greatly  sim- 
plifies the  mechanism  and  makes  the 
operation  very  quiet. 

The  general  outline,  washing  prin- 
ciple, etc.,  of  these  machines  are  the 
same  as  the  other  cylinder  forms.  The 
only  mechanism  required  for  its  oper- 
ation is  the  gear  drive  for  the  wringer 
and  a  propeller  on  the  motor  shaft. 
The  motor  is  mounted  vertically 
underneath,  so  that  its  shaft  passes 
through  the  bottom  of  the  tub  and 
then  has  the  propeller  mounted  on  it. 
Rotation  of  the  propeller  causes  a  pow- 
erful circulation  of  water  through  the 
perforated  cylinder  containing  the 
clothes,  causing  it  to  rotate.    The  cyl- 


inder is  non-reversing,  which  further  simplifies  the  driv- 
ing mechanism. 

The  wringer  is  a  built-in  part  of  the  machine  and  is 
mounted  on  the  top  and  back  of  the  frame  supporting 
the  cylinder  in  the  usual  manner.  Drive  is  from  the 
motor  by  beveled  gears  and  rods  providing  for  reversing 
and  general  control  of  the  wringer.  The  capacity  of 
these  machines  range  from  those  suitable  for  small 
families  to  those  of  larger  sizes  for  home  laundry  use. 

Brush  Type — Although  somewhat  limited  in  its  use, 
one  of  the  latest  types  of  washing  machines  employs  a 
very  simple  method  of  cleaning  the  clothes.  This  con- 
sists of  a  revolving  cylindrical  brush,  over  which  the 
clothes  are  passed  from  the  tub.  A  brass  guard  roll 
holds  the  clothes  in  contact  with  the  brush,  the  operation 
and  handling  of  the  clothes  being  very  similar  to  the 
general  method  of  wringing.  Each  garment  must  be 
handled  separately  and,  by  means  of  the  position  of  the 
auxiliary  roller,  may  be  passed  back  and  forth  over  the 
brush  several  times  until  thoroughly  cleaned.  A  small 
centrifugal  pump  draws  water  from  the  tub  and  sprays  it 
over  the  garments  during  the  scrubbing  process.  Con- 
trary to  the  usual  supposition,  the  action  of  the  brush 
is  not  destructive  to  ordinary  clothes. 

Tubs  are  not  generally  furnished  with  this  equip- 
ment. It  consists  of  a  rugged  supporting  rack  for  the 
scrubbing  rolls,  with  extensions  for  carrying  the  ordi- 
nary wringer.  The  mounting  is  furnished  for  the  motor, 
which  drives  both  the  wringer  and  the  scrubbing  rolls 
by  gears.  This  forms  a  portable  equipment,  and  has 
been  adopted  by  many  public  laundries  for  the  cleaning 
of  the  specially  soiled  parts  of  the  clothes  and  for  wash- 
ing curtains,  blankets,  etc.  The  brush  type  of  machine 
is  also  being  adopted  extensively  by  the  army  and  navy, 
as  it  is  very  effective  in  scrubbing 
the  uniforms.  Special  machines  are 
made  for  use  on  board  of  ships.     An 


FIG.    II — VACUUM-TYPE,  ELECTRICALLY- 
OPERATED  WASHING    MACHINE 

Phantom  view  showing  metal  basket  con- 
taining the  clothes  and  vacuum  cups 
in  the  "washing"  position. 


FIG.    12 — SAME  AS   FIG.    II 

Showing  the  vacuum  cups  removed 

and  tub  raised  ready  to  dry  the 

clothes  by  centrifugal 

action. 
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equipment  operated  by  a  gasoline  motor  has  been  per- 
fected for  use  by  armies  in  the  trenches  and  when  afield. 
Brush  types  of  machines  have  not  so  far  been  adopted 
generally  for  domestic  use,  but  there  are  undoubtedly 
many    uses    about    the    home    to    which    they    could   be 

adopted. 

All  of  the  types 
of  e  1  e  c  trically- 
operated  domestic 
washers  have 
b  e  e  n  perfected 
with  the  special 
regard  for  c  o  ii- 
venience.  e  c  o  n- 
omy  and  safety  in 
operation.  Control 
of  all  parts  enter- 
ing into  the  wash- 
ing operation  is 
e  a  s  i  1  V  had  by 
means  of  handles 
and  levers  c  o  n- 
veniently  located 
for  that  purpose. 
.Adaptation  of  the 
m  a  c  h  i  nes  and 
wringers  for  use 
with  laundry  tubs 
now  being  built 
into  most  modern 
homes  is  an  evi- 
Efficiency  of  drive, 
parts  and  the  use  of 


FIG.  13 — IMPELLER-TYPE  POWER  WASHER 

Propeller  causes  the  inner  metal  cyl- 
inder to  rotate  by  means  of  the 
water  force.   Wringer  is  gear  driven. 


dent  feature  in  all  of  the  designs, 
reduction  of  the  number  of  moving 
new  washing  methods  have  all  been  employed  with  a 
view  to  keeping  the  operating  cost  to  a  minimum.  Safety 
must,  of  course,  be  the  first  consideration  in  a  machine 
to  be  used  in  the  home.  All  moving  parts,  such  as  gears, 
belts,  chains,  etc.,  have  been  carefully  enclosed  in  all 
modern  types  of  domestic  power  washing  machines. 

CHARACTER  OF  LOAD 

Electrical  manufacturers  have  made  a  very  careful 
analysis  of  power  requirements  and  operating  cycles  of 
the  different  washing  machines  developed  in  order  to 
keep  abreast  of  the  rapid  growth  of  the  industry  with 
suitable  motors.  The  operator  of  a  power  machine  gen- 
erally knows  little  about  motor  characteristics  and  can- 
not appreciate  the  character  of  the  load  imposed  on  the 
motor  during  the  various  operations.  Therefore,  the 
most  recent  electric  motors  developed  for  this  industry 
have  been  especially  rugged  in  both  electrical  and  me- 
chanical design  and,  so  far  as  possible,  have  been  made 
proof  against  inattention  and  misuse. 

The  operating  cycle  of  the  domestic  washer  is  one  of 
many  peak  loads,  the  heaviest  of  which  is  that  brought 
on  during  the  wringing  operation  while  the  washer  is 
loaded.  An  improper  adjustment  of  the  wringer  rolls 
can  very  severely  overload  the  motor.     The  data  given 


in  Table  I  was  taken  during  the  test  of  a  typical  cylinder 
type  of  washing  machine. 

MOTOR    CHARACTERISTICS 

Electrical  Characteristics — Power  to  operate  the  ma- 
jority of  the  domestic  washers  is  taken  from  the  ordinary 
light  circuit,  and  most  of  the  motors  built  for  this 
service  are  single-phase  induction  motors  of  the  split- 
phase  type.  Most  of  them  have  been  of  one-sixth  and 
one-  fourth  horse- 
power capacity  at 
1700  r.p.ni.,  as  these 
two  types  have  been 
f  o  u  n  d  ca]iable  o  f 
operating  about  90 
percent  of  the  wash- 
ing machines  manu 
factured.  The  peak 
loads  noted  in  the 
test  data  shown  in 
Table  I,  which  occur 
very  often  in  the 
operating  cycle  of 
the  w  a  s  h  i  n  g  ma- 
chine, have  made  it 
necessary  to  develop 
split-phase  motors  with  a  high  ratio  of  starting  and  pull- 
out  torque  when  compared  to  the  full-load  torque  of  the 
motor.  The  majority  of  the  conditions  can  be  taken  care 
of  with  approximately  150  percent  full-load  torque  for 
start  and  approximately  250  percent  full-load  torque  for 
the  maximum  condition.  In  Fig.  16  is  shown  a  speed 
torc(ue  curve  of  a  typical  split-phase  washing  machine 
motor,  indicating  the  relation  between  the  starting 
torque,  full-load  torque  and  maximum  torque.  These 
torque  characteristics,  after  much  development  in  design, 
have  been  obtained  in  the  later  types  of  washing  ma- 
chine motors  without  drawing  an  excessive  current  from 
the  central-station  circuits  when  starting. 


lie.     14 — BRUSH-TYPE    W.\SHINr. 
M.\CHI.NE 

Having   liber  brush  and  brass  guard 
roll  in  addition  to  the  wringer  rolls. 


FIG.    15 — SPLASH-PROOF   WASHING    MACHINE    MOTOR 

Showing    mechanical    construction  .to    protect    windings    from 

splashing  and  at  the  same  time  supplying  ample 

ventilation  to  the  internal  parts. 

Split-phase  motors  must  have  a  suitable  open-circu- 
lating device  or  "cut-out"  for  the  starting  winding  to 
operate  as  the  motor  attains  approximately  75  percent  of 
full-load  speed.  The  cut-out  occurs  while  the  starting 
current  is  being  drawn,  and  for  this  reason  the  switch 
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should  be  rugged  enough  to  open  under  this  current 
without  long  duration  of  the  arc  and  without  rapid  wear 
at  the  contacts.  Obviously,  the  switch  has  a  distinct  ad- 
vantage if  it  has  no  moving  parts  or  sliding  contacts 
which  carry  current.  The  stationary  element  at  the  start- 
ing switch*  shown  in  Fig.  17  has  no  moving  parts  carry- 
ing current,  and  has  large  butt  contacts  with  a  wiping 
action  at  the  instant  of  opening  and  closing,  similar  to 
the  large  types  of  circuit  breakers,  and  is  one  which  has 
proven  very  durable  in  service.  This  stationary  element 
is  actuated  both  in  opening  and  in  closing  by  an  expan- 
sion ring,  which  is  fastened  to  the  rotor  of  the  motor  and 
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FIG.   16 — SPEED-TORQUE  CURVE  OF  .\  TVPICAI,  ONE-QUARTER   HORSE- 
POWER  W.VSHING-JIACHINE    MOTOR 

Showing  the  relation  between  starting,  full-load,  and  maximum 

or  pull-out  torques.     Provision   for  carrying  the  peak 

load  is  made  by  a  maximum  torque  of  2.5 

times  full-load  torque. 

expands  centrifugally  against  the  tension  of  three  small 
springs  as  the  motor  attains  about  three-fourths  of  its 
full-load  speed.     This  opens  the  circuit  of  the  starting 


*See  article  on  "Split-Phase  Motor  Starting  Switches,"  by 
Mr.  F.  S.  Dellenliaugh,  Jr.,  in  the  Joukxai,  for  May,  1917,  p.  198. 


winding  and  the  motor  then  operates  strictly  as  a  single- 
phase  motor. 

Mechanical  Characteristics  —  The  many  different 
types  of  washing  machines,  each  with  distinctive  methods 
of  drive,  required  electrical  manufacturers  to  provide 
mechanical  features  in  their  motors  which  would  be  flex- 
ible enough  for  adopting  to  ceiling  suspension  and  side 
wall  or  floor  mounting  with  little  trouble  and  expense. 
In  Fig.  15  is  shown  the  general  appearance  of  one  of 
the  later  types  of  washing  machine  motors  provided 
with  removable  end  brackets  and  a  drilling  for  mount- 
ing the  brackets  so  that  any  one  of  the  above-mentioned 
mountings  can  be  obtained  with  little  trouble.  The 
motors  are  usually  mounted  underneath  the  washel%  'so 
that  they  get  little  attention  for  long  periods  of  time. 
The  shaft,  bearings  and  lubricating  sys- 
tem on  these  motors  are  liberal  m  design 
and  provide  for  long  operating  periods 
with  the  minimum  atnount  of  attention. 
Lubrication  is  of  the  wick  type,  by 
means  of  which  the  oil  or  grease  is  car- 
ried automatically  to  the  shaft  from  the 
grease  cup  below.  The  only  attention 
necessary  is  the  occasional  refilling  of 
the  cup  with  a  non-medicated  vaseline. 
A  very  good  type  of  bracket  design  for 
motors  provides  for  good  ventilation  and  at  the  same 
time  protects  the  motor  against  splashing  water.  Venti- 
lating ducts  in  the  lower  part  of  the  bracket  permit  cur- 
rents of  air,  which  are  forced  through  by  the  ventilating 
plate  on  the  rotor  of  the  motor,  as  pointed  out  in  Fig.  15. 

The  operating  cost  of  the  majority  of  electrically- 
operated  washers  is  from  1.5  to  two  cents  per  hour  on 
the  basis  of  ten  cents  per  kilowatt-hour  for  power.  They 
represent  a  very  desirable  day  load  for  central  stations, 
as  they  are  generally  used  during  the  morning  hours. 


FIG.  17^ 
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THOSE  who  have  Ijecome  familiar  with  the  various 
uses  of  electric  furnaces  have  come  to  recognize 
that  the  electric  furnace  cannot  be  considered  a 
commercial  competitor  of  furnaces  heated  by  combus- 
tion on  a  B.t.u.  basis  only.  The  use  of  the  electric  fur- 
nace must  make  possible  the  attainment  of  something 
unattainable  by  combustion  methods,  or  else  there  is  no 
possibility  of  its  being  used  in  place  of  the  older  type 
excepting,  possibly,  under  very  unusual  conditions  as  to 
the  relative  costs  of  fuel  and  electrical  energy.  If  this 
is  true  of  high-temperature  processes  such  as  are  com- 


*From  a  paper  read  before  the  .'American  Electrochemical 
Society,  May  2-5,  1917. 


nionly  associated  with  electric  furnaces  it  needs  no 
argument  to  prove  it  true  for  low-temperature  processes 
in  which  combustion  methods  have  a  greater  advantage 
on  an  energy  cost  basis,  because  of  the  lower  temperar 
tures  at  which  the  products  of  combustion  can  be  disr 
charged.  This  condition  is  frankly  admitted,  and  it 
should  be  understood  at  the  start  that  it  is  not  the  inten- 
tion to  urge  the  general  substitution  of  electric  heating 
for  combustion  heating  in  low-temperature  processes  in 
general,  or  in  some  low-temperature  processes  exclu- 
sively. There  are  certain  low-temperature  processes 
which,  vmder  certain  circumstances,  can  be  conducted  to 
better  commercial  advantage  by  means  of  electric  heat- 
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ing  than  is  possible  by  means  of  combustion  heating,  and 
it  is'thKpiiri)bSe  of  this  article  to  point  out  some  of  these 
processes,  some  of  the  phenomena  connected  therewith 
which  indicate  the  aidvisability  of  heatihg  electrically, 
and  itimeof  the  possibilities  Vvhich  electric  heating  un- 
foMs7^"-M    --    :".^:;;^ '--«•;":•!    '.^■Si:y^~'->    :>■/!-;;:•:      ..-.i    . 

-^fie'^^A^f^  Ib^' fep»Mrei ' 'f Of  '  pi'eserit  ^  pul^^^^ 
maly' '  \>l '  'f ak'eh  'as"  r^Ferrih^  ~  to  '  tenipefatttres  belbw  290 
degrees' C;  Such  temperatures  are  below  practically  all 
commerdial  metal-melting  temperatures,  but  are  coniihon 
in  numerous  baking  and  drying  operations  which  form 
a  surprisingly  large  part  of  industrial  processes. 

'  The  exploitation  of  electric  heating  for  such  low 
temperatures  in  industrial  practice  is  comparatively  old, 
since  numerous  small  electrically-heated  appliances  oper- 
ating at  such  temperatures  have  been  used  as  a  matter 
of  convenience  in  manufacturing  establishments  for  a 
number  of  years.  During  the  past  few  years,  however, 
the  use  of  electric  heating  for  such  temperatures  has 
been  adopted  in  cases  calling  for  the  installation  of 
equiprnents  with  capacities  ranging  from  several  hun- 
dred to  several  thousand  kilowatts.  This  is  obviously  a 
different  proposition,  and  must  be  based  on  a  far  broader 
consideration  than  mere  convenience.  The  best  example 
of  the  extensive  adoption  of  electric  heating  for  low- 
temperature  work  is  furnished  by  the  electric  japanning 
equipment  installed  during  the  past  few  years.  For  this 
reason  this  industry  will  be  discussed  at  some  lertgth 
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undergo  oxidation  and  polymerization.  It  is  also  prob- 
able that  complicated  reactions  occur  between  the  numer- 
ous varieties  of  hydrocarbons  and  hydrocarbon  deriva- 
tives present  in  the  mixture.  The  general  lack  of  exact 
knowledge  is  shown  by  the  fact  that  few,  if  any,  makers 
of  japan  can  predict  the  behavior  of  their  materials 

'  under  unusual  conditions.  At  the  present  time  a  num- 
ber'6f  Chemists  who  have  been  specially  trained  in  the 
technoldgy  of  paints  and  varnishes  are  at  work  on 
japans,  ahd  it  is  pfobable  that  more  exact  information 

With  regird  tb  theSematerials  will  be  available  in  the 
future.  -*    ■ 

When  electric  baking  of  japan  was  first  considered  a 
few  years  ago,  it  was  found  that  practically  all  japan- 
ning practice  was  of  an  empirical  character.  Moreover, 
no  two  japanners  seemed  to  agree  upon  the  proper 
methods  of  applying  and  baking  a  given  japan  even 
when  all  essential  variables,  such  as  weight  and  char- 
acter of  work,  were  the  same.  Discussion  of  the  various 
problems  with  many  users  and  with  many  makers  of 
japans  brought  out  the  fact  that  practically  all  agreed 
upon  certain  rules  and  regulations,  but  that  there  was 


_  ..„ .  JAPANNING,  ..      ^,  .    j^   j„,  _ 

The  name  i"j  apari";  originaUy  referred .  to  a; 
liquid  lacquer  or  varnish  made  from  vegetable 
in  Japan  and  used  as  a  protective  or  decorative 
on  objects  made  of  wood  and  other  materials, 
original  japan  was  converted  into  a  hard,  brilliant  ma- 
terial by  exposure  to  sunlight.    At  the  present  time  the 

word  japan  is  used  as  a  sort  of  collective  title  for  a  ^jc  i_photomicrograph 

number  of  paint-like  materials  which  are  intended  to  be         Showing  the  typical  structure  of  a  coat  of  japan  which  was 
baked  at  various  temperatures  between   100  and  260 
degrees  C,  and  which  are  generally  used  for  decorative 


or  protective  coatings  on  metal  objects.  Originally, 
these  baking  japans  were  much  like  varnishes  to  which 
pigment  had  been  added,  but  as  the  development  of  the 
industry  made  more  and  more  specific  demands  the  num- 
ber of  japans  manufactured  was  greatly  increased  and 
many  different  formulas  were  adopted.  At  the  pres- 
ent time  one  can  purchase  under  the  name  japan 
materials  varying  from  combinations  of  pigments  with 
driers,  linseed  oil  and  expensive  gums  to  materials  which 
are  little  more  than  Gilsonite  or  other  asphaltic  com- 
pound carried  in  a  suitable  solvent  with  enough  oil  Or 
similar  material  to  make  it  resilient  after  baking.  Driers 
are  often  included  in  the  mixture,  but  this  is  not  a  uni- 


baked  in  a  direct-fired  gas  oven. 

a  large  mass  of  so-called  trade  secrets  which  were,  partly 
or  wholly,  mutually  contradictory.  Obviously,  this  par- 
ticular art  had  not  yet  progressed  beyond  the  empirical 
state.  Scientific  analysis  had  not  been  extensively  under- 
taken, no  consistent  mass  of  scientifically  accurate  facts 
had  been  accumulated,  and  operators  were  hired  on  the 
basis  of  a  self-advertised  collection  of  rules  of  thumb 
combined  with  most  wonderful  and  weird  imaginary 
charms  of  various  sorts  for  insuring  excellent  results. 
The  executives  responsible  for  factory  production  were 
entirely  at  the  mercy  of  these  self-styled  experts,  some 
of  whom  were  remarkably  clever  men,  but  many  of 
whom  could  really  lay  no  claim  to  such  a  title.    Under 


such  conditions,  the  japanning  room  was  a  source  of 
versaTpractice.       ;'  '"'",  ^-  ■•-"'-•  i  ^j.':--  "u     1  i:."  '-'constant  worry.     On  one  day  very  satisfactory  results 
The  changes  whfcli'W(i&t'lid'rVi'tfi^%a1tili^WtHfe/6°\^^  obtained,  and  on  the  next  all  sorts  of  imperfections 

japans  are  very  complicated,  and  are '  nbt '  yet 'entirely '  appeared.  In  many  estabhshments  an  average  rejection 
analyzed  from  the  scientific  standpoint.  It  is  certain  'of  as  miich  as  ten  percent  of  the  finished  wOrk  was  re- 
that  the  solvent  partly  or  wholly  evaporates  during  the     garded' as  a'ehafkcteristic  of  japanning  processes  ahd 


baking,  and  it  is  also  certain  that  the  oils  and  gums     was  takepas  a  matter  of  course.. 


In  some  instances  on 
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record  rejection  of  over  50  percent  for  several  days  in 
succession  occurred  at  irregular  intervals.  Such  facts 
indicate  plainly  to  the  trained  observer  that  one  of  two 
conditions  exists.  Either  the  conditions  necessary  to 
insure  completely  satisfactory  work  are  not  known  or 
else  the  control  of  the  essential  variables  is  imperfect. 
In  the  case  under  discussion  both  conditions  seemed  to 
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FIG.   2 — CROSS-SECTION   OF  .\  J.\PANNED   SURFACE 

Showing  coat  of  japan  applied  to  the  metal.     During  the 

process  of  baking,  the  hot  gases  pass  over  the 

japan  as  shown. 

exist  and  the  methods  in  vogue  made  it  so  impossible  to 
control  the  essential  variables  that  little  opportunity 
existed  for  studying  in  the  field  the  eflfects  produced  by 
giving  them  dififerent  values. 

As  an  example  of  the  complications  to  be  met  con- 
sider the  possibilities  existing  in  any  given  japan  used 
in  connection  with  a  given  piece  of  material : — 

I — The  japan  may  be  thinned  to  various  degrees,  but  there 
must  be  some  value  which  will  give  the  most  satisfactory  flow 
combined  with  proper  covering  of  the  article. 

2 — The  japan  may  be  maintained  at  a  number  of  different 
temperatures  during  application,  but  there  must  be  some  japan 
temperature  which  will  give  the  best  results. 

? — The  material  being  covered  may  have  a  number  of  dif- 
ferent temperatures  when  the  japan  is  applied,  but  there  must 
be  some  best  value. 

4 — The  length  of  time  during  which  the  material  is  allowed 
to  drip  or  stand  after  the  application  of  the  japan  may  vary 
widely,  but  there  must  be  some  best  time. 

5 — The  temperature  of  the  material  and  space  during  the 
interval  between  application  and  baking  may  have  numerous 
constant  or  changing  values,  but  there  must  be  some  best  value. 

6 — The  law  of  temperature  rise  during  baking  is  capable  of 
infinite  variation,  but  there  must  be  some  best  sequence  of 
temperatures. 

7 — The  law  of  temperature  fall  after  the  maximum  baking 
temperature  has  been  maintained  for  the  requisite  length  of 
time  is  also  capable  of  infinite  variation,  but  there  must  be  some 
best  sequence. 

H — The  condition  of  the  atmosphere,  both  with  regard  to 
contained  moisture,  contained  iapan  vapors,  and  contained  im- 
purities or  admixtures  of  various  sorts,  must  have  a  decided 
effect  and  some  best  condition  must  be  possible  of  attainment. 

Admittedly  the  list  of  variables  is  formidable,  but 
they  are  all  of  such  character  as  to  yield  to  &imple  ex- 
perimental investigation.  Unfortunately,  the  effects  of 
practically  all  are  overlapping,  and  a  thorough  investi- 
gation must  therefore  involve  a  great  expenditure  of 
time. 

ELECTRIC    B.-VKING 

The  application  of  electric  heating  to  this  art  served 
the  very  useful  purpose  of  making  it  possible  to  control 
accurately  some  of  the  variables,  and  the  combination  of 
electric  heating  with  the  continuous  methods  which  were 
introduced  with  it  made  this  control  more  extensive  and 
automatic.  With  the  combination  of  electric  heating  and 
continuous  types  of  oven  as  now  built,  it  is  possible  to 
control  accurately  and  automatically  all  of  the  variables 
listed  above.     Therefore,  if  one  piece  of  work  is  satis- 


factory all  must  be  satisfactory,  if  they  come  to  the 
japanning  room  in  the  same  state  of  preparation  and  if 
they  have  the  same  characteristics  as  to  quality  of  ma- 
terial, contour,  distribution  of  mass,  etc. 

Much  of  the  credit  for  the  control  attainable  with 
electric  heating  must  be  given  to  the  mobility  of  the  elec- 
tric heating  units.  They  can  be  shifted  about  with  great 
ease  until  that  particular  arrangement  which  gives  the 
best  temperature  distribution  and  best  temperature 
gradient  is  discovered.  After  they  are  once  located  in 
such  positions,  the  results  attained  are  independent  of 
all  of  the  variables  characteristic  of  combustion  pro- 
cesses. Their  performance  must  'be  the  same  not  only 
day  after  day,  but  even  year  after  year.  The  ease  and 
certainty  with  which  electric  heating  units  can  be  con- 
trolled automatically  must  also  be  given  its  full  share 
of  credit.  The  human  factor,  with  all  of  its  inherent 
tendencey  toward  forgetfulness  and  toward  variation 
from  time  to  time,  is  absolutely  eliminated  by  this 
method. 

Since  the  introduction  of  continuous  electrical 
methods  it  has  been  possible  to  make  semi-scientific 
investigations  in  the  industrial  field,  and  several  notable 
pieces  of  work  have  been  done  along  these  lines.  As  a 
result  of  one  such  investigation,  the  japanning  in  one 
large  plant  has  been  reduced  to  what  is  practically  an 
absolute  basis.  In  this  case  practically  everything  is 
controlled  automatically,  and  one  individual  located  in 
front  of  an  instrument  board  some  distance  from  the 
ovens  and  out  of  sight  of  all  operations  has  general 
supervision  of  the  entire  process  and  is  responsible  for 
results.  Certain  interesting  facts  have  been  brought  out 
in  connection  with  the  electrification  of  this  art. 

At  the  time  when  electrification  started  it  was  cus- 
tomary in  most  plants  to  bake  japan  in  direct-fired  ovens. 


FIG.   3 — PHOTOMICROGRAPH 

Showing  the  typical  structure  of  a  coat  of  japan  which  was 
baked  in  an  electrically-heated  oven. 

In  these  ovens  gas  is  burned  within  the  space  in  which 
the  work  is  enclosed,  and  the  products  of  combustion 
bake  the  work  during  the  entire  process.  Temperatures 
of  the  order  of  180  degrees  C,  were  considered  the  maxi- 
mum allowable,  and  from  one  and  one-half  to  three 
hours  were  required  per  bake.     For  good  work,  which 
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was  to  show  a  fine  finish  and  was  to  resist  wear  and 
weather,  three  or  more  coats  were  deemed  necessary.  It 
was  found  to  be  particularly  difficult  to  be  sure  of 
obtaining  a  high  gloss,  and  the  weathering  qualities  of 
work  made  under  what  were  supposed  to  be  exactly 
similar  conditions  were  remarkably  diverse. 


KIC.  4 — PHOTOMICROGRAPH  OP  THK  SURF.^CE  SHOWN  IN  FIG.  3 

After  applying  a  second  coat  of  japan  and  baking  in  an 
electrically-heated  oven. 

After  many  abortive  efforts  to  find  means  of  study- 
ing what  actually  occurred  during  baking  it  was  de- 
cided to  resort  to  the  microscope,  in  the  hope  that  sur- 
face structure  might  throw  some  light  on  the  matter. 
The  results  obtained  greatly  exceeded  anticipations.  A 
photomicrograph  of  a  typical  structure  resulting  from 
baking  japan  slowly  in  a  direct-fired  gas  oven  is  shown 
in  Fig.  I.  The  straight  and  curved  lines  have  no  sig- 
nificance, the  pock-marked  surface  being  the  feature  of 
interest.  Several  perfect  craters,  which  show  at  dif- 
ferent points  in  the  figure,  indicate  the  [jrobable  origin 
of  the  pock  marks  as  collapsed  craters. 

The  formation  of  these  craters  seems  to  be  typical 
of  all  baking  methods  in  which  the  heating  is  done  In- 
jpeans  of  hot  gases  bathing  the  work.  It  is  possible  that 
their  occurrence  may  be  explained  by  what  may  be  called 
subsurface  vaporization.  The  diagonally  hatched  pan 
of  Fig.  2-  represents  a  part  section  of  a  piece  of  metal. 
and  the  horizontally  hatched  part  represents  a  section 
through  a  coat  of  japan  applied  to  the  surface  of  the 
metal.  Assume  now  that  hot  gases,  such  as  heated  air 
or  hot  products  of  combustion,  pass  over  the  surface  a> 
indicated  by  the  arrows.  It  is  obvious  that  vaporization 
of  the  solvent  will  occur  at  the  surface  of  the  liquid 
japan  and  that  the  temperature  of  the  surface  will  be 
raised  rapidly.  Chemical  change  will  therefore  occur 
first  at  the  exposed  surface,  and  it  seems  probable  that 
this  surface  films  over  rapidly.  The  condition  would 
then  be  similar  to  that  in  a  can  of  paint  which  has  been 
left  open  to  the  atmosphere  for  several  days;  there 
would  be  a  rather  tough  film  on  the  side  next  the  air 
with  practically  unchanged  material  below.  If  a  can  of 
paint  in  this  condition  be  imagined  to  be  heated  from 
l^lqw  to  such  an  extent  as  to  cause  vaporization  of  some 
ef  the  constituents  one  of  two  things  must  happen, — 
either  the  vapor  must  work  its  way  along  the  under  side 


of  the  film  until  it  reaches  the  wall  of  the  can  and 
escapes,  or  it  must  blow  a  crater  in  the  film  and  escape 
in  that  way.  In  the  case  of  japanned  surfaces  heated 
from  the  outsicie  such  subsurface  vaporization  could 
only  escape  through  the  surface,  as  there  is  ordinarily 
no  break  such  as  occurs  at  the  wall  of  the  can  assumed 
above.  The  photomicrograph  reproduced  in  Fig.  i 
would  seem  to  indicate  that  vapors  do  escape  through 
the  surface  while  this  is  still  in  a  somewhat  plastic  con- 
dition. These  craters  are  probably  partly  self-healing, 
as  the  process  is  ordinarily  conducted,  but  it  is  obvious 
from  the  illustration  that  the  healing  is  not  perfect.  A 
'llection  of  such  craters  is  all  that  is  necessary  to  ac- 
iunt  for  poor  gloss  and  poor  weathering  qualities. 

It  would  be  expected  that  the  crater  formation 
\ '  luld  be  least  severe  with  very  long  bakes,  with  grad- 
1  illy  rising  temperature;  that  it  would  'be  most  severe 
.\ith  short-time  bakes  and  steep  temperature  gradients, 
and  that  a  very  short  bake  might  actually  result  in  push- 
ing oft'  flakes  of  the  crater  surface.  No  evidence  of  such 
flaking  has  been  found,  but  finished  work  has  been 
known  to  flake  in  a  way  which  suggested  a  possibility  of 
such  a  cause.  Two  identical  pieces  of  metal,  shown  in 
I-'igs.  I  and  3,  were  prepared  and  dipped  in  the  same 
japan,  at  the  same  time  by  the  same  man.  and  then 
baked,  one  in  a  direct-fired  gas  oven  for  90  minutes,  and 
the  other  in  an  electrically-heated  oven  for  45  minutes. 
It  is  obvious  that  the  electrically-baked  piece.  Fig.  3,  has 
smaller  and  more  evenly  distributed  craters,  and  that  the 
surface  is  more  perfect. 

Similar  comparative  ]3hotographs  of  second  and  third 
coats,  in  Figs.  4  and  5,  show  far  more  perfect  surfaces 
resulting  from  electric  heating.  It  is  perfectly  obvious 
that  the  electrically-baked  coat  shown  in  Fig.  5  is  much 
smoother  and  more  perfect  than  tliat  in  Fig.   i ,  \\  hich 


1  h.     ;       1  lln|(i\iu  Kor.RAPH  OF  THE  SURFACE   SHOWN   IX   FIG.  3 

W'itli  a  tliird  coat  of  japan  applied  and  similarly  baked  in  an 
electrically-heated  oven. 

was  baked  by  pure  convection  heating.  Many  if  not  all 
of  the  large  black  spots  which  show  in  these  two  figures 
are  small  particles  of  carbon  and  were  probably  thrown 
out  of  the  volatiles  by  a  species  of  cracking,  in  contact 
with  the  air  used  for  ventilation.  The  baking  of  the 
coats  in  the  gas  oven  consumed  a  total  of  five  and  a  half 
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hours,  while  the  three  corresponding  coats  were  baked 
electrically  in  two  hours  and  forty  minutes. 

Inspection  of  pieces  baked  in  direct-tired  gas  ovens 
and  similar  pieces  baked  in  electrically-heated  ovens 
always  shows  that  the  electrically-baked  material  has  a 
higher  and  more  perfect  gloss  or  finish.  This  was  ac- 
counted for  by  assuming  some  action  betw'cen  the 
products  of  combustion  and  the  japan  itself,  and  evi- 
dence seems  to  indicate  such  action  under  certain  condi- 
tions. However,  in  view  of  the  photomicrographs  and 
the  explanation  given  to  account  for  the  craters,  it  seems 
more  likely  that  the  dift'erence  is  due  to  the  way  in  which 
heat  is  applied. 

Practically  all  heat  transferred  to  the  work  in  a 
direct-fired  gas  oven  is  carried  to  it  by  hot  gases ;  that 
is,  the  transfer  is  by  convection.  In  an  electrically- 
heated  oven  at  least  part  of  the  heat  is  brought  to  the 
work  in  the  same  way  because  of  the  circulation  of  oven 
atmosphere  set  up  by  the  presence  of  the  heaters.  The 
rest  of  the  heat  is  transferred  by  radiation  from  the 
hot  heaters,  and  it  seems  probable  that  the  action  of  the 
heat  received  in  this  way  is  different  from  that  received 
by  convection.  It  is  at  least  probable  that  radiant  energy 
penetrates  the  japan  coat  to  a  considerable  depth  before 
being  entirely  absorbed  and  converted  into  heat,  and 
this  causes  more  rapid  setting  of  the  inner  portions  of 
that  coat. 

If  the  craters  are  due  to  the  vapors  escaping  through 
the  surface  of  the  japan  it  should  be  possible  to  eliminate 
them  entirely  by  baking  the  japan  in  a  reversed  direc- 
tion, that  is,  from  the  inside  out.  This  can  be  done  elec- 
trically by  heating  the  metal  itself  either  by  the  direct 
passage  of  current  or  by  induced  eddy  currents.  Certain 
e.xperiments  were  conducted  on  a  small  scale  for  the 
purpose  of  determining  the  relative  effects  of  baking  by 
pure  convection,  baking  by  combined  radiation  and  con- 
vection and  baking  by  heating  of  the  metal  itself.  For 
this  purpose  similar  samples,  dipped  in  the  same  japan, 
were  baked  in  bottles.  For  convection  baking  filtered  air 
was  heated  in  an  electric  oven  to  the  proper  temperature 
and  was  then  drawn  through  a  bottle  in  such  a  way  as 
to  make  it  bathe  the  enclosed  sample.  For  combined 
convection  and  radiation,  the  sample  was  surrounded  by 
electric  heaters  enclosed  with  it  in  a  bottle,  the  volatiles 
being  drawn  ott  and  circulation  being  maintained  by 
means  of  a  small  laboratory  pump.  For  baking  by  inter- 
nal heating  the  bottle  and  its  enclosed  sample  were  sus- 
pended in  an  alternating  magnetic  field  of  sufficient 
intensity  to  give  the  desired  temperature  gradient.  Dur- 
ing baking  volatiles  were  removed  by  a  small  laboratory 
pump. 

Inspection  showed  the  sami)le  leaked  by  convection 
heating  to  have  the  poorest  surface,  and  that  baked  by 
internal  heating  very  obviously  had  the  highest  gloss  and 
most  perfect  surface.  Baking  by  internal  heating  is 
essentially  an  electrical  method,  and  is  far  removed  in 
every  way  from  previously  used  methods,  ^\'ith  this 
method  a  maximum  metal  temperature  of  170  degrees  C. 


and  a  bake  of  15  minutes  are  perfectly  capable  of  giving 
better  results  than  can  be  obtained  with  external  electric 
heating  with  45  minute  bake  and  a  maximum  tempera- 
ture of  230  degrees  C.  It  also  seems  probable  that  one 
coat  baked  in  this  way  will  prove  the  equal  of  two  or 
three  baked  by  the  older  methods.  The  effect  of  this 
upon  energy  charges  for  a  given  weight  of  metal  baked 
is  perfectly  obvious. 

It  is  evident  that  electric  heating  opens  up  opportuni- 
ties for  improving  the  product  and  the  production 
methods  used  in  obtaining  that  product.  Electric  heat- 
ing is  also  capable  of  reducing  factory  operations  in  this 
field  to  so  exact  a  procedure  that  accurate  laboratory 
control  is  made  possible.  With  industrial  conditions 
brought  to  this  point  it  becomes  possible  for  research 
chemists  to  work  to  advantage  toward  the  improvement 
of  the  japans  themselves  and  toward  the  improvement 
of  the  methods  of  their  utilization.  An  equally  promis- 
ing field  exists  in  foundry  core  rooms.  The  baking  of 
foundry  cores  is  at  present  a  most  haphazard  process  in 
the  majority  of  foundries.  Electric  heating  will  in  time 
play  a  part  similar  to  that  which  it  has  played  in  the 
japanning  field  during  the  past  few  years.  There  are 
now  in  operation  several  electrically-heated  core-baking 
ovens,  and  their  users  all  appear  highly  enthusiastic  over 
the  results  attained. 

The  core  problem  appears  to  the  author  as  one  of  the 
most  promising  fields  for  combined  chemical  and  engi- 
neering investigation,  and  he  feels  certain  that  improve- 
ments such  as  those  shown  possible  in  japanning  will 
appear  insignificant  in  comparison  with  those  which  are 
possible  of  attainment  in  the  core  room.  Japanning  and 
core  baking  have  been  used  as  examples  because  of  the 
tremendous  extent  of  both  of  these  industries,  and  be- 
cause it  happens  to  be  possible  to  record  the  results  of  a 
small  amount  of  experimental  work  in  both  of  these 
fields.  It  must  not  be  assumed,  however,  that  they  rep- 
resent the  only  possibilities  for  the  application  of  elec- 
tricity to  low-temperature  baking. 

There  are  numerous  other  low-temperature  baking 
processes,  and  the  majority  are  in  the  same  undeveloped 
state.  One  very  important  field  in  which  little  has  been 
done  is  the  baking  of  foodstuffs,  such  as  bread  and  other 
cereal  products.  Electric  heating  has  been  applied  to  the 
baking  of  such  materials  in  several  cases  with  very  grati- 
fying resuhs,  improving  both  the  appearance  and  quality 
of  the  product. 

In  conclusion,  it  is  well  to  call  attention  to  the  fact 
that  the  introduction  of  electrical  methods  for  such  pur- 
poses should  be  of  particular  interest  to  the  chemist,  be- 
cause it  makes  it  possible  to  reproduce  on  an  industrial 
scale  a  sequence  of  operations  and  conditions  which 
have  been  worked  out  on  a  small  scale  in  the  laboratory. 
It  makes  it  possible  to  control  industrial  production  to 
the  same  extent  that  laboratory  investigations  are  con- 
trollable, and  it  thus  opens  to  the  chemist  in  the  indus- 
trial field  a  tremendous  opportunity  for  improvement  of 
product  and  increased  production. 


'ha(';'jin;'$  5U)i'a:^o  "i^nttoiio^  m  Toloj^liojie 


Q.  A.  Brackett 


THE  change  from  the  old-fashioned  magneto- 
ringing  to  the  modern  common  battery  system  of 
telephone  operation  first  brought  the  storage  bat- 
tery into  prominence  in  the  telephone  field,  and  with  it 
the  problem  of  keeping  the  battery  properly  charged.  In 
a  few  of  the  larger  cities  direct  current  is  available,  but 


FIl-..   I — FRONT  AND  REAR  VIEWS  01    jd  AMI'l.i.-K  KKCIIIIKK  OUTFIT 

For  charging  telephone  batteries.     In  both  views  the  apparatus 
is  partly  dismantled  to  show  the  connections. 

in  the  great  majority  of  the  telephone  exchanges  of  the 
:ountry  the  only  source  of  power  is  alternating  current. 
.As  in  the  charging  of  electric  vehicle  batteries,  two 
general  methods  of  converting  alternating  current  into 
direct  current  are  available,  viz.,  motor-generator  sets 
and  mercury  rectifiers.  At  first  motor-generator  sets 
we^-e  used,  and  they  still  are  where  the  sizes  required  are 
larger  than  it  is  yet  feasible  to  build  rectifiers.  At  an 
early  date,  however,  it  was  found  that  charging  a  battery 
from  a  motor-generator  set  while  the  battery  was  in 
service  caused  objectionable  noise  on  the  telephone  lines, 
due  to  the  interruptions  of  the  current  and  sparking  at 
the  commutator  bars.  Large  inductance  coils  in  the 
leads  from  the  generator  to  the  battery  helped  to  reduce 
this  noise,  but  it  was  still  necessary  to  design  special  gen- 
•eratoes  for  this  service  with  a  large  number  of  com- 
mutator bars.  Even  then  the  results  were  not  entirely 
satisfactory,  owing  to  the  changing  conditions  at  the 
commutator  due  to  wear  and  sparking.  Where  motor- 
generator  sets  are  still  used  it  has  become  quite  a  fre- 
quent practice  to  use  two  separate  batteries,  so  that  they 
can  be  charged  one  at  a  time  when  not  in  service.    This 


requires,  however,  considerable  extra  investment  and 
maintainance  expense  and  takes  up  more  space.  Then, 
too,  rotating  machinery  with  a  commutator  and  brushes 
requires  tfie  supervision  of  an  electrician  more  fre- 
quently than  is  profitable  in  small  exchanges. 

As  a  result,  telephone  practice  has  practically  stand- 
ardized on  mercury  rectifiers  for  charging  the  central- 
station  batteries.  As  there  are  no  mechanical  devices 
causing  noise  to  contend  with,  such  as  commutators  and 
brushes,  the  problem  of  keeping  the  hum  of  the  alter- 
nating current  out  of  the  telephone  circuits  can  be  taken 
care  of  by  purely  electrical  means.  There  is  nothing  in 
the  apparatus  itself  to  make  the  noise  any  greater  at  one 
time  than  another  and,  therefore,  a  design  that  is  once 
made  adequate,  as  to  noise  suppression,  will  always  re- 
main so. 

With  any  mercury  rectifier  it  is  necessary  to  provide 
an  inductance  in  the  direct-current  circuit  which  will 
store  energy  during  the  peaks  of  the  alternating-ctarrent 
wave  and  feed  this  energy  out  to  the  direct-current  cir- 
cuit while  the  alternating  current  is  passing  through 
zero.  Such  a  device  is  necessary  to  prevent  the  arc  in 
the  rectifier  bulb  from  going  out  when  the  current  tends 
to  fall  to  zero  between  the 
two  half  waves  of  the  alter- 
nating current.  For  ordi- 
nary storage  battery  charg- 
ing, however,  it  is  only  nec- 
essary to  make  this  induct- 
ance large  enough  to  prevent 
the  direct  current  from  fall- 
ing sufficiently  low  between 
half  waves  to  allow  the  bulb 
to  drop  out,  and  outfits  for 
this  service  may,  therefore, 
allow  a  considerable  "rip- 
ple," as  it  is  called,  on  the 
direct  current.  Such  outfits 
can  be  used  for  charging 
telephone  batteries  in  install- 
ations where  two  batteries 
are  used,  and  the  one  being 
charged  is  not  connected  to 
the  telephone  lines  at  that 
time. 

It  is  the  most  common 
telephone  practice  at  present,  however,  to  use  only  one 
battery  in  a  telephone  central  station,  and  to  charge 
this  battery  all  day  while  it  is  in  use.  Mercury  recti- 
fiers, therefore,  have  been  especially  designed  to  suit 
the  peculiar  requirements  of  this  service,  and  are  now 
verv   widely   used.     They   differ   from   outfits   of   sim- 
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ilar  size  for  charging  vehicle  batteries,  for  instance,  in 
three  principal  respects.  In  the  first  place,  telephone 
batteries  use  a  comparatively  low  number  of  cells,  and 
these  outfits,  therefore,  are  designed  especially  for  the 
number  of  cells  most  used  in  telephone  service.  It  is 
also  necessary  that  these  outfits  be  provided  with  two- 


FIG.  3 — TEN-AMPERE  TELEPHONE  OUTFIT 

winding  transformers,  instead  of  the  autotransformers 
customarily  used  on  other  rectifiers.  This  is  to  make 
sure  that  no  trouble  will  occur  on  account  of  the  neutral 
point  of  the  power  circuit  transformer  being  grounded, 
in  view  of  the  fact  that  it  is  customary  to  ground  one 
side  of  the  telephone  battery.  Finally,  it  is  necessary  to 
provide  an  extra  large  inductance  coil  in  the  direct- 
current  circuit  of  the  rectifier,  which  will  store  sufficient 
energy  to  almost  completely  fill  the  intervals  between 
the  rectified  half  waves  of  the  alternating  current  and 
insure  an  almost  perfectly  uniform  direct  current  that 
is  practically  free  from  any  ripple  that  might  cause 
noise  in  the  telephone  circuits.  In  the  ordinary  types 
of  rectifiers,  the  small  inductance  necessary  can  be  em- 
bodied in  the  design  of  the  transformer,  but  for  tele- 
phone service  it  is  necessary  to  provide  a  separate  coil 
of  large  size. 

In  Figs.  I  and  2  are  shown  typical  telephone  type  rec- 
tifiers of  30  and  50  ampere  direct-current  rating.  The 
transformer,  inductance  coil,  control  switches,  etc.,  are 
mounted  on  an  upright,  cast-iron  frame,  and  are  en- 
closed by  ventilated  metal  covers,  so  as  to  form  a  com- 
pact single  unit,  well  protected  from  mechanical  injury 
or  any  likelihood  of  contact  with  live  parts.  Two  dial 
switches  controlling  transformer  taps  provide  the  neces- 
sary means  for  adjusting  the  current  to  any  desired 
value  between  the  maximum  rated  value  and  the  mini- 
mum on  which  the  outfit  will  run,  whether  the  battery 
is  empty  or  fully  charged,  or  whether  the  line  voltage  is 
low  or  high.  One  of  these  switches  gives  coarse  and  the 
other  fine  adjustment,  and  both  are  equipped  with  pre- 
ventive resistances,  so  that  the  circuit  is  not  broken  when 
the  switches  are  operated.  A  positive  notching  de- 
vice makes  sure  that  the  dial  switches  are  always  left  on 
the  proper  contacts,  so  that  the  resistances  will  not  be 
burned  out  by  being  left  permanently  in  the  circuit. 
Provision  is  made,  however,  for  easily  replacing  these 
resistances  if  it  is  ever  necessary.  These  outfits  are 
arranged  for  hand  starting,  as  it  is  assumed  that  auto- 


matic starting  will  not  be  required  in  most  central  sta- 
tions where  attendants  are  always  at  hand. 

Since  these  outfits  are  provided  with  two-winding 
transformers  it  is  easy  to  arrange  them  for  operation 
on  either  no  or  220  volt  circuits  by  a  series  or  parallel 
arrangement  of  the  two  halves  of  the  primary  winding. 
Link  connections  are  provided  for  this  purpose  and  also 
for  adjusting  the  outfit  for  charging  either  11  or  17  cells, 
which  are  the  batteries  most  commonly  used  in  telephone 
work.  These  link  connections  are  mounted  on  the  back 
of  the  slate  panels  that  carry  the  dial  switches  and  are 
protected  by  metal  covers.  It  is,  of  course,  only  neces- 
sary to  get  at  them  at  the  time  of  installation. 

In  Fig.  3  is  shown  a  smaller  ten-ampere  outfit  ar- 
ranged for  wall  mounting  and  with  all  live  parts  enclosed 
that  are  at  a  potential  higher  than  30  volts.  In  its  char- 
acteristics this  outfit  is  the  same  as  the  larger  outfits 
previously  described,  but  it  is  intended  for  use  in  the 
smaller  exchanges.  Practically  the  same  outfit  is  shown 
in  Fig.  4,  arranged  like  a  switchboard  panel  for  mount- 
ing on  pipe  supports.  Outfits  of  this  same  general 
type  can  be  arranged  to  match  existing  installations  and 
have  the  same  characteristics  and  utilize  much  of  the 
same  material  as  the  enclosed  outfits  first  described. 
These  outfits  can  also  be  arranged  for  automatic  start- 
ing when  they  are  intended  to  form  a  part  of  an  auto- 
matic telephone  system.  This  automatic  starting  feature 
can  be  applied  to  any  of  the  larger  outfits,  as  is  custom- 
ary on  outfits  for  charging  electric  vehicle  batteries,  but 
is  not  usually  considered  necessary  in  telephone  service 
except  with  automatic  systems. 

The  great  advantages  of  rectifiers  for  telephone  serv- 
ice are  their  low  first  cost  and  maintenance  expense, 
their  high  efficiency,  their  smaller  floor  space  required. 
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FIG.    4 — TEN-AMPERE    SWITCHBOARD-TYPE    TELEPHONE    OUTFIT 

and  their  permanent  freedom  from  noise  of  all  kinds. 
In  early  applications  to  telephone  work,  not  all  these 
advantages  were  realized,  as  it  was  customary  to  use 
ordinary  vehicle  battery  outfits  and,  in  conjunction  with 
them,  a  separate  insulating  transformer  and  a  separate 
inductance  coil.    The  success  of  the  rectifier  in  telephone 
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service,  however,  led  to  the  compact  unit  construction 
now  adopted,  which  is  not  only  more  advantageous 
from  a  mechanical  standpoint,  but  is  more  efficient  elec- 
trically, due  to  the  elimination  of  the  losses  in  the  extra 
apparatus. 

The  commercial  outfits  have  a  comparatively  low 
power-factor,  owing  to  the  use  of  transfonners  of  high 
alternating-current  reactance  in  order  to  obtain  an  ap- 
proximately constant-current  characteristic  that  has  been 
found  desirable  in  this  service.  In  spite  of  this  and  after 
taking  into  account  the  losses  in  the  sei-ies  inductance 
coil,  the  overall  efficiency  runs  as  high  as  61  percent 
when  charging  11  cells,  and  78  percent  when  charging  17 
cells,  and  does  not  fall  oiT  when  the  outfit  is  operated  at 
partial  load,  as  occurs  with  most  other  kinds  of  electrical 
apparatus. 


The  bulb  life  obtained  in  telephone  service  is  much 
longer  than  in  any  other  class  of  service  where  rectifiers 
are  used,  due  to  the  low  direct-current  voltage  and  the 
large  inductance  in  the  direct-current,  which  gives  great 
stability.  Bulbs  usually  last  at  least  a  year  although  in 
service  every  day,  and  in  many  cases  the  useful  life  is 
ended  only  by  accidental  breakage.  This  long  bulb  life 
is  partly  due  to  the  modern  type  of  bulbs  now  used, 
which  are  made  of  special  heat-resisting  glass  with  very 
rugged  seals,  and  which  maintain  a  very  high  vactuim 
through  a  much  longer  period  of  use. 

The  use  of  rectifiers  in  telephone  service  is,  there- 
fore, a  natural  result,  both  of  their  peculiar  advantages 
for  this  work  and  of  the  fact  that  this  class  of  service  is 
ideal  for  the  rectifier,  resulting  in  extraordinarily  long 
bulb  life  and  freedom  from  operating  troubles. 


A.  M.  DuDUKv 

THE  illustrations  in  this  article  form  the  second  group  in  a 
series  of  standard  polyphase  motor  diagrams.  The  stand- 
ard conventions,'  as  explained  in  the  first  article  in  the 
Journal  for  May,  1917,  have  been  followed  in  these  diagrams, 
which  include  all  of  the  usual  connections  for  four-pole,  two  and 
three-phase,  lap  windings. 

In  the  first  article  the  importance  of  knowing  the  number  of 
poles  and  phases  and  the  proper  throw  of  coils  before  starting  the 
winding  was  emphasized.  However,  it  is  frequently  possible  to 
determine  the  number  of  poles  if  the  proper  coils  are  available. 
Assume,  for  instance,  a  96  slot  winding  whose  coils  span  12  slots. 
The  number  of  slots  (96)  divided  by  the  span  of  the  coil  (12) 
gives  the  number  of  poles  (8).  Suppose,  however,  the  coils  span 
10  slots.  The  quotient  in  this  case  is  9.6,  an  impossible  number 
of  poles.  This  indicates  a  chorded  winding,  and  the  correct  num- 
ber of  poles  is 
probably  the  next 
lower  even  num- 
ber, again  8.  This 
is  not  an  invari- 
ably correct  rule, 
but  if  the  number 
of  poles  so  deter- 
mined is  evenly 
divisible  into  the 
quotient  obtained 
b  y  dividing  the 
number  of  slots 
by  the  number  of 
phases,  it  may 
safely  be  assumed 
that  the  correct 
number  of  poles 
has  been  deter- 
FiG.  17 — Two-PH.\sE  SERIES  GROUPING  mined. 


FIG.    19 — TWO-PHASE,   FOUR-PARALLEI.   GROUPING 
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FIG.  22 — THREE-PHASE,  FOUR-PARALI.EI.,  STAR  GROUPING 


ABC 
FIG.   _'^ — THREE-PHASE,   FOUR-PARAI.LEL,   DELTA   GROUPING 


A.  F.  Meston 
Research  Corporation 

ONE  of  the  striking  characteristics  of  modern  business  is  the  dependency  of  the  industries,  one  upon 
another.  Significant,  also,  is  the  fact  that  present-day  investigations  of  a  technical  nature  cannot  be  carried 
on  successfully  without  the  hearty  co-operation  of  the  various  branches  of  science.  In  the  past  few  years 
diversified  problems  in  ever-increasing  numbers  have  been  placed  before  the  chemist  for  solution,  and  the 
result  has  been  the  extraordinary  growth  of  the  chemical  industries.  But  just  as  the  various  manufacturing 
interests  have  looked  to  the  chemist  for  assistance,  in  return  the  chemist  has  asked  the  aid  of  the  engineer  in 
his  endeavor  to  make  chemical  processes  meet  practical  conditions  and  their  demands  for  efficiency.  The 
present  article  calls  attention  to  the  manner  in  which  the  physicist  and  the  electrical  engineer,  with  the 
process  of  electrical  precipitation,  can  overcome  difficulties  and  improve  conditions  in  the  chemical  industries. 


DURING  the  last  ten  years  electrical  precipitation 
has  taken  an  important  place  in  metallurgical  and 
chemical  fields,  considerable  impetus  having  been 
given  to  developments  in  these  directions  by  the  work  of 
Dr.  F.  G.  Cottrell.  In  its  simplest  form  the  apparatus 
consists  of  a  small  wire  held  axially  in  a  tube,  the  tube 
being  connected  electrically  to  ground  and  the  wire  to  a 


ical  and  chemical  characteristics,  is  especially  difficult  to 
anticipate. 

The  conductivity  of  clean  gas  increases  with  in- 
creased temperature,  other  factors  remaining  constaiit. 
It  is  possible,  however,  by  introducing  suspended  parti- 
cles of  dust  into  a  gas  to  have  less  current  pass  at  600 
degrees  F.  than  passes  through  clean  gas  at  60  degrees 


FIG.    I — PRECIPITATORS   COLLECTING  ACID   MIST   FROM    SULPHURIC 
ACID   CONCENTRATORS 

Showing  condition  of  atmosphere  when  current  is  turned  "on" 
and  equipment  in  operation. 

source  of  high  potential  uni-directional  current.  If  gases 
carrying  solid  or  liquid  particles  in  suspension  are  passed 
through  such  a  tube,  and  the  voltage  impressed  upon  the 
wire  is  increased  until  a  strong  corona  surrounds  it,  the 
phenomenon  of  electrical  precipitation  is  obtained.  Evi- 
dence of  this  is  seen  by  the  removal  of  suspended  par- 
ticles from  the  gases  and  their  deposition  on  the  inner 
surface  of  the  tube. 

As  an  experiment,  the  principle  may  be  shown  quite 
simply,  but  its  application  commercially  often  presents 
difficulties.  The  electrical  characteristics  of  a  gas  depend 
upon  its  chemical  composition,  temperature,  pressure, 
humidity,  velocity,  initial  ionization  and  the  suspended 
matter  it  carries.  Laws  have  been  theoretically  and  em- 
pirically derived  that  take  into  account  a  number  of 
these  factors,  but  these  laws  cannot  cover  with  any  de- 
gree of  accuracy  the  wide  range  of  conditions  that  are 
encountered  in  electrical  precipitation.  The  effect  of  the 
suspended  particles,  which  vary  so  widely  in  their  phvs- 


FIG.   2 — ACID  PRECIPITATORS   AT   A   COPPER  REFINING  PLANT 

Showing  condition  of  atmosphere  when  current  is  turned  "off" 
and  acid  mist  escaping. 

F.  It  is  also  possible  to  reduce  the  current  one-half  or 
more  by  increasing  the  velocity  of  the  gas  past  the  elec- 
trodes. While  most  dust  and  metal  fumes  can  be  re- 
moved without  any  great  difficulty  by  proper  selection 
of  the  electrodes  and  distribution  of  the  gases  as  they 
pass  the  electrodes,  there  are  instances  where  the  gas 
conditions  must  be  changed  before  steady  operation  of 
the  apparatus  and  effective  cleaning  of  the  gases  can  be 
realized.  This  is  especially  true  in  some  of  the  prob- 
lems that  are  encountered  in  the  chemical  industries. 

Many  chemical  processes  liberate  water,  oils,  acids 
and  other  substances  which  are  liquids  at  ordinary  tem- 
peratures, but  which  have  a  high  vapor  pressure ;  that  is, 
they  tend  to  evaporate  and  become  gases  even  at  com- 
paratively low  temperatures.  In  this  connection  it  must 
be  remembered  that  gases  cannot  be  removed  from  gases 
by  electrical  precipitation,  as  ordinarily  used,  and  if  a 
substance  gets  into  a  gaseous  state  it  will  pass  through 
a  precipitator.    Acid  may  be  carried  by  gases  either  as  a 
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mist  or  as  a  gas.  The  mist  particles  are  apt  to  be  very 
minute,  perhaps  smaller  than  can  be  seen  with  an  ultra- 
microscope  (which  can  be  made  to  show  particles 
0.000003  millimeters  in  diameter),  and  when  a  sub- 
stance is  in  such  fine  state  of  subdivision,  or  dispersion, 
it  is  said  to  be  in  a  colloidal  state,  and  it  has  unusual 
properties.  Colloidal  particles,  because  of  their  small 
size,  have  an  enormous  surface  in  proportion  to  their 
mass,  and  a  liquid  in  this  state  has  a  greater  vapor  ten- 
sion and  pressure  at  a  given  temperature  than  the  same 
liquid  in  larger  bodies.  From  this  fact  it  can  be  ex- 
pected that  more  of  a  substance  will  be  evaporated  at  a 
given  temperature  from  a  colloidal  state  than  from 
large  agglomerates. 

On  the  other  hand,  if  these  minute  particles  of  mist 
have  an  electric  charge  upon  them,  as  they  are  apt  to 
have,  their  vapor  pressure  is  lowered.  And  there  may  be 
even  a  condensation  of  the  vapors  present  upon  these 
electrically- 
charged  par- 
ti cl  e  s,  ions 
being  nucleii 
for  mist  for- 
ma t  ion.  If 
these  charges 
are  all  of  the 
same  sign,  ag- 
g  1  o  meration 
of  the  parti- 
cles proceeds 
slowly,  while 
m'6  r  e  rapid 
a  g  g  1  omera- 
t  i  o  n  occurs 
with  charges 
of  op  p  osite 
polarity.  Elee- 
triiial  pi-ecipi- 
tatiori  does 
n  6  t  depend 
upon  agglom- 
eration  of 
particles. 

From  the  above  it  can  be  seen  that  problems  having 
to  do  with  particles  of  small  size  become  very  complex 
from  a  theoretical  standpoint.  The  laws  governing  the 
passage  of  electricity  through  gases  do  not  hold,  nor  can 
reliance  be  placed  upon  the  values  of  vapor  pressures 
and  boiling  points,  as  we  ordinarily  accept  them.  For 
these  reasons,'  the  results  that  will  be  obtained  through 
the  applicatioh  of  electrical  precipitation  to  any  problem 
can 'be  best  determined  experimentally.  Happily,  the 
practical  resiilts  are  more  gratifying  than  the  theoretical, 
and  some  of  these  are  given  in  the  following  paragraphs. 

ELEGTSlCfl,  ^^^EIGIJPIfA^rjOl^  JIjt;_SUpP]p;^RIC    ACID    PLANTS 

-  It  is  tvell  torecallthat  gul^ihuHe'acid  is  made  by  two 
processes,  the  chamber  process  and  the  contact  process. 
In- the".  chainber'-pPOGess' tHe-ffurna^e'-gafees  are  driven 

'.htr-:  fi!  hsilqqc  sd  rir.o  ?:?o'jo-iq  arl)  .c-!. 


lll.S.  i  and   4 — VIEWS  UF  THE  ELECTRICAL  PRECIPITATOR 

At  the  Pennsylvania  Refining  Company.     The   fumes   contain   a   large   percentage  of   lead 
which  is  recovered  in  this  treater. 


through  a  Glover  tower,  where  they  pass  through  sprays 
of  sulphuric  acid  and  where  they  take  up  nitrous  an- 
hydride ;  the  gases  are  then  passed  slowly  through  large 
lead  chambers  and  mixed  with  steam,  and  here  the  sul- 
phur dioxide  in  the  gases  is  converted  into  sulphuric 
acid.  In  the  contact  process  no  oxides  of  nitrogen  are 
used.  After  the  gases  leave  the  Glover  tower  they  pass 
through  converters  which  contain  beds  of  material  im- 
pregnated with  finely  divided  platinum,  and  in  these  the 
sulphur  dioxide  is  changed  to  sulphur  trioxide.  The 
sulphur  trioxide  is  absorbed  in  sulphuric  acid  circulated 
over  towers ;  some  of  the  trioxide  combines  with  the  ex- 
cess water  in  the  absorbing  acid  to  make  additional  sul- 
phuric acid,  but  an  excess  of  trioxide  is  absorbed. 

The  sulphur  dioxide  {S0„)  gas  from  which  sul- 
phuric acid  is  made  is  obtained  by  burning  iron  pyrite 
or  roasting  zinc  ore.  As  much  of  the  iron  pyrite  is 
burned  as  "fines"  in  rotating  furnaces  which  are  con- 
stantly a  g  i- 
tated;  and  as 
the  zinc  ore 
is  roasted 
as  concen- 
trates or, 
after  being 
c  r  u  s  bed,  in 
furnaces 
which  are 
peri  odically 
raked,  it  is  to 
be  ex  pected 
that  large 
a  m  cunts 
of  dust  and 
fume  will  be 
carried  along 
with  the  fur- 
n  a  c  e  gases. 
This  dust  is 
d  e  t  r  i  mental 
for  V  a  r  ious 
r  e  a  s  ons.  It 
clogs  the  flues 

and  the  Glover  tower,  necessitating  frequent  cleaning 
and  attendant  high  maintenance  costs  and  loss  of  acid ; 
it  makes  the  acid  dirty  in  the  Glover  tower,  and  in  the 
lead  chambers  of  a  chamber  plant ;  and  some  of  it  prob- 
ably goes  through  the  apparatus  of  a  contact  plant  and 
"poisons"  the  contact  mass,  preventing  complete  conver- 
sion of  the  sulphur  dioxide  and  necessitating  frequent 
cleaning  or  regenerating  of  the  mass. 

The  need  of  proper  gas-cleaning  apparatus  between 
the  furnaces  and  the  Glover  towers  in  both  chamber  and 
contact  plants  can  readily  be  appreciated  from  the  con- 
sideration of  conditions  given  above.  An  electrical  pre- 
cipitator has  been  found  especially  well  suited  for  the 
purpose.  Such  a  precipitator  must  clean  the  gases  at  a 
temperature  above  the  boiling  point  of  sulphuric  acid  or, 
roughly,  above  700  degrees  F.,  because  it  is  essential  that 
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all  the  acid  contained  in  the  gases  go  through  to  the 
Glover  tower,  and  it  can  only  get  through  the  precip- 
itator if  it  is  in  the  form  of  a  gas.  Also,  condensation 
and  precipitation  of  the  acid  within  the  precipitator 
would  be  detrimental  to  insulation  and  to  materials  that 
were  not  acid-resisting.  Another  consideration  is  the 
necessity  of  having  the  gases  hot  if  good  Glover  tower 
performance  is  to  be  obtained. 

It  has  been  found  good  practice  to  clean  the  gases  at 
from  900  to  1 100  degrees  F.,  and  in  doing  this  the  pre- 
cipitator is  made  gas-tight  and  is  enclosed  in  heat- 
insulating  brick.  The  gas  at  this  temperature  is  an  espe- 
cially good  conductor  of  electricity,  as  gases  go,  and 
care  must  be  taken  in  designing  the  electrodes  in  order 
to  keep  the  power  consumption  of  the  precipitator  within 
reasona/ble  limits.  Precipitators  having  plates  for  col- 
lecting electrodes  and  strips  for  the  discharge  electrodes 
have  given  satisfactory  results.  On  a  carefully  con- 
ducted large  scale 
test  it  was  found 
that  99.9  percent  of 
the  solid  matter  car- 
ried by  hot  burner 
gases  was  removed 
by  such  a  precipi- 
tator. This  material 
is  recovered  as  a  dry 
dust  and,  if  from 
pyrite,  has  a  value  as 
iron  ore :  if  from  a 
zinc  ore,  it  can  be  re- 
turned to  the  fur- 
nace or  utilized  in 
zinc  chemical  manu- 
facture. Acid  made 
from  gases  cleaned 
in  this  way  is  free 
from  sediment  o  r 
s  u  s  pended  matter 
and  has  a  value  con- 
siderably in  excess 
of  dirty  acid. 

Another  application  is  that  of  collecting  the  acid  that 
is  driven  off  with  the  water  when  chamber  acid  is  con- 
centrated. An  example  of  this  latter  is  the  installation 
at  the  Merrimac  Chemical  Company,  North  Woburn. 
Mass.,  where  electrical  precipitators  are  collecting  the 
mist  escaping  from  four  Kalbfleisch  concentrators.  In 
such  concentrators  the  dilute  acid  is  pumped  to  the  top 
of  a  tower  filled  with  quartz  rock  and  allowed  to  trickle 
down  over  the  rock  and  mix  with  hot  gases  ascending 
the  tower.  An  evaporation  of  the  water  takes  place, 
but  considerable  acid  also  goes  off  in  the  form  of  a 
mist.  Each  concentrator  is  equipped  with  a  precipitator 
made  up  of  five  vitrified  terra  cotta  pipes  twelve  inches 
in  diameter  and  built  up  to  a  height  of  fifteen  feet.  The 
discharge  electrodes  are  of  lead-covered  iron  wire.  Cur- 
rent is  obtained  from  one  phase  of  a  three-phase  line  at 
220  volts,  60  cycles.     It  is  stepped  up  to  approximately 


75000  volts  in  a  100  000  volt  single-phase  transformer 
and  then  rectified  with  a  mechanical  switch  rotated  by  a 
three-phase  synchronous  motor  connected  to  the  power 
lines  which  supply  current  to  the  transformer.  Taps 
brought  out  from  the  jirimary  winding  of  the  trans- 
former and  connected  to  a  multipoint  switch  permit 
variation  of  voltage  at  the  high-voltage  terminals.  The 
])ower  required  by  the  four  precipitators  is  three  kilo- 
watts. 

The  daily  output  at  this  ])lant  is  60  tons  of  66  degrees 
Baume  acid.  The  total  volume  of  gases  treated  in  the 
precipitators  is  3200  cubic  feet  per  minute,  computed  at 
2,2  degrees  F.  The  amount  of  acid  collected  will  depend 
upon  various  conditions,  and  varies  from  1000  to  2000 
pounds  per  day:  the  strength  varies  from  13  to  35  de- 
grees Baume,  depending  upon  the  initial  concentration 
of  the  acid  pumped  over  the  towers,  the  temperature  at 
which  the  gases  pass  through  the  precipitator  and  other 

factors.  The  cost  of 
a  complete  installa- 
tion of  four  such 
precipitators  is  about 
$6000,  exclusive  of 
royalty.  The  cost  of 
apjiaratus  at  acid 
plants  is  higher  than 
it  is  in  most  installa- 
t  i  o  n  s,  because  it 
m  u  s  t  be  built  of 
acid  -  resisting  m  a  - 
terial  and  special  at- 
tention must  be 
given  to  the  insula- 
tion. 

There  is  often 
need  for  an  electrical 
precipitator  on  the 
exits  of  the  absorber 
towers  in  a  contact 
acid  plant.  If  proper 
conditions  of  tem- 
perature and  concen- 
tration could  always  be  maintained  in  the  acid  flowing 
over  the  towers,  an  almost  perfect  absorption  of  the  SO^ 
could  be  realized.  But  it  is  difficult  to  maintain  proper 
conditions  and  the  result  is  a  passing  off  of  SO^  when  the 
absorption  acid  is  too  concentrated  or  too  cold,  and  a 
loss  of  acid  in  the  form  of  mist  when  the  absorption  acid 
is  too  weak.  These  losses  of  SO^  and  H„SO^  mist  can 
be  recovered  with  an  electrical  precipitator  if  the  gases 
are  properly  humidified.  At  ordinary  temperatures  SOn 
is  a  gas,  and  as  a  gas  cannot  be  collected  with  electrical 
precipitation;  but  if  water  is  present  the  SO 3  combines 
with  it  to  form  H„SO^,  and  is  collected  as  such. 

A  consideration  of  the  uses  of  electrical  precipitation 
in  sulphuric  acid  manufacture  brings  out  the  follow- 
ing : — The  process  is  useful  as  a  means  of  bettering  plant 
operation,  of  collecting  valuable  materials,  and  of  abat- 
ing nuisances.    Also,  the  process  can  be  applied  in  such 
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a  way  that  materials  can  be  collected  or  can  be  alloweil 
to  pass  with  the  gases,  depending  upon  whether  the  ma- 
terial is  in  solid  or  litjuid  form,  or  whether  it  is  in  the 
gaseous  state.  How  advantage  is  taken  of  these  charac- 
teristics of  the  process  is  illustrated  by  its  use  in  various 
other  branches  of  the  chemical  industries. 

OTIIKK    .\1'I>LK  ATIONS 

Lhlorinc  gas  fnrmerly  esca[)ed  from  a  chemical  plant 
at  Niagara  I'alls.     Chlorine  cannot  be  collected  as  a  gas. 


riG.    7 — TVPIC.^I.   INST.\I.I.ATION   OF   COTTRELL   PRECIPrT.«LTION 
EQUIPMENT 

Showing    rectifiers    direct    connected    to    motor-generator    sets, 
transformers,  exciter  sets  and  switchboard. 

but  at  this  plant  powdered  lime  is  blown  into  the  gases 
before  they  reach  the  precipitator,  and  the  lime  absorbs 
the  chlorine,  giving  weak  bleaching  powder  as  the  pre- 
cipitate. This  installation  is  at  present  collecting  12000 
pounds  of  such  material  per  day.  It  is  necessary  to 
strengthen  it  with  additional  chlorine,  however,  before 
it  is  of  commercial  strength. 

Phosphorus  is  an  important  constituent  of  soils,  and 
fertilizers  become  of  additional  value  when  phosphorus, 
in  a  water  soluble  form,  is  added  to  them.  Various 
food  prodticts  contain  phosphorus  compounds.  The  re- 
sults obtained  by  Dr.  W.  K.  Ross  and  his  associates  of 
the  U.  S.  Bureau  of  Soils  in  obtaining  phosphoric  acid 
from  phosphate  rock  are,  therefore,  of  very  great  im- 
portance, because  they  present  a  new  and  economical 
method  of  obtaining  phosphorus  compounds.  Florida 
phosphate  rock,  coke  and  silica  sand  are  placed  in  an 
electric  furnace,  as  in  the  Heckenbleikner  process,  and 
the  phosphorus  driven  ofi'  as  the  pentoxide,  P-.O-..  But 
instead  of  aljsorbing  the  pentoxide  with  water  or  other 
scrubbers  with  their  attendant  difficulties,  the  material 
is  collected  in  an  electrical  precipitator.  Dr.  Ross  found 
that  the  best  form  in  v\'hich  to  collect  the  phosphorus 
was  as  phosphoric  acid,  H^PO^,  and  that  if  a  little  air 
was  allowed  to  pass  over  the  charge  in  the  furnace  the 
PoO^  received  enough  moisture  from  the  air  and  from 
the  furnace  charge  to  change  it  all  into  the  acid.  Experi- 
ments along  this  line  disclosed  the  fact  that  by  altering 
the  tanperature  of  the  gases  coming  from  the  furnace, 
the  strength  of  the  acid  was  altered.     For  instance,  if 


the  gases  passed  throitgh  the  precipitator  at  30  degrees 
C.  the  acid  recovered  was  63  to  80  percent  H^PO^.  while 
at  100  degrees  C.  less  water  was  taken  up  and  acid  up  to 
95  percent  was  obtained.  An  idea  of  the  purity  of  the 
recovered  material  may  be  obtained  by  citing  its  sul- 
])huric  acid  (H.S(Jj  and  hydrofluoric  acid  (HP)  con- 
tent. One  sample  contained  0.04  percent  sulphuric  acid 
and  only  a  trace  of  hydrofluoric  aciil ;  while  a  sample 
considered  imptu'e,  as  the  results  went,  contained  only 
0.21  percent  H.SO,  and  0.49  percent  HF.  It  would 
seem  that  the  larger  part  of  the  sulphur  and  fluorine 
driven  from  the  fuel  and  rock  went  throtigh  the  ap- 
])aratus  in  gaseotis  form,  perhaps  as  SO^  and  HF. 

The  precipitator  was  built  of  six-inch  (inside  diam- 
eter )  terra  cotta  jjipe.  tising  monel  metal  or  nichrome 
discharge  electrodes.  The  iio  volt  supply  current  was 
transformed  to  the  high-voltage  unidirectional  current 
needed  for  the  jjrecipitator  by  means  of  a  motor-gener- 
ator set.  transformer  and  mechanical  rectifier.  A  plant 
of  commercial  size  is  now  collecting  phosphoric  acid  in 
this  way. 

rile  nitrating  processes  which  have  so  mttcli  to  do 
with  the  manufacture  of  high  explosives,  artificial 
leather,  rubber  substitutes,  certain  dyes  and  many  other 
products  send  off  nitric  acid  mist  and  oxides  of  nitrogen, 
which  cause  personal  discomfort  and  injury  to  nearby 
plant  equipment  and  constitute  losses  in  materials.  The 
acid  mist  can  be  precipitated  as  the  acid ;  and  experi- 
ments have  shown  that  by  special  treatment,  such  as  the 
introduction  of  water  and  ammonia,  the  oxides  of  nitro- 
gen may  Ije  recovered  as  acid  or  ammonia  compounds. 

At  one  plant  nitric  acid  of  30  percent  HNO^  is 
recovered   from  the  exit  of  a  nitric  acid  concentrator. 


■ 
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FIG.  8 — SVVITCHnOARD  OUTFIT  OF  THE  PL.-kNT  SHOWN  IN  FIG.   7 

At  another  plant  acid  with  an  HNO,,  content  of  from 
I  I  to  41J  percent  is  obtained  from  the  gases  leaving  a 
nitrator.  The  strength  may  ])e  controlled  to  a  consid- 
eral)le  extent  by  the  temperature  and  other  conditions 
existing  at  the  precipitator.  Among  the  possibilities 
presented  by  such  installations,  those  of  putting  two  or 
more  precipitators  in  series  promise  especially  interest- 
ing results.     \'arious  products  might  be  obtained  in  this 
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way.  Strong  acid  might  be  recovered  in  the  first  pre- 
cipitator ;  weak  acid  in  the  second,  and  ammonium 
nitrite  in  the  third.  The  extent  to  which  differentiation 
can  be  obtained  can  only  be  determined  by  experiment, 
and  experimental  work  of  this  nature  is  contemplated 
for  the  near  future. 

The  potash  question  is  too  broad  to  be  discussed 
here,  but  it  is  of  interest  to  know  that  a  plant  is  now 
recovering  large  quantities  of  soluble  potash  from  the 
gases  of  combustion  coming  from  furnaces  burning 
cottonseed  hulls.  Four  electrical  precipitators  of  104 
pipes  each  make  up  the  collecting  apparatus.  Distillery 
refuse  will  supply  potash  in  a  similar  way,  while  felspar, 
and  possibly  anthracite  coal  culm,  often  contain  enough 
potassium  to  make  worth  while  their  treatment  in  fur- 
naces for  the  purpose  of  driving  ofif  the  potash  salts. 

Several  cement  plants  have  installed  electrical  pre- 
cipitators and  find  that  the  dust  carried  by  the  gases 
leaving  the  kilns  is  high  in  soluble  potash.  At  the  plant 
of  the  Riverside  Portland  Cement  Company,  Riverside, 
Cal.,  some  ninety  tons  of  cement  dust  is  collected  every 
twenty-four  hours,  and  this  contains  a  small  but  not 
unappreciable  amount  of  potash.  Subsequent  treatment 
concentrates  this  potash,  and  it  finds  a  market  as  a  fer- 
tilizer. To  collect  this  amount  of  dust  from  some 
I  cxx)  000  cubic  feet  of  gas  per  minute,  and  the  handling 
of  it  by  screw  conveyors,  requires  only  forty  kilowatts. 
The  precipitators,  of  which  there  are  ten,  are  made  up  of 
parallel  vertical  plates  connected  electrically  to  ground 
and  high-voltage  electrodes  consisting  of  wires  sus- 
pended between  the  plates. 

Another  cement  installation  is  that  at  the  plant  of 
the   Security  Lime   &  Cement   Company,   Hagerstown, 


Md.,  which  treats  180000  cubic  feet  of  gas  per  minute 
in  precipitators  having  a  total  of  800  pipes.  The  dust 
collected  at  Hagerstown  is  sufficiently  high  in  potash  to 
find  a  market  just  as  it  leaves  the  precipitator.  Experi- 
ments run  at  the  Bethlehem  Steel  Company  with  an 
electrical  precipitator  showed  that  the  dust  and  fume 
carried  by  the  blast  furnace  gases  at  that  company's 
South  Bethlehem  plant  contained  about  ten  percent  of 
potassium  salts  (computed  as  K.O),  most  of  it  soluble 
in  water. 

Commercial  application  of  electrical  precipitation  is 
now  being  made  in  many  industries  where  experimental 
work  has  shown  that  decided  improvement  in  plant  oper- 
ation could  be  expected  from  its  use.  Sulphur  dioxide 
gas  from  pyrite  burners  will  be  cleaned  of  ore  dust  and 
sulphuric  acid  before  using  it  for  making  calcium  sul- 
phite for  papermaking.  Oils  are  to  be  removed  from 
gases  coming  from  apparatus  in  which  wood  and  other 
organic  materials  are  undergoing  distillation.  Tar  is 
being  removed  from  gases  that  are  used  as  fuel  in  gas 
engines,  and  the  same  can  be  done  for  illuminating  gas. 

No  mention  has  been  made  of  the  developments  in 
metallurgical  fields,  such  as  the  collection  of  fumes  from 
smelter  gases.  Another  important  application,  that  of 
cleaning  blast  furnace  gases,  was  merely  touched  upon 
because  of  its  significance  as  a  potash  producer.  Em- 
phasis has  rather  been  placed  upon  those  problems 
thought  of  as  "chemical,"  such  as  the  handling  of  acid 
mist,  and  especially  those  problems  in  which  advantage 
is  taken  of  the  physical  selection  made  by  electrical  pre- 
cipitation in  that  only  solid  and  liquid  particles  are  col- 
lected and  all  material  in  gaseous  form  passes  through 
the  precipitator. 
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THE  application  of  electricity  to  japanning  or  enam- 
eling constitutes  one  of  the  latest  and  most  im- 
portant developments  in  the  industrial  heating 
field.  On  account  of  the  necessity  for  exact  tempera- 
ture regulation,  the  requirements  of  the  control  equip- 
ment for  meeting  the  existing  conditions  are  becoming 
more  and  more  exacting. 

The  heating  units  consist  of  ribbon-type  heaters  rated 
at  2.5  kw  at  120  volts.*  Any  suitable  number  of  these 
units  may  be  installed  in  an  oven  and  connected  to  any 
power  circuit  which  may  be  normally  supplied — either 
direct  current  or  single-phase  or  polyphase  alternating 
current  at  no,  220  or  440  volts.  On  a  220  volt  circuit 
two  heaters  are  connected  in  series,  and  at  440  volts  four 
heaters  are  connected  in  series. 

The  simplest  form  of  installation  consists  of  one  or 
more  heaters  installed  in  an  oven  and  connected  to  a  two- 


tFrom   a  discussion   of   a  paper   by  Mr.   C.   F.   Hirshfeld 
before  the  A.E.C.S.,  May  2-5,  1917. 


wire  circuit,  controlled  by  a  knife  switch,  Fig.  i.  A  three- 
wire,  single-phase,  or  a  three-phase  circuit  would  scarcely 
be  said  to  complicate  matters,  as  can  be  seen  from  Fig.  2. 
With  this  arrangement  the  knife  switch  is  used. 

Where  it  is  desirable  to  control  the  oven  from  a  dis- 
tant point,  magnet  switches  are  used.  This  method  of 
operation  is  employed  in  a  large  installation,  where  one 
man  is  placed  in  charge  of  the  operation  of  all  the  ovens 
and  is  held  responsible  for  the  maintainance  of  the 
proper  temperature  at  all  times.  Thermocouples  are 
used  for  indicating  the  temperature  in  such  cases,  the 
wires  from  all  the  ovens  being  brought  to  a  control  desk 
at  which  the  man  who  has  charge  of  the  operation  of  the 
ovens  is  located,  as  shown  in  Fig.  3.  Small  control 
switches  operate  the  magnet  switches  of  the  different 
oven  circuits  from  this  point. 

In  most  installations  it  is  desirable,  if  not  essential, 
that  the  temperature  of  the  oven  be  held  constant,  en- 


*See  Fig.  3  on  page  172  of  the  Journai,  for  May,  1917- 
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tirely  automatically,  throughout  the  working  day.  The 
accomplishment  of  this  feature  necessitates  the  use  of 
a  thermostat,  with  suitable  relays,  in  connection  with 
the  magnet  switches.  The  thermostat  consists  of  a 
contact-making  instrument,  the  movable  element  being 
actuated  by  pressure  generated  in  a  capillary  tube  which 
extends  into  the  oven.  The  tube  is  filled  with  gas,  vapor 
or  mercury.     The  pressure  generated  in  the  tube  and 
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•IG.    I — TYPIC.-^L    INSTALL.\- 

TION    OF    ELECTRIC 

HE.\TERS 

On  a  two-wire  circuit. 


FIG.    2 — TYPICAL   INSTALLATION 

OF  THREE  ELECTRIC  HEATERS 

IN  AN  OVEN 

On  a  three-phase  circuit. 


exerted  on  the  movable  hand  is  a  function  of  the  tem- 
perature, hence  the  instrument  may  indicate  tempera- 
tures by  being  so  calibrated  and  the  scale  marked  accord- 
ingly. Adjustable  contacts  or  indicators  are  provided,  by 
means  of  which  the  temperature  may  be  held  constant 
between  the  operating  limits  desired.  A  relay  is  re- 
quired in  connection  with  the  thermostat  for  operating 
the  main  magnet  switches.  This  relay  consists  of  a 
single-pole  magnet  switch,  with  an  additional  interlock 
or  secondary  switch,  as  shown  in  Figs.  4  and  5. 

Assuming  that  the  oven  is  cold,  and  it  is  desired  to 
heat  it  and  keep  it  in  operation  continuously,  the  adjusta- 
ble contacts  are  set  for  the  maximum  and  minimum 
allowable  temperatures,  and  the  pushbutton  is  closed. 
The  current  flows  through  the  low  contact,  the  movable 
pointer  and  through  the  relay  coil.  Energizing  the  relay 
coil  causes  the  relay  switch  and  interlock  to  close  sim- 
ultaneously.   The  closing  of  the  relay  switch  causes  the 
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FIG.   3 — DIAGRAM   OF   CONNECTIONS   OF    ELECTRIC    HEATERS 

Controlled  by  a  magnet  switch  from  a  master  switch  station. 

main  magnet  switch  coil  to  be  energized,  closing  the  main 
circuit.  Closing  the  interlock  gives  a  new  path  for  the 
current  to  the  relay  coil,  so  that  when  the  movable  hand 
breaks  contact  with  the  low  contact  it  does  not  break  the 
circuit.  The  temperature  of  the  oven  then  increases 
until  the  movable  hand  reaches  the  high  contact,  whereby 
the  relay  coil  is  shunted,  causing  it  to  be  demagnetized, 
thus  causing  the  relay  switch  and  consequently  the  main 


switch  to  open.  As  soon  as  the  heat  is  cut  off,  the  mov- 
able hand  begins  to  travel  from  the  high  to  the  low  tem- 
perature contact,  and  upon  reaching  the  loiv  tempera- 
ture setting  or  limit,  contact  is  made,  energizing  the 
relay,  and  again  closing  the  main  switch.  This  operation 
goes  on  indefinitely. 


FIG.  4 — TYPICAL  INSTALLATION  OF  ELECTRIC   HEATERS 

Showing  relay  with  thermostat  used  to  operate  magnet  switches. 

It  is  rapidly  becoming  the  practice  to  install  indi- 
vidual exhaust  fans  in  connection  with  each  oven  for 
the  purpose  of  insuring  proper  ventilating  conditions. 
When  natural  ventilation  afforded  by  the  use  of  a  high 
stack  is  depended  upon,  the  ventilation  is  not  a  constant 
quantity,  but  varies  from  day  to  day,  depending  upon 
humidity,  air  temperature  and  wind.  Even  with  an  ex- 
hauster, the  ventilation  will  become  impaired  in  course 
of  time,  due  to  the  heavy  oily  vapors  condensing  in  the 
vent  pipes,  forming  a  tary  substance,  which  finally  solidi- 
fies and  cokes.  Thus  the  vent  pipes  gradually  become 
restricted  as  to  cross-sectional  area,  with  the  possibility 
that  in  course  of  time  the  ventilation  will  become  suf- 
ficiently impaired  to  prevent  the  escape  of  the  volatile 
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FIG.    5 — DI-VGRAM    OF    AN    AUTOMATICALLY-EQUIPPED,    ELECTRICALLY- 
OPERATED  OVEN  INSTALLATION 

naphtha  vapors,  allowing  an  explosive  mixture  to  form. 
To  overcome  this  condition  a  motor-operated  exhauster 
is  used.  The  power  for  operating  the  main  magnet 
switch  is  taken  from  the  exhauster  motor  circuit,  and 
connected  back  of  the  starting  switch,  as  shown  in  Fig. 
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5,  thereby  eliminating  the  possibility  of  the  oven  being 
operated  without  the  exhauster.  It  is  known  that  the 
power  required  to  operate  an  exhauster  or  blower 
varies  with  the  amont  of  air  passing  through  it.  \\'hile, 
in  this  case,  the  power  would  not  vary  directly  with  the 
amount  of  air  handled,  the  variation  is  sufficient  to  en- 
able an  instrument  to  be  calibrated  in  such  a  manner  as 
to  give  a  close  indication,  by  the  decrease  in  current  input 
to  the  motor,  of  the  amount  by  which  the  vent  pipe 
has  become  stopped  up.  Further,  if  a  relay  be  inserted 
in  the  motor  circuit,  as  shown  in  Fig.  5,  with  a  suitable 
cod  and  short-circuiting  plunger,  the  stopping  up  of  the 


vent  pipe,  whether  caused  by  the  vapor  condensing  in 
the  pipe,  accidental  closing  of  the  damper,  or  a  piece  of 
work  falling  off  the  conveyor  across  the  vent  opening, 
will  be  followed  by  a  decreased  input  to  the  motor.  This 
decreases  the  current  flowing  in  the  current  coil  to  such 
an  extent  that  the  magnet  no  longer  has  sufficient  power 
to  hold  up  the  plunger  and  weight  and  allows  it  to  drop. 
This  short-circuits  the  two  auxiliary  contacts,  which  in 
turn  short-circuit  the  thermostat  relay  coil,  causing  the 
main  magnet  switch  to  open.  Thus  with  a  properly 
equipped  electrically-operated  oven,  the  danger  from  ex- 
plosions of  volatile  gases  may  be  entirely  removed. 


I.   C     Ml.NICK 


THE  problems  that  have  been  confronting  the  man- 
agements of  central  stations  and  their  operating 
organizations  throughout  the  country  for  the  past 
two  years  have  run  the  entire  gamut  of  the  electrical  in- 
dustry. The  provision  of  additional  generating  capacity 
naturally  entailed  the  addition  of  more  switching  and 
transforming  equipment  for  transmission  of  the  in- 
creased power.  According  to  figures  given  out  by  the 
Society  for  Electrical  Development  more  than  twenty- 
two  billion  kilowatt-hours  were  generated  in  the  United 
States  during  1916. 

To  distribute  and  measure  this  large  increase  in 
power  has  required  the  manufacture,  at  an  unprece- 
dented rate,  of  enormous  quantites  of  distributing  trans- 
formers, copper  wire,  insulators,  line  material  of  every 
kind,  watt-hour  meters,  switches,  fuses,  fittings,  etc. 
This  heavy  demand  for  equipment,  coinciding  with  the 
shortage  in  materials  caused  by  war  conditions,  has  cre- 
ated many  difficulties  for  the  electrical  manufacturer, 
and  has  ven,'^  naturally  lengthened  deliveries  on  most 
classes  of  electrical  apparatus.  The  situation  in  the  cop- 
per market  has,  of  course,  been  particularly  acute,  in 
consequence  of  which  the  question  of  properly  increas- 
ing and  adjusting  the  central-station  distributing  systems 
to  the  new  load  conditions  has  been  both  difficult  and 
expensive. 

With  the  necessity  of  quickly  providing  new  cus- 
tomers with  electrical  service,  or  of  supplying  more 
power  to  old  customers,  it  has  been  impossible  in  many 
cases  for  the  central  station  to  distribute  the  load  over 
the  feeder  system  in  the  most  economical  manner.  Very 
often  the  loads  on  individual  feeders  have  increased  be- 
yond the  amount  for  which  the  feeder  was  installed.  In 
other  cases  it  has  been  necessary  to  run  an  extension  to 
an  existing  feeder  to  pick  up  a  new  load  which,  under 
normal  conditions,  would  have  been  supplied  by  install- 
ing a  new  feeder.  In  many  localities  small  factories, 
employing  motor  drive,  have  been  started  in  locations 


where  no  power  feeders  were  available,  and  the  power 
has  had  to  be  supplied  from  lighting  feeders.  .'\lso, 
where  a  number  of  power  feeders  radiate  from  the  same 
generating  station  or  substation,  it  frequently  happens 
that  the  line  drop  on  some  of  these  feeders  becomes  ex- 
cessive at  certain  periods  of  the  day,  due  to  the  low 
power-factor  resulting  from  the  large  induction  motor 
load. 


nr.s.  I  and  2— sixci.E-phase,  oil-insulated,  vvater-coolED, 

INDUCTION  FEEDER  VOLTAGE  REGULATOR 

.\11  of  the  foregoing  conditions  tend  to  affect  the 
voltage  regulation  of  the  distribution  system  unfavor- 
ably, and  result  in  impairing  the  central-station's  service 
to  customers.  To  maintain  the  voltage  at  the  proper 
value  throughout  the  system  by  the  addition  of  extra 
feeder  lines,  or  by  the  installation  of  heavier  feeders, 
entails  heavy  expense  not  only  for  the  additional  copper, 
but  also  for  the  necessary  line  material  that  must  be 
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used.  Even  in  those  systems  where  the  present  copper 
is  sufficient  to  carry  the  load  under  normal  conditions 
without  lowering  the  voltage  unduly  from  line  drop,  it 
may  be  found  that  the  load  centers  on  certain  feeders 
will  shift  throughout  the  day,  so  that  it  becomes  impos- 
sible to  maintain  the  proper  voltage  at  different  points 
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FIG.  3 — REI-WION  BETWEEN  SIZE  OF  WIRE  AND  COST  AND 
PERCENT  DROP 
For  different  sizes  of  triple-braided,  weather-proof  copper 
wire.  Curves  based  on  one  mile  of  line  (two  miles  of  wire). 
Line  current,  100  amperes.  No  correction  made  for  reactive 
drop.  Cost  of  wire,  sizes  4  to  4/0,  36.8  cents  per  pound ;  larger 
wire,  37  cents  per  pound.  Sizes  up  to  3/0  are  solid  conductor ; 
4/0  and  larger  are  stranded  conductor. 

on  the  circuit.  This  latter  condition  is  apt  to  occur  on 
feeders  carrying  a  mixed  power  and  lighting  load,  or  on 
very  long  feeders  supplying  loads  at  different  points. 

With  the  existing  abnormal  conditions  in  the  copper 
market,  both  as  to  price  and  delivery,  the  matter  of  im- 
provement of  voltage  conditions  throughout  the  distri- 
bution system  therefore  becomes  a  serious  question.  The 
importance  of  maintaining  constant, 
normal  supply  voltage  at  consumers' 
services,  at  least  for  lighting,  is  so 
vital  that  in  general  the  central  sta- 
tions spare  no  expense  to  accom- 
plish this  end.  On  the  other  hand, 
the  heavy  investment  in  copper  and 
line  material  involved,  with  the  re- 
sulting increased  interest  and  depre- 
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FIG.   4 — 
PRIMARY  RELAY 


-SECONDARY  RELAY   COMBINED 
WITH  LIMIT  SWITCH 


other  cases  the  installation  of  heavier  feeders,  yet  it  is 
being  demonstrated  very  satisfactorily  that  the  induc- 
tion-type feeder  voltage  regulator  will  in  a  great  ma- 
jority of  cases  appreciably  lessen  the  total  expense.  The 
regulator  will  also  usually  provide  even  better  average 
voltage  regulation  than  would  be  obtained  with  an  in- 
creased expense  for  feeder  copper. 

The  curve  in  Fig.  3  shows  the  line  drop  in  percent 
on  a  single-phase  circuit  with  different  sizes  of  con- 
ductors, carrying  100  amperes ;  also  the  cost  of  the  wire, 
using  triple-braided,  weather-proof  copper  wire.  Thus 
to  carry  100  amperes  and  to  maintain  the  voltage  within 
two  percent  of  normal  at  a  distance  of  one  mile  from 
the  point  of  supply,  a  feeder  of  250000  circ.mils.  is  re- 
quired, costing  at  present  market  prices,  exclusive  of 
other  line  material  or  labor  charges  for  installation, 
about  $3800.  A  feeder  voltage  regulator  rated  at  23 
k.v.a.,  2300  volts,  100  amperes,  single-phase,  60  cycles, 
for  ten  percent  regulation,  arranged  for  automatic  oper- 
ation, and  installed  on  a  No.  3  B.  &  S.  gauge  feeder,  will 
maintain  the  voltage  within  1.5  percent  of  normal  con- 


ciation  charges,  make  the  subject  worthy  of  the  most 
careful  study  to  determine  the  best  method  to  be  fol- 
lowed. 

While  there  is  no  other  alternative  in  many  cases  but 
the  addition  of  more  feeder  circuits  or  extensions,  or  in 


FIG.   6 — LINE  DROP   COMPENSATOR 

For  twenty  percent  compensation  at  variable  power-factor. 

tinuously,  and  will  cost  for  both  regulator  and  wire  less 
than  one-half  the  foregoing  amount. 

A  feeder  regulator  has  the  further  advantage  that 
the  voltage  will  be  held  within  the  foregoing  limits  even 
if,  during  periods  of  light  load,  the  station  voltage  is 
raised  by  as  much  as  ten  percent  above  normal.  That  is, 
the  regulator  will  deliver  constant  voltage  to  the  load 
from  a  variable  supply  voltage,  as  well  as  compensate 
for  voltage  drop  in  the  line,  whereas  additional  line  cop- 
per will  in  no  way  correct  for  a  variable  supply  voltage. 

Standard  induction  type  regulators  are  wound  for 
ten  percent  regulation  on  2300  volt  circuits  and  for  dif- 
ferent current  values.  A  ten  percent  regulator,  how- 
ever, has  a  voltage  range  of  ten  percent  in  either  direc- 
tion from  the  neutral  or  zero  value,  and  therefore  will 
raise  the  line  voltage  any  desired  amount  up  to  an  in- 
crease of  ten  percent,  or  will  lower  the  line  voltage  by 
the  same  percentage.  This  advantage  in  the  operation 
of  regulators,  however,  is  not  as  generally  appreciated 
as  it  should  be,  since  it  enables  the  central  station  either 
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FIG.  7 — MAIN   CONNECTIONS  OF  SINGLE- 
PHASE  FEEDER  REGULATOR 


to  compensate  for  a  greater  line  drop  or  to  use  a  smaller 
regulator.  That  is,  by  raising  the  bus  voltage  ten  per- 
cent above  normal  and  installing  feeder  regulators  and 
allowing  them  to  operate  throughout  their  complete 
range  (ten  percent  boost  and  ten  percent  buck),  a  com- 
pensation for  twenty  percent  in  voltage  drop  may  be 
obtained.    In  case  the  maximum  line  drop  is  not  over  ten 

_._  ,_ r^.^  Lo.d.y.r>     percent,   a  regulator 

"V  ri^F'"^  for  five  percent  reg- 
ulation (five  percent 
boost  and  five  per- 
cent buck)  may  be 
installed  and  the  bus 
voltage  raised  five 
percent,  thus  using  a 
regulator  of  one-half  the  k.v.a.  rating  that  would  be  re- 
quired for  ten  percent  regulation.  Where  it  is  not  per- 
missible to  raise  the  bus  voltage,  an  autotransformer 
may  be  used  on  individual  feeders  to  boost  the  voltage 
by  a  fixed  amount,  say  five  or  ten  percent,  and  thus  se- 
cure a  wider  range  of  regulation. 

The  modern  induction-type  feeder  voltage  re;>u- 
lators.  Figs.  I  and  2,  are  a  highly  efficient  and  an  entirely 
dependable  class  of  apparatus.  Properly  installed  and 
inspected,  these  regulators  will  remain  in  service  con- 
tinuously for  long  periods  with  but  very  little  main- 
tenance expense.  For  the  automatic  operation  of  a 
single-phase  regulator,  which  is  required  to  compensate 
for  voltage  drop  occurring  in  the  line  between  the  regu- 
lator and  load,  the  accessories  shown  in  Figs.  4,  5  and 
6  are  used  together  with  voltage  and  current  trans- 
formers. When  the  regulator  must  correct  only  for 
variable  supply  voltage,  and  is  not  required  to  maintain 
constant  voltage  at  a  distant  point,  the  line  drop  com- 
pensator and  current  transformer  are  omitted.  For 
three-phase  regulators  the  same  assessories  are  used,  e.K- 
cept  that  when  a  line  drop  compensator  is  used  two  cur- 
rent transformers  are  necessary  in  order  to  provide  a 
current  through  the  compensator  in  phase  with  the  line 
voltage. 

In  general,  the  voltage  variations  on  lighting  feeders 
are  somewhat  gradual,  being  due  to  changes  in  the  volt- 


FIG.  8 — COXNECTIOXS   OF  AUXILIARY   APPARATUS 

For  automatic  operation  of  feeder  regulator, 
age  drop  with  changes  in  the  load  on  the  feeder,  and  the 
regulator  will  therefore  have  to  compensate  for  the  line 
drop,  but  the  incoming  voltage  where  the  regulator  is 
installed  may  be  constant.  On  power  feeders  the  voltage 
variations  may  take  the  form  of  rapid  swings  or  fluctua- 
tions, due  to  the  starting  and  slopping  of  motors.     In 


other  cases  the  supply  voltage  may  vary  at  the  bus-bars, 
e.  g.,  where  a  transformer  substation  is  supplied  from  a 
long  transmission  line. 

It  is  evident  that  to  obtain  closest  possible  regulation 
in  such  a  case,  the  action  of  the  relays  in  following  a 
variation  of  line  voltage  must  be  both  sensitive  and 
accurate,  and  that  the  sequence  of  operation  of  relays, 

A  -Control  Circuil- 
Voltaqe  (Across 
Primary-fleloy 
Oomactsj 

i    .  Time -Seconal  \ 
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I  Primorf-Relay  Contacts  Ciose      y\ 

llllllll         -Feeder  Voltoge  Chonijes. 

feeder  VoUaqe  Returns  ri  Normal 

FIG.    9 — OSCILLOGRAM 

Showing  time  in  seconds  between  a  voltage  variation  on  a  60 

cycle   feeder  circuit  and   a  closing  of   the 

primary  relay  contacts. 

motor,  etc.,  must  occur  very  rapidly,  both  in  starting  and 
stopping  the  regulator  rotor.  Since  a  voltage  variation 
must  actually  occur  before  the  relays  will  operate  and 
the  motor  .'■tart,  the  voltage  should  be  lirought  back  to 
normal  in  th.;  shortest  time  interval  that  is  practicable. 

The  se(iuence  of  operation  of  the  parts  of  an  auto- 
matic feeder  regulator  is  shown  in  Figs.  7  and  8.  As- 
sume that  a  sudden  change  of  load  occurs  on  the  feeder. 
Instantly  a  change  occurs  in  the  voltage  impressed  by  the 
series  transformer  across  the  terminals  SV  of  the  com- 
pensator, which  changes  the  voltage  on  ^fesmain  solenoid 
of  the  primary  relay,  thus  closing  one  or  other  of  the 
two  contacts,  depending  on  whether  the  voltage  has  in- 
creased or  decreased.  The  primary  relay  having  closed 
one  contact,  one  phase  of  the  220  volt  control  circuit  is 
now  closed  through  the  solenoid  of  the  secondary  relay, 
which  in  turn  closes,  thus  starting  the  operating  motor. 
When  the  motor  has  driven  the  rotor  of  the  regulator 
far  enough  to  correct  the  voltage,  the  primary  relay 
opens,  thus  opening  the  secondary  relay,  and  the  mag- 
netic brake  being  released,  instantly  stops  the  operating 
motor. 

To  measure  the  time  interval  elapsing  between  a  volt- 
age variation  on  a  feeder  circuit,  and  the  closing  of  the 


I — Jecondary-Helay  Contacts  Close. 
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FIG.    10 — OSCILLOGRAM 

Showing  sequence  of  operation  of  relays  and  operating  moto 
and  time  for  each  operation. 

relays  and  starting  of  the  operating  motor,  oscillograms 
reproduced  in  Figs.  9  and  10,  were  taken  on  an  actual 
test  of  a  standard  regulator  and  relays.  Fig.  9  shows 
that  in  approximately  o.i  second  after  a  voltage  varia- 
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tion  occurred  one  of  the  contacts  of  the  primary  relay 
had  closed ;  also  that  in  approximately  one-twentieth  of 
one  second  after  the  voltage  returned  to  normal  the  con- 
tact opened.  Fig.  10  shows  that  in  approximately  one- 
thirtieth  of  one  second  after  the  primary  contact  closed, 
the  secondary  relay  had  closed,  as  indicated  by  the  cur- 
rent through  the  brake  coil,  and  also  that  in  about  one- 
thirtieth  of  one  second  later  the  motor  started,  thus  be- 
ginning to  turn  the  regulator  rotor  so  as  to  correct  the 


FIG.   II — OPERATING   MOTOR  .\ND  DIS.\SSEMBI,ED  VIEW  OF  BR.\KE 

voltage.  The  motor  came  up  to  speed  in  a  little  over 
0.1  second  or,  adding  all  the  increments  of  time,  the 
motor  was  running  at  full  speed  in  approximately  0.35 
second  after  a  voltage  variation  occurred  on  the  line. 
Equally  important  are  the  conditions  shown  in  stopping. 
About  0.06  second  is  required  for  the  primary  contact  to 
open  after  the  voltage  has  returned  to  normal,  and  a 


further  time  of  approximately  0.05  second  for  the  sec- 
ondary relay  to  open ;  the  action  of  the  brake  is  shown 
to  be  instantaneous  with  the  opening  of  the  secondary 
relay ;  that  is,  the  motor  has  stopped  within  one  revolu- 
tion. These  oscillograms  do  not  show  the  time  required 
to  correct  the  voltage  variation,  this  time  being  deter- 
mined by  the  amount  the  voltage  may  have  varied.  The 
regulator,  however,  has  a  speed  of  travel  of  approxi- 
mately ten  seconds  for  the  entire  range  from  ten  percent 
buck  to  ten  percent  boost,  so  that  a  variation  of 
say  six  percent  in  voltage  from  normal,  occur- 
ring instantly,  would  require  only  about  3.5 
seconds  to  be  brought  back  to  normal,  and  for 
all  action  of  the  motor  and  relays  to  stop. 

It  will  be  seen  from  the  foregoing  test  data 
that  the  modern  induction  regulator  will  oper- 
ate quickly  enough  to  smooth  out  the  greater 
number  of  voltage  variations  that  may  occur 
on  any  ordinary  commercial  feeder  circuit,  the 
exceptions  being  practically  confined  to  such 
occasional    fluctuations    as    may    result    from 
switching,  or  starting  up  large  motors.     It  is 
assumed,  of  course,  in  this  statement  that  the  generator 
voltage  is  maintained  constant  at  the  bus-bars.     If  the 
generator  does  not  supply  steady,  normal  voltage  at  the 
bus-bars  at  all  loads,  this  condition  should  be  corrected 
by  means  of  an  automatic  generator  voltage  regulator, 
acting  on  the  exciter  field,  or  by  other  means,  and  not  by 
use  of  feeder  resfulators. 
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1460 — Substation  Power-Factor — Fig. 
(a)  represents  a  power  station  con- 
nected to  two  substations  by  a  three- 
phase  transmission  line.  How  would 
the  power-factor  at  either  of  the 
substations  affect  that  at  the  other? 
Also,  if  the  power-factor  of  substation 
No.  I  was  0.80  and  that  at  substation 
No.  2  was  0.70,  would  the  resultant 
power-factor  at  the  power  station  be 
the  mean  of  the  two? 

s.  s.  (south  afric.\) 
(a)  The  power-factor  of  either  of  the 
substations  shown  would  have  no  effect 
whatever  upon  the  other  substation ;  the 
power-factor  of  each  substation  would 
depend  wholly  upon  the  load  which  was 


CI3- 


i 


-n 


FIG.  i400(.a; 

connected  to  that  substation,  unless,  of 
course,  the  power-factor  included  syn- 
chronous rotating  machinery,  in  which 
case  the  excitation  of  this  rotating  ap- 
paratus would  largely  determine  the 
power-factor  of  the  particular  substa- 
tion,    (b)  The  resultant  power-factor  of 


the  two  substations  would  equal  the  volt 
amperes  divded  by  the  watts.  Hence  it 
is  impossible  to  tell  what  the  resultant 
power-factor  would  be  unless  the  rela- 
tive loads  at  each  power-factor  are 
known.  c.  R.  R. 

1 461 — Transformer  Connections — 
Please  give  me  the  following  informa- 
tion:—(a)  Si.x  25  k.v.a.,  11000—440 
volt  transformers  are  Y  connected  to 
the  primaries  and  delta  connected  to 
the  secondaries,  one  leg  of  which  is 
grounded,  as  shown  in  Fig.  (a). 
Two  25  watt  lamps  are  connected  to 
one  coil  of  one  of  the  transformers. 
The  transformer  cases  are  grounded, 
but  the  primary  lines  are  clear  of 
grounds.  When  switch  A  is  closed  the 
lamps  burn  red,  switches  B  and  C 
being  open.  When  switches  B  and  C 
are  closed  separately  the  lamps  remain 
dark,  but  when  either  is  nearly  closed 
so  that  the  charging  current  arcs  be- 
tween switch  points  the  lamps  burn  red 
and  flicker  very  rapidly.  Why  is  it 
that  these  lamps  burn  under  these  con- 
ditions? At  no  time  are  there  two 
switches  closed  at  the  same  time,  (b) 
The  secondaries  of  these  transformers 
have   four  coils,   giving    120,   240,   480 


volts.  Under  the  conditions  of  con- 
nections as  indicated  in  (a)  whatis 
the  capacity  of  the  120  volt  circuit? 
If  this  circuit  is  loaded  is  there  any 
reserve  capacity  in  the  other  trans- 
formers?    What  is  this  capacity? 

J.  H.  B.  (coLO.) 

(a)  The  reason  for  the  state  of  affairs 

observed  is  probably  to  be  found  in  the 

electrostatic  capacity  of  the  transformers 

from  high-tension  winding  to  case  and 
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FIG.  1461(a) 


core  and  of  the  line  wires  to  ground. 
When  the  switch  A  is  closed  there  is  a 
path  for  charging  current  from  A  to  the 
high-tension  windings  of  the  three  trans- 
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formers,  thence  to  ground  across  the  ca- 
pacity of  the  transformers,  thence  to 
wires  B  and  C  across  the  capacity  from 
lines  to  ground.  So  there  is  a  current 
in  the  primary  winding  of  A  which  grad- 
ually decreases  from  a  maximum  at  the 
line  end  to  a  minimum  at  the  star  end 
of  the  winding,  and  the  ampere  turns 
thus  produced  are  neutralized  by  a  cur- 
rent in  the  secondary,  which  causes  the 
lamps  to  glow.  If  the  switch  5  or  C  is 
closed,  the  current  in  the  A  transformer 
is  smaller  than  before,  both  because  a 
large  part  of  the  charging  current  which 
entered  at  5  or  C  has  gone  to  ground, 
and  also  because  the  remainder  has  split 
at  the  star  point,  part  going  each  way. 
In  this  case  the  magnetization  of  the  A 
core  is  not  sufficient  to  light  the  lamps. 
But  if  the  switch  is  opened  so  as  to 
cause  an  arc,  there  is  a  high-frequency 
discharge  which  increases  the  amount  of 
the  current  until  the  lamps  may  glow 
again.  We  assume  that  the  lamps  are 
connected  to  the  secondary  of  the  trans- 
former whose  primary  is  controlled  by 
the  switch  A,  instead  of  to  that  con- 
trolled by  C,  as  shown  in  Fig.  (a), 
(b)  From  the  above  it  follows  that  the 
current  output  of  the  secondary  is  lim- 
ited by  the  current  which  can  flow  in  the 
primary.  We  should  e.xpect  one  lamp  to 
burn  more  brightly  than  the  two  in  par- 
allel and  more  lamps  to  burn  less 
brightly.  The  electrostatic  capacity  of  a 
transformer  of  this  size  is  of  the  order 
of  0.0025  microfarad,  and  the  three 
transformers  would  give  a  capacity  to 
ground  of  about  0.0075  microfarad.  If 
it  is  assumed  the  capacity  from  ground 
to  lines  is  such  that  the  total  capacity  of 
the  circuit  is  .003  microfarad,  the  cur- 
rent at  25  cycles  will  be  I  =  uCE  =  757 
X  o.ooj  X  10-^  X  II 000=  0.0053 amperes, 
entering  at  A   and,  since  two-thirds   of 


this  reaches  the  star  point,  the  average 
current  in  A  is  0.83  X  0.0052  =  0.0043 
amperes.  In  the  low-tension  winding 
this  corresponds  to 

0.0043X11000^  ^^p^  „„,p,res. 

120 

which  would  be  sufficient  to  cause  the 
two  25  watt  lamps  to  glow.  j.  B.  c. 

1462 — Lag  Adjustment  of  Wattmeters 

— It  is  desired  to  test  all  the  induction 
meters  on  a  large  system  for  accuracy 
of  the  lag  adjustment  by  the  following 
method: — Two  adjustable  lamp  banks 
are  connected  to  a  three-phase  service 
as  shown  in  Fig.  (a),  which  shows 
also  the  current  coils  and  potential 
coils  of  the  standard  and  of  the  meter 
being  tested.  Provision  is  made  for 
absolutely  balancing  the  two  lamp 
banks.  \\'hen  this  is  done  the  stand- 
ard reads  zero,  due  of  course  to  there 
being  a  90  degree  angle  between  the 
current  and  voltage  supplied  to  it.  The 
lag  coil  of  the  meter  being  tested  is 
now  adjusted  until  the  meter  stands 
still.  It  would  seem  that  this  method 
is  advantageous  because  of  the  rapid- 
ity with  which  adjustments  can  be 
made,  it  being  unnecessary  to  take  a 
tedious  number  of  checks.  Also,  if 
other  power- factors  than  zero  are  de- 
sired they  can  be  obtained,  leading  or 
lagging,  by  unbalancing  the  lamp 
banks,  (a)  What  is  the  general  opin- 
ion of  competent  engineers  on  this 
method?  Is  it  as  accurate  as  other 
methods  of  making  the  test  in  ques- 
tion? What  are  the  sources  of  error? 
(b)  It  is  feared  that  in  using  the 
above  method  the  inductance  of  the 
potential  circuit  of  the  standard  will 
introduce  an  error.  How  much  induct- 
ance can  this  circuit  have  and  still  en- 
able  an  accuracy   of   one-half   of   one 


percent  to  be  attained?    The  standard 
used  is  of  the  Westinghouse  precision 
type,  and  the  inductance  of  its  poten- 
tial circuit  is  9.35  millihenrys.     Please 
explain   a   method   of   calculating  the 
error  introduced  by  this  quantity  at  60 
cycles.    We  also  have  a  deflection-type 
wattmeter,  the  induction  of  whose  po- 
tential circuit  is  3.3  millihenrys.    Would 
it  be  better  to  use  this?    L.  M.  S.  (n.  D.) 
(a)     This    method    of    securing    any 
power-factor  by  using  a  load  connected 
in  open  delta,  with  meters  in  the  circuit 
as  shown,  is  used  in  many  meter-testing 
laboratories.     It   is   simple,   has   a   wide 
range   of   power-factor,   and   the   three- 
phase  current  usually  is  easily  obtained. 
This  method  is  as  accurate  as  the  stand- 
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ard  will  allow.  The  sources  of  error  are 
mainly  inductance  between  the  meters 
and  in  the  meters.  However,  this  is  too 
small  to  cause  any  appreciable  error, 
(b)  The  inductance  of  the  precision 
meter  is  low  enough  to  make  it  come 
well  within  the  usual  requirement  of  two 
percent  maximum  error  at  50  percent 
power- factor,  and  four  percent  at  10 
percent  power-factor.  It  would  be  bet- 
ter to  use  the  precision  meter  all  the  way 
through  and  the  results  will  be  more  sat- 
isfactory on  the  whole.  j.  h.  m. 


CORRECTION 


In  the  fifth  and  sixth  lines  from  the 
bottom  of  the  middle  column  of  page 
202  in  the  Journal  for  May,  1917,  the 
term  0.80  should  read  0.70. 
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Saves    Money 


Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward-Leonard    Resistance 

to   screw  into  a  socket   and   re- 
place lamps. 

WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON,  N.  Y. 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance — not  to  give  light. 

It  offers  an  interchangeable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light — think 

WARD  LEONARD 
The 

Resistance  Specialists 


Bad  &  Westburg  Electric  Co.,  Chicago,  111.       John  B.  Sebring,  Pittsburgh,  Pa.       Wm.  Miller  Tompkins,  Philadelphia,  Pa. 
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The  more  usual  features  of  trauslorm- 
er    practice    are    well    understood    by 
Transformer     ojierating    engineers.      The    electrical 
Practice  performance,  that  is  the  iron  and  cop- 

per losses,  regulation,  exciting  cur- 
rent, heating  etc.,  can  readily  be  obtained  from  the 
manufacturers'  published  d;ita  or  can  be  determined 
by  simple  and  well-known  tests.  Other  essential  fea- 
tures, such  as  character  of  insulation,  reliability,  life, 
etc.,  the  operator  must  take  largely  on  trust,  basing  his 
trust  on  the  reputation  of  the  manufacturer,  as  he  can- 
not determine  them  satisfactorily  for  himself  either  by 
examination  or  test. 

The  operator  is  concerned  with  design  principles 
just  so  far  as  they  enable  him  to  appreciate  the  relative 
adaptabilities  of  different  types  of  apparatus  to  his  own 
particular  service,  and  to  check  for  himself  the  claims 
to  merit  of  different  general  types  of  design.  But  he 
is  more  interested  in  the  operating  characteristics  of 
the  apparatus,  especially  with  those  features  which  de- 
tennine  the  economy  of  operation,  such  as  the  effects 
of  magnetizing  current,  the  best  relative  proportions 
between  iron  and  copper  loss,  the  effects  of  variation  of 
voltage,  frequency  and  wave  shape ;  the  effect  of  vari- 
ous operating  conditions  on  parallel  operation,  and 
similar  problems.  He  needs  to  know  the  normal  per- 
formance characteristics  of  the  machinery  under  his 
care,  so  that  he  can  arrange  for  its  most  effective  normal 
operation.  He  also  wants  to  understand  its  performance 
under  a  wide  variety  of  abnormal  conditions,  so  that 
he  can  be  prepared  for  any  operating  emergencies  that 
may  arise.  He  wishes  to  know  not  only  the  normal 
connections,  but  also  the  exact  effect  of  connections 
which  are  normally  imsuitable,  in  order  to  determine 
whether,  in  an  emergency,  he  can  use  them  temporarily. 
These  are  the  features  concerning  his  apparatus  which 
he  expects  to  study  and  on  which  he  continually  de- 
sires more  information. 

To  those  who  are  seeking  data  of  this  kind  regard- 
ing stationary  transformers,  especially  in  the  smaller 
sizes  which  are  in  most  common  use,  the  series  of  ar- 
ticles on  "The  Essentials  of  Transformer  Practice", 
the  introductory  section  of  which  appears  in  this  issue 
of  the  Journal,  will  prove  particularly  valuable.  From 
an  extensive  experience  in  transformer  design  and 
operation,  during  many  years  of  close  contact  with  cen- 
tral station  operators,  the  author  has  selected  for  dis- 
cussion those  features  of  transformer  practice  in  which 
the  user  is  directly  interested.  They  are  written  en- 
tirely from  the  standpoint  of  the  practical  operator,  and 
are  intended,  so  far  as  possible,  to  answer  the  questions 


which  are  liable  to  arise  in  connection  with  the  opera- 
tion (if  a  distribution  svstem. 


The  advantages  of  logarithmic  cross- 
Curve    Plotting    section  paper  have  been  appreciated 
with  ^o'"  iTiany  years  by  some  engineers, 

Logarithmic  ^^^^  there  is  room  for  its  more  exten- 
Co-ordinates  ^ive  use.  Any  exponential  equation 
of  the  general  form  3'  ^  kx"  will  be 
a  straight  line  when  plotted  on  double  logarithmic  pa- 
per. Similarly  any  equation  of  the  general  form 
y  =  ka "'  will  be  a  straight  line  when  y  is  plotted 
logarithmically  and  x  arithmetically.  This  characteris- 
tic is  especially  useful  in  plotting,  for  example,  a  series 
of  hyperbolas,  which,  on  arithmetical  paper,  must  be 
plotted  from  a  number  of  calculated  points,  while  on 
logarithmic  paper  only  two  points,  or  only  one  point 
and  the  slope,  are  necessary. 

An  advantage  of  the  logarithmic  paper,  not  so  widely 
recognized,  is  that  it  gives  the  same  percentage  accuracy 
over  its  whole  range,  in  the  same  manner  as  a  slide 
rule.  With  straight  cross-section  paper,  if  at  a  value  of 
15.  a  quarter  of  an  inch  represents  a  change  of  ten 
percent,  the  same  distance  gives  a  change  of  only  one 
percent  at  a  value  of  150.  On  logarithmic  paper,  how- 
ever, a  given  distance  means  the  same  percent  change 
on  any  part  of  the  scale.  A  correlative  advantage  is  the 
great  foreshortening  of  the  scale.  It  is  practically  im- 
possible to  plot  values  over  a  wide  range  on  arithmetical 
paper;  whereas  with  logarithmic  paper  the  values  be- 
tween /  and  J  are  just  as  legible  and  have  the  same 
percentage  accuracy  as  those  between  1000  and  2000. 
Where  the  foreshortening  effect  only  is  desired,  it  is 
not  necessary  that  the  co-ordinates  be  to  the  same  scale. 
The  abscissae  scale  may  be  several  times  that  of  the 
ordinates:  or  they  may  be  uniform,  to  represent  time  or 
other  similar  intervals. 

Still  another  advantage  of  the  logarithmic  paper  is 
that  the  slope  of  the  line  representing  an  exponential 
equation  is  proportional  to  the  exponent.  A  variant  of 
this  advantage  is  illustrated  by  the  curves  in  the  article 
by  Mr.  C.  E.  Skinner  in  this  issue.  When  the  slope  of  a 
curve  changes  suddenly,  a  critical  point  is  generally 
indicated,  that  is,  a  point  at  which  some  change  in  the 
structure  or  characteristics  of  the  material  being 
analyzed  takes  place.  Such  a  change  in  curvature  is 
difficult  to  notice  on  arithmetical  co-ordinate  paper  or 
from  inspection  of  the  data.  But  even  a  slight  change 
in  the  slope  of  a  straight  line  is  readily  noticeable,  so 
that  such  a  critical  point  is  much  more  apparent  when 
the  data  is  plotted  logarithmically. 
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INSULATING  materials  and  insulated  structures 
comprise  such  a  tremendous  variety  in  kinds,  quali- 
ties and  applications  that  no  one  test  has  ever  been 
found  which  will  give  even  the  major  part  ot  the  mfor- 
mation  desired  in  connection  with  them.  Of  the  four 
general  classes  of  materials  entering  into  the  construc- 
tion of  dynamo  electric  machinery  and  apparatus,  insu- 
lation is  by  far  the  most  difficult  to  evaluate.  The  other 
three  classes — namely,  conducting,  magnetic  and  struc- 
tural materials — are  all  more  readily  evaluated  with  re- 
gard to  those  qualities  desirable  in  the  construction  of 
electrical  apparatus.  The  conductivity  of  copper,  for 
example,  can  be  measured  to  a  fraction  of  a  percent. 
Permeability,  hysteresis  loss  and  eddy  current  loss  in 
magnetic  material  can  be  measured  with  a  fair  degree  of 
accuracy,  and  the  mechanical  characteristics  of  such  ma- 
terial can  be  determined  with  the  same  degree  of  preci- 
sion as  those  of  any  other  material.  The  determination 
of  the  essential  characteristics  of  material  used  for 
structural  purposes  only  presents  a  problem  common  to 
the  determination  of  such  qualities  in  all  structural  ma- 
terial. 


FIG.    I — DIAGR.VM    OF    CONNECTIONS    OF    TEST    AI>1>.\K.\TUS 

T — testing    transformer;     A — Kelvin     multicellular    voltmeter 

used  as  an  ammeter,  with  its  resistance  R;  W — wattmeter, 

with   its    resistance   r;    V — static   voltmeter ; 

H — sample  holder. 

Insulating  materials  comprise  an  enormous  variety 
of  kinds,  compositions,  physical  characteristics  and  qual- 
ities. Gases,  liquids  and  solids  are  used  for  different 
purposes,  and  the  chemical  composition  runs  the  whole 
gamut,  from  simple  oxides,  for  example,  to  the  most 
complex  hydrocarbons.  In  most  instances  the  charac- 
teristics available  for  a  given  application  are  such  that 
the  enhancement  of  any  particular  quality  may  require 
the  sacrifice  of  another  desirable  quality.  For  example, 
increasing  the  dielectric  strength  of  an  insulating  varnish 
usually  results  in  increased  brittleness.  Increasing  the 
fluidity  of  transformer  oil  usually  results  in  decreasing 
its  flashing-point.  Increasing  the  fire-resisting  qualities 
of  most  insulating  structures  decreases  their  mechanical 
strength  and  insulating  value.  The  study  of  insulation 
is,  therefore,  an  extremely  complicated  and  far-reaching 
study,  beset  with  many  difficulties.  Even  the  mechanical 
characteristics  of  insulation  are  more  difficult  to  evalu- 


ate than  the  same  characteristics  of  the  other  materials 
entering  into  electrical  machinery. 

In  the  early  days  the  magneto  was  the  main  depend- 
ence of  dynamo  builders  for  determining  whether  or  not 


FIG.    2— W.VTTMETER    WITH    ONE    QUADRANT    REMOVED. 
SHOWING   INTERIOR 

the  insulation  was  satisfactory.  Insulation  resistance 
was  sometimes  measured  with  an  ordinary  galvanometer 
and  a  few  cells  of  battery.  A  little  over  25  years  ago 
the  idea  of  making  breakdown  tests  by  applying  actual 
potentials  to  the  insulating  structures  began  to  be  con- 
S'dered.  The  eariv  use  of  this  tost  resulte<i  in  very  ra]iid 


•From  a  paper  before  the  Franklin  Instituter  March  8,  1917. 


FIG.    3 — WATTMETER    ASSLMl:Ll_li 

Showing  oil   container,   needle   support   and   bifilar   suspension. 

development  and  betterment  in  insidating  materials  for 
electrical  machinery.  In  this  early  work,  tests  of  a  few 
hundred  volts  were  used  for  a  given  service  voltage, 
where  now  the  standard  may  be  ten  times  as  much,  with 
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far  fewer  breakdowns.  There  was  no  information  avail- 
able as  to  what  constituted  a  proper  test,  and  in  many 
cases  if  apparatus  for  use  on  500  or  1000  volt  circuits 
stood  50  percent  more  it  was  considered  satisfactory.  At 
the  ]ieriod  in  which  the  writer  became  familiar  with  this 


FK;.    4 — ELECTUOSTATIC    NOLTMETEU 

class  of  work  there  were  no  high-tension  transniissioii 
lines,  no  voltages  available  for  such  testing  higher  than 
perhaps  two  or  three  thousand ;  there  was  no  literature 
on  the  subject,  and  there  was  no  co-operation  along 
these  lines  between  engineers  in  the  various  manufac- 
turing companies.  It  became  necessary,  therefore,  to 
develop  the  whole  art  of  dielectric  testing,  including  the 
apparatus  necessary  for  making  such  tests.  From  the 
beginning  of  a  high-voltage  testing  set  capable  of  giving 
a  maximum  of  6000  volts  by  small  steps  with  about  one 
k.v.a.  capacity,  we  now  have  testing  sets  capable  of 
giving  500  000  to  1  000  000  volts  with  a  k.v.a.  capacity 
of  500  or  more. 


FIG.    5-   TESTINX,     EI.ECTRllDEs      \ssrMllll'     l\      IWk 

Showing   cutlet    terminal    and   aiiangenicnt    lui    seeuimy 
prcssnre  on   the  test  samples. 

In  spite  of  the  standardization  of  the  dielectric 
strength  test,  its  general  adoption  and  national  and  even 
international  standardization,  it  leaves  much  to  be  de- 
sired. The  ultimate  value  of  an  insulation  or  an  insu- 
lated structure  cannot  be  measured  by  this  method  with- 
out its  destruction.    The  fact  that  an  armature,  for  ex- 


ample, stands  a  test  of  10  000  volts  gives  no  indication 
whatever  as  to  where  the  structure  may  break  down, 
and  gives  no  indication  of  the  condition  of  the  insulation 
except  that,  at  the  moment  of  the  test,  it  was  capable  of 
withstanding  this  applied  electrical  pressure. 

It  has  long  been  known  that  when  subject  to  an 
alternating  potential  a  loss  of  energy  takes  place  in  insu- 
lation. While  this  loss  is  probably  of  a  much  more  com- 
plicated nature  than  the  hysteresis  loss  in  steel  and  also 
much  more  difficult  of  measurement,  such  measurement 
may  be  made  to  serve'  a  useful  purpose.     Numerous  at- 


OI;SERV,\TIOX    DESK 

Showing    teleseopes    and    static    ammeter    with    oil    tank,    test 
sample   tank -and   instrnments   in   backgromul. 

tempts  have  been  made  to  use  this  characteristic  in  the 
evaluation  of  insulating  materials  for  general  use.t  All 
measurements  of  this  class  are  fraught  with  many  diffi- 
culties, regardless  of  the  method  and  apparatus  used. 
These  difficulties  may  perhaps  be  appreciated  when  it  is 
stated  that  not  infrequently  measurements  must  be  made 
i>f  a  total  value  of  less  than  ten  watts  at  voltages  of 

fA  paper  on  this  subject  was  presented  before  the  annual 
meeting  of  the  American  Institute  of  Electrical  Engineers  in 
1902  by  the  author,  based  on  data  obtained  in  several  series  of 
tests  carried  out  with  the  able  assistance  of  Messrs.  Miles 
Walker  and  Percy  H.  Thomas.  Among  the  tests  described  were 
several  series  of  loss  measurements  on  materials  and  on  com- 
pleted apparatus,  obtained  by  means  of  a  quadrant  electro- 
meter adapted  for  use  as  a  wattmeter.  In  connection  with  this 
paper,  another  paper  by  Mr.  Miles  Walker  gave  a  detailed  de- 
scription of  the  wattmeter  used  and  the  theory  involved  in 
its  construction  and  calibration.  This  paper  was  followed  by 
a  classic  paper  by  Mr.  Rayner,  of  the  National  Physical 
Laboratory,  before  the  British  Institution  of  Electrical  En- 
gineers, in  1912,  Mr.  Rayner's  measurements  also  being  made 
with  a  quadrant  electrometer  wattmeter.  Other  workers, 
notably  Messrs.  Minton.  Shanklin,  Thomas,  Butman  and 
others,  have  given  valuable  contributions  to  this  subject  by 
the  use  of  the  cathode  ray  wattmeter,  the  electro-dynamo- 
meter wattmeter,  and  the  Wien  bridge. 
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25  000,  50  000  or  even   100  000,  and  at  a  power-factor 
sometimes  less  than  five  percent. 

After  using  a  variety  of  methods  the  quadrant  elec- 
trometer wattmeter  has  at  last  been  adopted  as  the  most 
convenient  and  satisfactory  instrument  devised  to  date.' 
This  instrument  £;ives  verv  satisfactory  results,  and  ud- 


^ 


X. — 

FIG.    7— CONNECTION    DI.\GR.\M 

OF    ELECTROMETER 

WATTMETER 

wards  of  1000  curves  involving  variation  in  voltage,  in 
temperature,  in  treatment  of  materials,  etc.,  have  been 
taken  during  the  last  year  or  two. 

For  these  measurements  it  is  necessary  to  have,  in 
addition  to  the  wattmeter,  suitable  means  of  measuring 
voltages  up  to  the  maximum  to  be  used  on  the  test  sam- 
ple, and  also  means  of  measuring  the  current  in  this 
high-tension  circuit.  For  this  particular  work  an  electro- 
static voltmeter  was  used.  An  electrostatic  ammeter 
was  adapted  from  a  Kelvin  multicellular  static  volt- 
meter. In  the  testing  of  sheet  material  it  was  also  nec- 
essary to  devise  suitable  electrodes  for  holding  the  speci- 
mens of  sheet  insulation  so  that  a  uniform  field  would 
be  produced  in  that  part  under  measurement.  The  ma- 
jority of  the  tests  have  been  made  with  materials  under 
oils,  as  we  were  primarily  interested  in  the  use  of  these 
materials  under  oil,  particularly  in  connection  with  their 
application  to  high-vohage  transformers.  In  many  casos 
measurement  in  air  is  diflficult,  if  not  impossible,  on  ac- 
count of  the  formation  of  corona  at  the  higher  voltage.^, 
which  very  largely  vitiates  the  result.  In  Fig.  i  is  given 
the  diagram  of  connections  of  the  apparatus  as  used  for 
these  tests. 

WATTMETER 

The  wattmeter  is  a  Kelvin  quadrant  electrometer 
adapted  for  use  as  a  wattmeter,  and  is  simply  a  refine- 
ment and  enlargement  of  the  instrument  used  15  years 
ago  for  the  same  purpose.  The  quadrants  are  mounted 
so  that  the  distance  between  them  may  be  varied  from 
one-quarter  inch  to  thirteen-sixteenth  inch.  \\'\Xh   one- 


FIG.   8 — SCHEMATIC    AND    VECTOR    DIAGRAM    OF   TEST    CONNECTIONS 

quarter-inch  setting  it  was  found  entirely  feasible  to  use 
a  voltage  of  10  000  between  the  wattmeter  quadrants, 
which  was  considerably  higher  than  was  found  neces- 
sary in  the  testing  of  specimens  of  insulation. 

The  needle  is  made  of  1/32  inch  sheet  aluminum, 
surrounded  on  the  edge  by  one-quarter-inch  aluminum 


rod  to  prevent  corona  disturbances.  It  is  weighted  at 
the  center  to  hold  it  in  the  center  position  against  the 
electrostatic  forces  which  tend  to  pull  it  aside  when  a 
high  potential  is  ap])lied.  With  this  construction,  70  000 
volts  may  be  applied  between  the  needle  and  quadrants 
without  pulling  the  needle  aside  from  the  center  position. 
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FIG.   9 — niELECTRIC    LOSSES    IN    DRY    OIL-SATURATEI)    FLLLEKDOARD 

Sheet  No.    59,  24  by  24  by  0.125  inches.    This  sheet  was  dried 

and  saUiratcd  with  oil  by  the  vacuum-pressure  method. 

It  tluii  stood  ten  days  in  air  in  the  laboratory 

bcl'oro   lieiiig  tested   under  oil. 

A  glass  tube  serves  as  an  axis  for  the  needle,  and  on 
this  tube  is  mounted  the  mirror  used  for  observing  de- 
flection. 

The  suspension  is  bifilar  in  type,  consisting  of  two 
0.01  inch  diameter  annealed  phosphor  bronze  wires  two 
feet  long  and  one  inch  apart.  The  suspension  has  be.ri 
quite  satisfactory,  holding  its  zero  position  very  well. 
The  whole  instrument,  excepting  the  suspension,  is  im- 
mersed in  a  tub  of  transformer  oil.  This  serves  to  insti- 
late  the  various  parts  as  well  as  to  damp  the  motion  of 
the  needle. 

VOLTMETER 

The  voltmeter  is  shown  diagrammatically  in  Fig.  4, 
and  consists  of  a  stationary  vane,  three  by  five  inches, 
made  of  brass,  with  a  moving  vane  of  aluminimT,  three 
by  three  inches.  The  moving  element  is  supported  on 
knife-edges  and  carries  a  mirror.  The  whole  is  placed 
in  a  metal  box  to  protect  the  meter  from  stray  electro- 
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FIG.    10 — DIELECTRIC   LOSSES    IN   PRY   OIL-SATURATED    FULLERBOARD 

Sheet  No.  64,  24  by  24  by  0.125  inches.     This  sheet  was  tested 

in  oil  immediately  after  being  dried  and  saturated  with 

oil  by  the  vacuum-pressure  method. 

Static  fields,  which  also  serves  as  the  low-tension   (or 
grounded)  terminal.     The  high-tension  lead  is  brought 
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in  at  the  top  through  a  suitable  high-voltage  porcelaia 
bushing  which  extends  down  into  the  oil,  leaving  no  live 
parts  exposed  inside  the  case.  The  voltmeter  box  is 
supported  on  porcelain  insulators,  this  arrangement 
allowing  the  metal  box  to  be  connected  to  the  low- 
tension  side  of  the  load  under  test,  which  mav  be  as 


Th.e  low  potential  or  grounded  electrode  consists  of  a 
heavy  circular  casting  surrounded  by  a  carefully  finished 
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FIG.    II — niELECTRIC  LOSSES   IN    MICARTA   AT  6o  CYCLES 

Sheet  No.  30,  37  1iy  37  by  0.127  inches. 
Sheet  No.  44,  37  liy  37  1>>-  0.132  inches. 

much  as  2000  volts  above  ground  potential.  Both  the 
voltmeter  and  wattmeter  are  read  by  means  of  tele- 
scopes and  illuminated  scales. 

AMMETER 

The  ammeter  consists  of  a  multicellular  electrostatic 
voltmeter  with  an  adjustable  shunt,  so  that  different 
values  of  resistance  can  readily  be  inserted  without 
opening  the  circuit. 

ELECTRODES    AND    OIL    TANKS 

The  construction  of  the  electrodes  was  shown  dia- 
grammatically  in  Fig.  1.     The  lower  electrode  consists 
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FIG.    13— DIELECTRIC    LOSSES    IN    MICARTA    SHEET    NO.    Jf) 

Plotted  on  logarithmic  paper. 

guard  ring,  this  serving  to  prevent  stray  fields  and  t,i 
keep  the  field  uniform  in  that  portion  of  the  material 
under  test. 

The  diameter  of  the  low-tension  electrode  is  14.05 
inches  and  the  inside  diameter  of  the  guard  ring  14..^ 
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FIG.    14 — DIELECTRIC   LOSSES    IX 
MICARTA    SHEET   NO.   44 

Plotted  on  logarithmic  paper. 


of  a  thin  sheet  of  steel  with  brass   tubing  completely 
surrounding  it  to  form  a  round  edge,  this  being  sup- 
ported on  suitable  insulators  in  the  containing  tank  and     inches,  leaving  a  space  of  one-eighth  inch  between  the 
serving  as  the  high  potential  or  ungrounded  electrode,     electrode  and  guard  ring.     The  contact  surface  of  the 
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low-tension  electrode  is  1000  square  centimeters  and  the 
contact  surface  of  the  guard  ring  approximately  500 
square  centimeters.    A  resistance  is  inserted  in  the  con- 
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nection  of  the  guard  ring  to  ground  such  that  the  poten- 
tials of  the  ring  and  the  low-tension  electrode  are  the 
same,  and  therefore  corona  is  practically  eliminated 
from  the  part  of  the  sample  under  measurement. 
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to  transfer  the  oil  to  or  from  the  specimen  tank.  In  the 
storage  tank  are  placed  electric  heaters  with  sufficient 
capacity  to  heat  the  oil  to  any  temperature  up  to  130 
degrees  C. 


.00 

/ 

-,so 

/ 

/ 

f°° 

// 

-- 

- 

-  -JS  Cyttai 

1 

i 

r 

/ 

ijoo 

l/l 

/ 

li 

4^/ 

/ 

i 

S-1!0 

If 

f 

A 

) 

4' 

/ 

—  100 

l 

' 

/ 

^ 

/ 

/ 

y 

'y 

/ 

} 

f 

y 

/ 

^ 

y 

i^ 

( 

/ 

y 

^ 

r-fl 

^^t:^H 

0 

^ 

=£ii 

*^ 

jg^ 

=^ 

S=^ 

'^^> 

r^ 

'f 

' 

Kiiojoln 

T 

1 

60 

FIG.    17 — DIELECTRIC    LOSSES    IN    SIX    44  000    VOLT,    CONIIENSER-TYPE 
BUSHINGS   IN   PARALLEL 

Normal  operating  voltage,  25  000 

By  means  of  a  lever  arm  and  weights,  provision  is 
made  for  applying  any  desired  pressure  up  to  ten  pounds 
per  square  inch  on  the  specimen  under  test.  It  was 
found  that  this  pressure,  applied  before  the  admission 
of  the  oil  to  the  specimen  tank,  satisfactorily  kept  the 
oil  from  the  specimen  under  test.  As  most  of  the  tests 
desired  were  on  oil-soaked  material,  a  certain  amount  of 


^. 

^ 

-000} 

^ 

^^__J 

jcj2 

i^ 

/' 

E 
-0.001 

, ' 

y 

, 

»_2 

Cyd. 

'-*- 

io       30          .0          i 

t — s 

0 5 

o'         6         90        1 
>  Cendfradel 

FIG.    16 — EFFECT   OF    REPEATF.D    CYCLES    OF   llAKING    AND   DRYING 

B — baking  process  ;   V — vacuum-drying  process  ;  A — ageing  in 
air;  numbers  refer  to  days  aged. 

The  specimen    tank  contains  125  gallons  of  oil,  and 
is  connected  to  a  storage  tank,  with  the  necessary  pumjj      where 

'  T  —  Torque  on  needle. 

K\  =^  Constant  of  the  Instrument 


FIG.    18 — CHARGING    CURRENT    IN     SIX    44  000    VOLT,    CONDENSpR- 
TYPE  BUSHINGS 

Stressed  at  25  000  volts. 

admission   of   oil,   however,   was  not  considered  detri- 
mental. 

THEORY   OF    W.A.TTMETi;R 

The  fundamental  equation  for  the  quadrant  electrometer, 
as  stated  and  proved  by  Clerk  Maxwell.*  is:  — 
,                 A   -f  i3. 
T  =  ill    (A  B)  I    G j 


'  "Treatise  on  Electricity  and  Magnetism,"  vol.  I,  sec.  219. 
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A,B  ^  Absolute  potentials  of  the  two  pairs  of  quadrants. 
G  =  Absolute  potential  of  the  needle. 

The  deflection  of  the  instrument  is  seen  to  be  proportional 
to  the  product  of  two  voltages. — the  voltage  between  the  pairs 
of  quadrants,  and  the  voltage  between  the  needle  and  the  mid- 
potential  of  the  quadrants.  When  used  on  alternating  current 
the  phase  relations  of  these  two  voltages  is  also  a  factor  in 
determining  the  deflection,  since  two  voltages  which  are  90 
degrees  apart  can  produce  no  torque  in  an  electrostatic  in- 
strument of  this  kind. 

Fig.  7  gives  a  diagram  of  the  connections  necessary  for 
the  use  of  an  electrometer  as  a  wattmeter.  A,  B.  G  are  the  po- 
tentials of  the  respective  parts  ot  the  electrometer.  E  is  the 
voltage  across  the  load,  and  I  the  current,  r  is  a  non-inductive 
resistance,  called  the  wattmeter  resistance  or  potential  di- 
vider, used  to  produce  a  difference  of  potential  across  the 
quadrants  which  is  proportional  to  and  in  phase  with  the  cur- 
rent /. 

Proof  That  Wattmeter  Indicates  Watts,  (100  Percent 
Power-Factor)— Assuraing  the  deflection  d  is  proportional  to 
the  torque  on  the  needle,  which  is  true  for  the  small  deflec- 
tions used,  from  Maxwell's  equation:  — 

--K2(A  —  B)   I  C ^ j 


d: 


.(1) 


Here  Ki  is  a  new  constant.  If  the  load  is  a  resistance  only, 
the  drop  across  the  quadrants   {/;=  A  —  B)  is  in  phase  with 
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FIG.    19 — INSULATION    RESISTANCE   OF   SIX  44  GOO  VOLT,   CONDENSER- 
TVPE   BUSHINGS 

E,  the  voltage  across  the  load.  Now  as  B  is  earthed,  its  poten- 
tial is  zero;  A,  therefore,  has  a  potential  of  //•  volts,  and  G  of 
(Ir -\- E)   volts.  The  above  formula  becomes:  — 

d  =  K>  (Ir)(    lr-\-E \ (2) 


-Kir 


(  ^^+-t) 


.(3) 


Thus  it  is  seen  that  the  deflection  is  proportional  to  the 
sum  of  the  watts  consumed  by  the  load  plus  half  the  /-y  loss 
of  the  wattmeter  resistance.  Should  B  be  at  some  potential 
{say  X)  above  earth,  and  not  zero,  as  in  the  figure,  the  con- 
ditions would  not  be  changed. 

Proof  of  Wattmeter  on  Any  Poioer-Factor — Fig.  8  gives  a 
sketch  of  the  circuit  ordinarily  met  with  in  insulation  testing, 
together  with  the  vector  diagram.  Ri_  and  Xl  represent  the 
theoretical  resistance  and  capacity  of  the  insulation  load, 
which  has  a  power-factor  of  cos  0.  E  is  the  potential  drop 
across  the  load,  and  I  the  current,  r  is  the  wattmeter  re- 
sistance, described  above.  The  other  letters,  A,  B.  C.  D  and 
F.  refer  to  the  potentials  of  those  parts  of  the  circuit  which 
they  represent,  and  correspond  to  the  small  letters  n.  b.  c.  d 
and  /  in  the  vector  diagram,  ac  is  the  voltage  across  the 
load,  be  the  voltage  of  the  source,  ba  the  voltage  across 
quadrants,  and  cd  the  voltage  from  the  needle  to  the  middle 
point  of  the  quadrant  voltage.  From  Maxwell's  fundamental 
equation,  the  deflection  is  proportional  to  the  product  of  the 


voltage  between  quadrants  ab  and  the  voltage  from  the  needle 
to  the  middle  point  of  the  quadrants  cd.  or 

Deflection  =  E^y^ab  x  cd (4) 

ab  and   rd  being  vector  quantities. 
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FIG.    20 — DIELECTRIC    LOSSES    IN    SIX    44  COO    VOLT,    CONDENSER- 
TYPE   BUSHINGS 

From  the  vector  diagram  in  Fig.  10  this  becomes,  in 
scalar  quantities:  — 

Deflection  =  A"2  y^^ab  y^cd  cos  <^ 

=  ff2  X  "6  X  (accos  Q^da) 

Ir. 
—  K2lrt  E  cose-\-  —) 

=  K2r    /  i;/  cos  e  +  —  j (5) 

Thus  it  is  seen  that  the  wattmeter  records  watts  for  a  con- 
denser load  (such  as  is  common  when  insulating  materials 
are  tested).     The  proof  for  a  reactance  load  is  similar. 

RESULTS   OF   TESTS 

Data  for  many  hundred  watt  loss  curves  have  been 
taken  with  the  apparatus  described,  an  average  of  five 
points  being  taken  for  each  curve.  While  the  setting  up, 
calibration  and  operation  of  these  devices  require  ex- 
treme care,  when  once  adjusted  measurements  can  be 
made  quite  rapidly  and  with  a  degree  of  accuracy  suf- 
ficient for  all  practical  purposes.  In  adjusting  for  tem- 
perature considerable  time  is  naturally  consumed.  It 
was  considered  that  the  temperature  of  the  sample  had 
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reached  a  constant  value  when  the  insulation  resistance 
became  constant.  Insulation-resistance  readings  were 
usually  made  on  samples,  as  well  as  loss  and  power- 
factor  readings,  these  insulation-resistance  meaure- 
nients  being  made  with  direct  ctirrent  up  to  10  000  volts. 
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The  following  curves  give  specific  examples  of  the 
results  obtained.  These  curves  should  not,  however,  be 
taken  as  representative  of  the  various  classes  of  ma- 
terials, due  to  the  fact  that  samples  of  the  same  material 
often  show  as  much  variation  as  different  kinds  of  ma- 
terials and,  as  will  be  shown,  the  results  are  profoundly 
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FIG.    22 — LOGARITHMIC     PLOT    OF    DATA    GIVEN    L\    FIG.     I7 

influenced  by  various  kinds  of  treatment.  This  study 
has  been  of  very  great  value  in  various  manufacturing 
processes  in  pointing  out  the  kind  and  duration  of  treat- 
ment necessary  to  put  various  materials  into  the  best 
condition  for  use,  but  in  order  to  draw  satisfactory  con- 
clusions from  any  sample  or  set  of  samples  it  is  neces- 
sary to  know  something  of  their  mode  of  preparation, 
previous  treatment,  etc.  In  general,  it  may  be  said  that 
the  lower  the  losses  and  power-factor  and  the  higher  the 
insulation  resistance  the  better  the  quality  of  the  insula- 
tion. As  a  rule,  low  specific  inductive  capacity  is  desir- 
able, but  not  for  all  uses. 

SHEET    MATERIAL,   SUCH   AS   FULLERBOARD,    MICARTA,   ETC. 

One  of  the  most  commonly  used  materials  for  elec- 
trical insulation  is  known  as  fullerboard  or  pressboard. 
This  material  is  largely  used,  especially  in  large,  high- 
voltage  transformers,  for  the  main  insulation.  In  some 
cases  this  fullerboard  is  treated  with  a  varnish  or  a  dry- 
ing oil,  and  in  other  cases  it  is  merely  thoroughly  dried 


and  impregnated  with  the  oil  in  which  the  transformer 
is  immersed. 

In  Figs  9  and  10  are  given  curves  for  two  samples 
of  the  same  material,  showing  that  there  is  a  very  wide 
difference  in  the  values  of  the  watts  loss  and  power- 
factor  of  the  two  samples,  particularly  at  a  temperature 
of  100  degrees  C.  The  only  known  difference  between 
the  two  samples  was  that  the  sam])le  in  Fig.  9  was  ex- 
posed to  ordinary  atmospheric  infiucnccs  for  a  period 
of  ten  days  after  being  vacuum-dried  and  oil-saturated. 
Although  it  is  oil-soaked,  this  sheet  had  undoubtedly 
absorbed  a  small  amount  of  moisture  which  affected  it.i 
insulation  resistance  at  high  temperatures,  as  well  as  its 
other  characteristics.  Dielectric  tests  made  on  these 
materials  in  the  ordinary  manner  would  show  little  or 
no  difference  in  quality.  Even  the  poorer  results  are 
very  satisfactory,  as  the  losses  are  extremely  small  and 
the  power-factor  relatively  low. 

In  Fig.  11  are  given  the  relation  of  watts  per  cubic 
centimeter  to  kilovolts  per  centimeter  on  two  samples  of 
ni'carta  sheet  which  were  purposely  taken  in  very  dif- 
ferent condition  as  regards  their  previous  preparation. 
Sheet  39  was  only  partially  processed,  and  its  losses  are 
excessive.  The  same  sheet  was  again  tested,  after  thor- 
oughly drying,  as  indicated  by  the  broken  curve  at  the 
lower  part  of  the  figure,  and  a  very  decided  ini]MX)vc- 
ment  in  the  material  is  shown. 

In  Fig.  12  are  shown  the  i^ower-factor  relations  for 
the  same  sample  as  shown  in  Fig.  11.  In  the  uncurcd 
condition  the  power-factor  of  this  material  reach'.-s 
almost  100  percent  at  the  higher  temperatures.  The 
power-factor  is  considered  relatively  high  even  for  the 
better  samples  and,  as  has  been  shown  in  other  tests, 
this  can  be  greatly  reduced  by  [iroper  processing. 
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CONDENSER   BUSHINGS 

The  same  data  given  on  Figs.  11  and  12  are  repeated 

on  Figs.  13  and  14,  plotted  to  logarithmic  scale.     It  is 

particularly  evident  on  these  logarithmic  scales  that  the 

slope  of  the  watt  voltage  curve  increases  with  temper-i- 

ture.    The  straight  part  of  this  curve  may  be  expressed 

by  the  formula, — 

W  =  KE^ 
where 

W  —  Watts. 
E  =:  Kilovolts. 

£■  =:  A  constant  for  a  given  temperature  and  frequency. 
n  =  An  exponent  indicating  the  slope  of  the  curve  on 
the  logarithmic  plot. 
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The  point  where  the  watt  loss  curve  departs  from 
the  straight  hne  (Fig.  13 — 53  degrees  test)  indicates 
some  change  in  the  material  which  foretells  breakdown 
if  the  stress  is  continued  at  this  value.  The  voltage  was 
applied  in  this  case  for  only  a  few  seconds,  and  the  watt- 


Fh,.    _'4       4(X1    K,\    A  ,   50   LVn.l  ,  (.000   Vdl.T,    SYNCHRONOUS 
CONDENSER    STATOR 

On  insulating  base  ready  lor  test. 

meter  deflection  showed  that  the  actual  watt  loss  was 
increasing  rapidly  due  to  this  application.  The  subse- 
quent measurements  on  this  sheet  at  higher  tempera- 
tures were  made  at  lower  voltages.  This  critical  point 
is  most  readily  determined  by  plotting  to  logarithmic 
co-ordinates. 
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16.  h\  a  general  way  this  plot  can  be  taken  as  charac- 
teristic, particularly  for  sheet  insulation  treated  or  filled 
with  varnish,  and  shows  that  such  losses  can  be  very 
greatly  decreased  by  proper  treatment.  While  insula- 
tion-resistance measurements  were  not  taken,  it  is  prob- 
able that  the  effect  of  the  treatment  has  been  much 
greater  numerically  on  the  insulation  resistance  than  it 


FIG.    25— DIELECTRIC    LOSSES    l.X     SV.VL-Hi.ONOLS    CO.VDENSER    ST.\TOR 

The   normal    frequency    for   ihc   machine,   50   cycle,   was 
not  convenient   fur  the  tests. 

In  Fig.  15  are  given  the  results  of  tests  on  a  num- 
ber of  samples  of  micarta.  When  plotted  to  logarithnnc 
scale,  the  upward  bend  at  the  upper  end  of  some  of  the 
curves  indicates  in  those  cases  that  the  material  was 
approaching  very  closely  to  its  breakdown  value. 

The  variation  in  dielectric  loss  of  sheet  insulation 
when  subjected  to  various  treatments  is  shown  in  Fig. 


FIG.    26 — l.\CRE.\SE    WITH    TEM  PER.XTURE    IN    IHELECTRIC    LOSSES    OF 
400    K.VA.    SY-NCHRONOl'S    CONDENSER 

has  been  on  the  dielectric  loss,  particularly  at  high  tem- 
peratures. .Attention  should  be  called  to  the  fact,  how- 
ever, that  at  ordinary  temperatures  the  dielectric  loss  is  a 
far  better  indication  of  the  quality  of  the  material  than 
the  insulation  resistance. 

CONDENSER    BUSHIXGS 

The  condenser  bushing  consists  essentially  of  con- 
centric tubes  of  micarta,  with  intervening  tubes  of  con- 
ducting material,  the  length,  diameter  and  thickness  of 
the  tubes  being  so  adjusted  that  the  electrostatic  capacity 
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FIG.    r] — CHARGING   CfRRENT    IN    4OO    K.V.A.    SYNCHRONOUS 
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of  the  successive  layers  is  equal.  On  account  of  the 
very  low  dielectric  losses  and  power-factors  of  this  con- 
denser bushing  at  normal  operating  voltage,  test  was 
made  by  measuring  six  bushings  in  parallel  to  secure 
more  measurable  quantities.  By  measuring  five  bush- 
ings in  parallel  and  coinparing  results  it  was  found  that 
the  loss  is  practically  equal  in  all  the  bushings. 
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In  Fig.  17  are  given  the  results  of  tests  on  six 
44  000  volt  condenser  type  bushings.  The  normal  oper- 
ating voltage  stress  to  ground  on  these  bushings  when 
applied  to  apparatus  on  a  44  000  volt  transmission  sys- 
tem is  approximately  25  000,  and  the  maximum  tem- 
perature which  they  will  likely  reach  in  service,  due  to 
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conduction  of  heat  from  other  parts  of  the  apparatus, 
will  not  be  over  75  degrees  C.  It  will  be  seen,  therefore, 
than  even  at  60  cycles  the  watts  per  bushing  in  normal 
operation  will  be  certainly  not  over  ten,  and  at  25  cycles 
not  over  three  or  four  watts.  It  is  interesting  to  note 
that  the  watt  loss  at  temperatures  below  75  degrees 
varies  practically  as  the  frequency,  and  that  the  increase 
in  loss  is  very  rapid  at  100  degrees  C.  or  higher. 

In  Figs.  18  and  19  are  shown  other  characteristics 
of  the  same  set  of  bushings.  The  insulation  resistance 
in  Fig.  19  was  measured  at  10  000  volts  direct  current, 
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FIG.    29— INSULATION    RESISTANCE    OF    4OO    K.V.A. 
SYNCHRONOUS    CONDENSER 

and  resistance  is  plotted  to  logarithmic  scale.  The  insu- 
lation resistance  is  316  times  as  great  at  25  degrees  as  at 
75  degrees,  3160  times  as  great  at  25  degrees  as  at  100 
degrees,  and  about  100  000  times  as  great  at  25  degrees 
as  at  125  degrees.  This  change  of  insulation  resistance 
is  so  great  that  the  losses  due  to  actual  conduction  are 
much  greater  than  those  due  to  the  so-called  hysteresis 
or  dielectric  losses.     This  explains  the  reason  why  the 


losses  at  both  60  and  25  cycles  are  so  nearly  the  same  at 
125  degrees.  At  75  degrees,  or  maximum  possible  oper- 
ating temperature,  the  insulation  resistance  is  10  000 
megohms.  From  Figs.  20  and  21  it  is  again  evident  that 
the  critical  losses  begin  to  manifest  themselves  at  tem- 
peratures  between   80  and  90  degrees.      Fig.   22   is   a 
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FIG.    30 — DIELECTRIC    LOSSES    IN    TRANSFORMERS    DESCRIBED 
IN   TABLE    I 

At  60  cycles,  25  to  30  degrees  C. 

logarithmic  plot  of  the  curves  in  Fig.  17.  It  will  be 
noted  that  the  loss  at  25  cycles  is  increased  approxi- 
mately 15  times  by  raising  the  temperature  from  25  to 
100  degrees.  At  60  cycles  the  corresponding  change  is 
approximately  six  times. 

From  the  inspection  of  the  logarithmic  plot  of  the 
dielectric  losses  in  micarta  sheet  No.  39  (Fig.  13)  it  is 
seen  that  at  100  degrees  the  watts  curve  has  a  slope  of 
2.8  and  a  power-factor  of  nearly  unity,  while  at  29  de- 
gress the  slope  is  2.4  and  the  power-factor  is  much 
lower.  Since  at  the  higher  temperature  the  material 
more  nearly  resembles  a  conductor,  the  question  might 
properlv  be  asked.  "Why  does  not  the  slojjc  of  the  watts 
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FIG.    31 — DIELECTRIC   LOSSES    AT   6o  CYCLES    IN    TRANSFORMER   A 

The  vertical  line   indicates  the   normal  high-tension  operating 

voltage  of  the  transformer.     Attention  is   called  to  the 

increased  slope  of  the  power-factor  curve  at 

the  higher  temperatures. 

curve  approach  2.0  as  the  power-factor  approaches  unity 
with  the  increasing  temperature,  since  the  losses  in  con- 
ductors vary  with  the  square  of  the  voltage?" 

The  explanation  is  that  the  material  is  by  no  means 
a  perfect  conductor,  even  though  the  power-factor  is 
nearly  unity.    It  is  well  known  that  in  many  insulating 
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materials  the  ohmic  resistance  decreases  as  the  im- 
pressed voltage  used  in  measuring  this  resistance  in- 
creases. In  Fig.  23  are  recorded  measurements  on  two 
materials  which  are  somewhat  different  in  character ;  in 
one  case  (micarta  sheet  No.  62)  the  insulation  resistance 
decreases  with  increased  voltage  used  in  its  measure- 


FIG,    32 — DIELECTRIC    LOSS    .M   6o   CYCLES    IN    TRANSFORMER    E 

ment,  and  in  the  other  case  (a  condenser  bushing)  the 
insulation  resistance  remains  practically  constant  as  the 
measuring  voltage  is  increased.  The  condenser  bushing 
values  are  for  a  single  bushing  derived  from  the  test  on 
six  bushings  in  parallel  before  referred  to.  In  both  cases 
the  power-factors  are  relatively  high,  this  being  a  condi- 
tion found  at  the  higher  temperatures  at  which  both  sets 
of  measurements  were  made ;  and,  furthermore,  it  will 
be  seen  that  in  the  case  of  the  condenser  bushing  the 
power-factor  remains  practically  constant  with  varying 
voltage,  as  well  as  the  insulation  resistance,  while  with 
the  micarta  sheet  the  power-factor  increases  with   in- 


been  found  possible  to  carry  the  treatment  of  this  ma- 
terial to  a  point  where  the  insulation  resistance  and  the 
power- factor  will  remain  constant  with  varying  voltage. 
Particular  attention  is  called  to  the  fact  that  the  sheet 
material  in  this  curve  is  not  in  proper  condition  with 
regard  to  processing,  and  the  condenser  bushing  meas- 


FIG.   33 — DIELECTRIC    LOSS    AT    2$    CYCLES    IN    TRANSFORMER    E 

creased  voltage  in  about  the  same  proportion  as  the  insu- 
lation resistance  decreases  with  increased  voltage.  This 
relation  between  insulation  resistance  and  power-factor 
appears  to  hold  only  for  power-factors  of  more  than 
fifteen  or  twenty  percent.  For  materials  having  a  lower 
power-factor  no  such  relation  has  been  noticed.  Micarta 
sheet  No.  62  was  chosen  from  one  of  the  varieties  which 
requires  considerable  processing  in  its  manufacture,  and 
the  tests  were  made  before  this  final  processing.     It  has 
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FIG.    34 — INSULATION   POWER-FACTOR   AT  6o   CYCLES    IN 
TRANSFORMER    E 

uremcnts  are  at  a  temperature  which  would  never    exist 
in  practice. 

SYNCHRONOUS  CONDENSER  STATOR 

A  synchronous  condenser  stator  of  400  k.v.a  ca- 
pacity, 50  cyles,  6000  volts,  shown  in  Fig.  24,  was  meas- 
ured and  the  results  given  in  curves  Figs.  25  to  29.  It 
was  found  necessary  to  heat  the  winding  by  passing  cur- 
rent through  it,  and  when  a  temperature  of  approxi- 
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FIG.    35 — INSULATION    POWER-FACTOR   AT   25   CYCLES   IN 
TRANSFORMER    E 

mately  70  degrees  C.  was  reached  the  heating  was  dis- 
continued and  the  measurements  started.  Measurements 
of  loss  and  power-factor  were  made  at  atmospheric  tem- 
perature before  heating,  as  shown  on  Figs.  26  and  28. 
The  temperature  was  measured  both  by  thermometers 
and  bv  the  variation  in  the  resistance  of  the  winding  and 
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temperatures  recorded  are  the  averages  of  the  tempera- 
tures measured.  These  temperatures  are  probably  cor- 
rect within  two  to  five  degrees.  Loss  tests  were  made 
with  all  windings  connected  in  parallel  and  with  the 
stress  applied  between  the  winding  and  the  iron  core. 
During  normal  operation  of  the  machine  the  actual 
losses  will  be  not  over  one-third  of  the  losses  measured 
with  the  normal  operating  voltage  applied  to  the  insula- 
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FIG.   36 — V.\1U.\TI0N     WITH     TEMPER.\TURE    OF    INSUI..\TION     I'OWER- 
K.\CTOR  IN  TRANSFORMER  E 

tion,  since  in  normal  operation  the  terminal  ends  of  the 
winding  only  are  subjected  to  this  higher  stress.  At 
6000  volts  the  measured  loss  is  about  0.007  watt  per 
cubic  centimeter  at  15  degrees  C,  60  cycles,  and  about 
0.0315  watt  per  cubic  centimeter  at  71  degrees,  60  cycles 
but,  as  above  indicated,  the  average  under  actual  oper- 
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under  the  same  conditions  which  prevail  when  dielectric 
tests  are  made  on  these  devices.  The  variation  in  tem- 
perature was  obtained  in  each  case  by  loading  the  trans- 
former as  under  normal  conditions  of  test  and  determin- 
ing the  temperatures  by  thermometers  and  by  the  varia- 
tion in  the  resistance  of  the  winding.     Loss  measure- 


F'G.    37 — VARIATION       WITH    TEMPER.\TURE    OF    DIELECTRIC    LOSS    IN 
TRANSFORMER  E 

ating  conditions   would  be  not  over   one-third  of   the 
above  amounts. 

TR.'VNSFORMERS 

An  extremely  interesting  set  of  measurements  has 
been  made  on  a  number  of  transformers.  In  all  cases 
the  measurements  were  made  from  the  high-tension  to 
the  low-tension  winding  and  core  connected  together,  or 
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FIG.    38 — LOGARITHMIC    PLOT   OF   CURVES    IN    FIGS.    32   AND    33 

The  plotting  of  these  curves  to  the  logarithmic  scale  reduces 

them  to  straight  lines,  and  further  shows  that  in  no  case 

was  the  insulation  strained  to  a  point  near 

breakdown  during  the  test. 

ments  were  made  only  when  the  temperature  by  resist- 
ance showed  practically  agreement  with  the  tempera- 
tures taken  by  thermometers  in  the  oil.  Dielectric  tests 
on  the  oil  were  made  from  time  to  time  to  insure  that 
it  was  in  good  condition.  As  in  the  case  of  the  tests  on 
individual  samples  of  material,  it  is  fully  realized  th.nt 
these  tests  should  be  taken  as  indicative  of  the  ty])e  of 
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FIG.    39 — CURVES    PLOTTED    FROM    DATA    IN    FIG.    38 

Showing  the  variation  with  temperature  of  the  constants  in  the 
equation   W  =  KE'^,  where   IP'  equals  dielectric  loss  in 
watts;  £  equals  kilovolts  (effective  value)  ;  K 
and  II  are  constants  for  a  given  tem- 
perature and  frequency. 

variations  which  will  be  found  under  the  conditions  anJ 
hot  as  giving  precise  values  which  may  be  applied  to 
other  devices  of  the  same  kind.  Attention  is  also  espe- 
cially called  to  the  fact  that,  as  in  the  case  of  the  syn- 
chronous condenser  stator,  the  actual  losses  in  operatioi 
will  be  only  approximately  one-third  of  the  losses  indi- 
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cated  on  the  curves  at  normal  operating  voltage.  These 
losses  in  service  will  var\-  with  the  particular  connec- 
tions used  in  operation  and  alsn  with  the  condition  of  the 
insulation  as  indicated  by  the  equation  U'^  KE\ 

The  results  of  measurements  at  atmospheric  tem- 
perature on  five  transformers  are  given  in  Fig.  30.  In 
each  case  the  normal  operating  voltage  of  the  traas- 
fornier  is  indicated  by  the  plotted  point  on  the  curve. 
The  capacities  and  voltages  of  these  transformers,  all  of 
which  are  of  the  core  type,  are  given  in  Table  I. 

TABLE  I— TRANSFORMER  RATLXGS 


Volts 

Volts 

Transformer 

K.V.A. 

High 

Low- 

Frequcncv 

Tension 

Tension 

A 

160 

6  600 

44') 

60 

B 

100 

22  000 

2  400 

60 

C 

50 

13  000 

220 

tiO 

D 

25 

19  000 

440 

60 

E 

25 

33  000 

2  400 

25 

As  before  stated,  the  w^ork  which  has  been  described 
has  given  much  valuable  information  with  regard  to 
specific  problems  in  manufacturing  processes,  and  it  has 
also  shown  that  the  dielectric  loss  test  can  be  made  a 
very  valuable  adjunct  to  the  dielectric  strength  test  and 
the  insulation  resistance  test.  It  will  probably  never 
supersede  the  dielectric  strength  test  as  a  control  method 
in  manufacturing  operations,  and  it  is  doubtful  whether 
it  will  ever  be  used  as  a  criterion  by  the  purchaser  of 
electrical  ai>]iaratus  for  its  rejection  or  acceptance 

Attention  is  again  called  to  the  fact  that,  while  t!ie 
exact  figures  obtained  in  the  measurement  of  losses  have 
been  given,  these  can  hardly  be  taken  as  generally  rc])- 
resentative  of  the  classes  tested.  They  do,  however, 
show  the  type  of  results  and  the  forms  of  curves  which 
may  be  expected  from  such  measurements.  It  should 
also  be  remembered  that,  while  the  losses  in  some  ma- 
terials and  sometimes  in  samples  of  the  same  class  of 
materials   show    very   wide   variation,   the   actual    total 


losses  are  very  small  as  compared  with  the  iron  losses, 
copper  losses,  etc.,  in  the  same  class  of  apparatus,  and 
are  usually  negligible,  so  far  as  the  efficiency  of  the 
apparatus  is  concerned.  It  should  also  be  noted  that, 
even  though  the  losses  measured  on  some  materials  are 
many  times  those  on  others,  the  materials  with  the 
higher  losses  may  be  entirely  satisfactory  for  the  pur- 
poses for  which  they  are  used. 

The  results  would  indicate  that  materials  treated 
with  varnishes  and  other  compounds  requiring  drying 
or  curing  of  any  kind  show  markedly  higher  losses  than 
the  same  materials  saturated  with  fluid  insulators,  such 
as  transformer  oil.  While  the  whole  field  has  not  by 
any  means  been  covered,  we  believe  this  can  be  taken  as 
a  general  law. 

One  of  the  most  valuable  characteristics  of  this  test 
is  that,  by  its  means,  determinations  may  be  made  of 
the  condition  or  quality  of  an  insulating  material  or 
structure  which  would  not  stand  the  ordinary  dielectric 
strength  test  without  actually  breaking  the  insulation 
down  ;  and  then  by  further  treatment  this  same  material 
or  structure  may  be  put  into  satisfactory  condition.  This 
test  also  confirms  in  a  very  striking  way  the  well-known 
fact  that  the  insulation  of  electrical  apparatus  is  usually 
in  its  worst  possible  condition  when  apparatus  is  first  put 
into  service.  The  drying  out  due  to  service,  as  a  rule, 
restdts  in  much  better  conditioning  of  the  insulation  than 
can  be  obtained  during  the  manufacturing  process  with- 
out very  extensive  and  expensive  processing. 

In  conclusion,  it  should  be  said  that  a  more  general 
application  of  the  dielectric  loss  test  will  result  in  a  much 
better  knowledge  of  dielectrics  in  general,  and  the  time 
is  probably  not  far  distant  when  such  losses  will  regu- 
larly be  measm-ed  by  one  or  more  of  the  methods  which 
are  being  developed  in  the  laboratories  of  the  manufac- 
turers and  users  of  insulating  material.  By  the  use  of 
these  measurements,  engineers  will  be  enabled  to  figure 
their  dielectric  losses  just  as  they  now  figure  iron  and 
copper  losses,  and  they  may  have  as  definite  specifica- 
tions for  the  losses  of  insulating  materials  and  insulated 
structures  as  they  now  have  for  iron  and  copper  losses. 


E.  G.  Reed 


THE  evolution  of  the  transformer  began  with  the 
discovery  of  electromagnetic  induction  by  Fara- 
day and  Joseph  Hem-y.  Faraday  published  his 
discoveries  in  1831  and  Henry  announced  similar  and 
independent  results  during  the  following  year.  For 
some  time  each  of  these  men  was  unaware  of  the 
other's  investigations,  one  being  in  advance  in  cer- 
tain discoveries,  only  to  be  anticipated  by  the  other 
regarding  facts  equally  as  important.  Faraday's 
first  investigations  were  conducted  with  two  solen- 
oids, one  fitting  inside  the  other,  and  Henr3'"s  exper- 


iments were  carried  out  with  flat  spirals.  Faraday 
afterwards  used  a  solid  soft  iron  ring  upon  which  the 
primary  and  secondary  coils  were  wound.  All  of 
these  early  experiments  were  performed  with  an 
interrupted  current  from  a  battery,  current  being  de- 
livered by  the  secondary  coil  when  the  current  was 
established  or  broken  in  the  primary  circuit. 

In  Faraday's  ring  is  found  the  first  use  of  the 
closed  magnetic  circuit  of  iron.  In  the  subsequent 
development  of  the  transformer  the  closed  magnetic 
circuit   was  discontinued  to  appear  later  in  a  more 
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perfect  form.  Altliough  Faraday's  ring  had  many 
of  the  essential  features  of  the  modern  transformer, 
the  latter  cannot  be  thought  of  as  having  developed 
directly  from  this  ring.  Faraday  had  no  conception 
of  the  transformer  as  a  device  for  the  economic 
transmission  of  power  by  stepping  the  voltage  from 
a  low  to  a  higher  value.  As  a  matter  of  fact  this 
ring  transformer  had  a  ratio  of  approximately  one 
to  one.  He  had  no  conception  of  the  use  of  the  al- 
ternating current,  all  of  his  experiments  being  car- 
ried out  with  an  interrupted  current.'  The  primary 
and  secondary  windings  were  placed  on  opposite 
sides  of  the  iron  ring,  and  consequently  were  not  in 
close  magnetic  relation.  When  the  secondary  wind- 
ing was  carrying  current  there  would  be  an  enorm- 
ous magnetic  leakage  which  would  prevent  its  suc- 
cessful operation  as  a  transformer  in  the  modern 
sense.  Faraday  used  a  solid  iron  ring  which  would 
have  prevented  its  working  at  any  considerable  flux- 
density,  on  account  of  the  eddy  currents  which 
would  have  been  generated.  Thus  we  see  that  while 
this  ring  transformer  contains  many  of  the  essential 
points  of  the  modern  transformer,  the  combination 
was  accidental  and  the  various  elements  were  not 
put  together  with  the  direct  intent  of  making  a  de- 
vice for  the  transmission  and  distribution  of  power. 
The  immediate  development  of  the  transformer 
departed  from  Faraday's  ring  and  took  the  form  of 
the  induction  coil,  the  explanation  of  this  being  the 
fact  that  aside  from  the  scientific  aspect  of  the  laws 
of  electromagnetic  induction,  the  object  in  building 
this  apparatus  was  to  obtain  severe  shocks  or  long 
sparks  from  the  secondary  winding.  Professor  Page 
of  Washington  in  1838,  constructed  an  induction 
coil,  which  is  essentially  the  induction  coil  of  today. 
In  one  particular  the  development  of  the  trans- 
former had  retrograded  in  the  construction  of  the 
induction  coil,  i.  e.,  the  induction  coil  used  an  open 
magnetic  circuit  in  contrast  to  the  closed  ring  of 
Faraday's.  The  reason  for  the  open  magnetic  cir- 
cuit was  the  simpler  mechanical  construction  and 
the  greater  ease  in  insulating  the  secondary  or  high- 
tension  winding  from  the  other  parts  of  the  induc- 
tion coil.  It  is  thus  apparent  that  there  were  good 
reasons  for  not  using  the  closed  magnetic  circuit 
form.  At  the  same  time  there  was  nothing  to  be 
gained  as  far  as  the  operation  of  the  induction  coil 
was  concerned  in  having  a  closed  magnetic  circuit. 
There  was  no  necessity  for  keeping  a  low  magnetiz- 
ing current,  and  this  is  the  principal  advantage  of  a 
closed  magnetic  circuit.  The  closed  iron  circuit  re- 
sults in  a  magnetic  path  of  low  reluctance  and  con- 
sequently its  magnetization  requires  only  a  small 
number  of  ampere-turns. 

While  retrograding  in  respect  to  the  open  mag- 
netic circuit,  the  induction  coil  of  Page  contains  two 
distinctive  steps  towards  the  modern  construction. 
These  are  a  divided  magnetic  circuit  and  a  close 
magnetic  relation  of  primary  and   secondary   wind- 


ings. By  the  divided  magnetic  circuit  is  meant  that 
the  core  of  the  induction  coil  is  constructed  from  a 
bundle  of  iron  wires.  This  iron  circuit  permits  a 
higher  magnetic  induction  and  hence  a  greater  num- 
ber of  volts  per  turn  than  the  solid  iron  ring  of 
Faraday. 

In  1856  Varley  described  an  induction  coil  with 
a  closed  magnetic  circuit  consisting  of  a  bundle  of 
iron  wires  with  the  ends  bent  back  on  the  outside  of 
the  copper  coil.  A  construction  similar  to  this  was 
later  used  by  Ferranti. 

Up  until  about  1878  the  induction  coil  had  been 
used  only  for  the  production  of  sparks,  with  an  in- 
terrupted current,  and  as  yet  the  real  function  of  the 
transformer  for  the  distribution  of  electric  current 
had  not  become  apparent.  At  the  Paris  Exposition 
in  1878  Jablochkoff's  system  of  distribution  with  in- 
duction coils  in  series  was  in  operation  with  inter- 
rupted as  well  as  alternating  current.  This  was  the 
last  attempt  at  the  distribution  of  electrical  energy 
with  the  use  of  the  interrupted  current,  and  probably 
the  first  attempt  with  the  use  of 
alternating  current,  with  the  induc- 
tion coil  as  the  means  of  serving 
current  to  a  number  of  points  from 
one  supply  circuit.  Thus  a  number 
of  important  steps  had  been  intro- 
duced since  the  induction  coil  of 
l^age.  These  were  the  return  to  the 
closed  magnetic  circuit  by  Varley, 
the  use  of  the  alternating  current 
instead  of  the  interrupted  current 
and  the  conception  of  the  induction 
coil  as  a  means  of  serving  a  num- 
ber of  consumers  of  electric  cur- 
rent from  one  source  of  supply.  As  yet,  however,  the 
transformer  as  a  machine  for  the  economic  transmission 
of  power  by  means  of  electric  current  at  high  pressure 
had  not  been  suggested. 

The  next  step  in  the  development  of  the  trans- 
former was  the  application  of  this  principle,  that  is 
the  economic  transmission  of  power.  In  1882  Gaul- 
ard  and  Gibbs  patented  a  system  for  the  commercial 
operation  of  incandescent  lamps  from  transformers, 
and  exhibited  it  in  London  in  1883.  The  induction 
coil  type  of  transformer  connected  in  series  w.is 
used,  but  later  they  adopted  the  closed  magnetic  cir- 
cuit type  of  transformer  shown  in  Fig.  i.  The  im- 
portance of  Gaulard's  and  Gibbs'  work  lies  in  the 
early  construction  of  a  practical  transformer  and  the 
application  of  this  transformer  to  the  economic 
transmission  and  distribution  of  power.  The  weak- 
ness of  their  system,  and  of  all  of  the  series  systems 
used  up  to  this  time,  was  in  its  regulation.  In  this 
system  the  primary  windings  of  all  of  the  trans- 
formers are  connected  in  series,  in  which  case  the 
same  current  flows  through  the  primary  winding  of 
all  of  the  transformers  whether  or  not  all  of  the  sec- 
ondaries of  the  transformers  are  loaded.    If  all  of  the 


FIG.    I— GAULARD      AND 
GIBBS     TRANSFORMER 

Original  British  Pat- 
ents dated  in   1S82. 
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triinsformers  were  always  fully  loaded,  the  regu'a- 
tum  of  the  system  would  be  satisfactory,  but  when 
the  load  is  disconnected  from  one  transformer,  the 
primary  current  due  to  the  load  on  the  others  must 
still  flow  in  the  unloaded  transformer,  in  which  case 
it  acts  as  a  reactance  coil  and  absorbs  a  considerable 
amount  of  voltage  which  re- 
duces the  voltage  on  the  re- 
maining transformers  in  the 
circuit.  This  v.'as  the  fatal 
weakness  of  the  series  system 
and  it  remained  for  others  to 
reni<i\e  this  obstacle  to  the 
successful  transmission  and 
tlistribution  of  electrical  cur- 
rent by  means  of  the  trans- 
former. 

In  1883,  Kennedy  pointed 
out*  that  transformers  oper- 
ated in  parallel  rather  than  in 
series  would  be  self-regulat- 
ing. He  did  not  have  in  mind 
the  advantages  of  high  potential  transmission,  for  he 
considered  that  the  size  of  the  conductors  would  be  an 
objection  to  the  parallel  system.  With  the  primary 
and  secondary  potentials  practically  the  same  there 
would  be  no  advantage  over  Edison's  system  of 
operating  incandescent  lamps  in  parallel  with  direct 
current.  In  this  case  the  transformers  would  be 
superfluous.  At  'this  time  the  advantages  resulting 
from  the  transmission  of  current  at  high  pressure 
were  appreciated  as  well  as  the  fact  that  transform- 
ers when  operating  in  parallel  were  self-regulating. 
It  yet  remained  to  combine  these  two  concepts  id 
form  the  system  of  alternating-current  transmission 
and  distribution  which  is  now  general. 

The  parallel  system  of  constant  potential  high 
pressure  distribution  was  brought  out  in  this  coun- 
try in  'I'SSS  by  William  Stanley  under  the  patronage 
of  George  Westinghouse,  and  in  Europe  during  the 
same  year  by  Zipernowsky,  Deri  and  Blatley.  The 
latter  probably  anticipated  Stanley  by  a  few  months, 
but  Stanley's  system   was  immediately  put  into  e.x- 


;.    2 — SIANLEY    TRANS- 
FORMER 

As  built  in  1885. 


SHELL    TYPE  CORE    TYPE 

FIG.    3 — IPE.\L   TRANSFORMERS 

tensive  practice  bj'  the  Westinghouse  Company. 
This  must  be  considered  one  of  the  most  important 
factors  in  the  general  introduction  of  the  transform- 
er. From  1883  to  1885  Stanley,  experimented  witn 
the  converter,  as  the  transformer  was  then  com- 
monly known.     At  that  time  the  Westinghouse  Com- 


FIG.    4    —    BERRY 
TRANSFORMER 


'  In  tbe  Electrical  Review  for  June  9. 


pany  were  considering  the  Gaulard  and  Gibbs  sys- 
ten;  of  series  distribution.  Eventually  Stanley  be- 
came convinced  that  the  converter  operating  in  par- 
allel with  high  voltage  primary  was  the  proper  solu- 
tion of  the  problem,  and  that  the  Gaulard  and  Gibbs 
series  system  was  futile.  In  1885  Stanley 
went  to  Great  Barrington,  Mass.,  and 
after  constructing  a  transformer  of  the 
type  shown  in  Fig.  2,  operated  150  six- 
teen candle-power  lamps  at  a  distance  of 
half  a  mile,  the  primary  voltage  being 
500  volts. 

The  type  of  transformer  built  by 
Stanley  became  the  commercial  form 
used  by  the  Westinghouse  Company  for 
many  years.  It  was  characterized  by  its 
practicability  as  contrasted  to  the  types 
used  by  Zipernowsky,  Deri  and  Blatley. 
The  laminations  of  the  Stanley  transformer,  as  shown 
in  Fig.  2,  are  built  around  the  coil.  The  form  first  used 
by  Zipernowsky  consisted  of  the  windings  forming  a 
circular  ring  upon  which  is  wound  the  magnetic  circuit 
in  the  form  of  soft  iron  wire.  This  form  was  replaced 
by  one  consisting  of  the  magnetic  circuit  in  circular 
form  made  of  soft  iron  wire,  upon  which  the  windings 
are  formed.  Both  of  these  forms  were  essentially  im- 
practicable, since  one  element  must  be  wound  upon  the 
other  by  hand  labor.  These  designs  approach  very 
closely  to  what  may  be  called  the  "Ideal  Transformer," 
that  is,  the  design  in  which  the  mean  turn  of  both  iron 
and  copper  will  enclose  a  maximum  area  for  a  given 
amount  of  material.  This 
will  result  in  the  least 
amount  of  material  and 
lowest  cost  to  obtain  a 
given  performance.  The 
ideal  transforrner  as  shown 
in  Fig.  3  is  one  in  which 
either  the  iron  or  the  wind- 
ings is  formed  into  an 
angular  ring  and  the  other 
element  into  a  circular 
form  about  this  ring,  com- 
pletely filling  its  opening. 
Further  considerations  beyond  that  of  the  materials, 
such  as  hand  labor  and  the  requirements  of  ventilation, 
space  for  terminals  and  other  details  of  construc- 
tion, prohibit  the  actual  commercial  building  of  the 
ideal  transformer. 

The  terms  "core"  and  "shell"  type  were  intro- 
duced about  this  time  to  denote  the  difference  be- 
tween transformers  like  that  of  Gaulard  and  Gibbs,  in 
which  the  iron  forms  a  core  or  central  portion  on 
which  the  windings  are  placed,  and  those  in  which 
the  iron  encloses  the  coils  like  a  shell,  as  in  the  Stan- 
ley form  in  Fig.  2.  The  two  types  of  Zipernowsky, 
Deri  and  Blatley  also  represent  the  essential  differ- 
ence between  the  core  and  shell  types  of  constric- 
tion. 


FIG.    5 — LAMINATED — IKUN     MAG- 
NETIC   CIRCUIT   OF    PRESENT 
SHELL-TYPE  TRANSFORMER 
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The  development  of  the  Stanley  transformer  in 
this  country  was  rapid,  although  in  the  years  of 
1887  and  1888  an  endeavor  was  made  to  secure  leg- 
islation against  the  use  of  the  alternating  current 
for  the  distribution  of  power.  The  Thomson-Hous- 
ton Company  also  brought  out  a  shell  type  trans- 
former in  the  year  1888,  which  continued  to  be  used 
down  to  as  late  as  1895. 

After  the  first  commercial  transformers  were 
made,  the  immediate  developments  were  improve- 
ments in  detail  on  the  shell  type  of  construction.  The 
use  of  oil  as  an  insulating  and 
cooling  medium  was  generally 
adopted,  and  both  the  iron  and 
copper  losses  were  reduced 
and  the  regulation  improved. 
The  transformer  was  modified 
to  meet  the  requirements  of  6o 
cycle  service,  the  first  designs 
being  built  for  133  cycle  op- 
eration, this  frequency  being 
then  in  general  use.  About 
1899  to  1 90 1  practical  designs 
were  developed  indicating  a 
close  approach  to  the  ideal  transformer,  as  in  the  Berry 
patents.  Fig.  4,  taken  out  in  England  about  this  time. 
The  modified  form  of  the  shell  type  for  distrib- 
uting transformers  shown  in  Fig.  5,  is  a  practical  con- 
struction approaching  the  ideal  shape.  The  limitations 
imposed  by  the  character  of  the  magnetic  material  are 


FIG.   6 — LATEST     COUF, 
TR-\NSFORMER 


offset  by  increasing  the  .section  of  the  magnetic  circuit 
outside  of  the  winding.  This  permits  an  increase  in  the 
magnetic  circuit  without  a  corresponding  change  in  the 
conductors  which  would  have  been  necessary  with  the 
other  form  of  design.  A  corresponding  widening  of  the 
magnetic  circuit  outside  of  the  windings  is  possible  for 
the  simple  core  type.  This  core  type  shown  in  Fig.  6, 
is  a  counterpart  of  the  shell  form  in  Fig.  5.  In  high- 
voltage  work  the  core  type  construction,  depending  on 
the  size  of  the  transformer,  finds  its  best  field  and  hence 
both  forms  of  construction  are  justified.  The  efficient 
disposition  of  the  insulation  possible  with  the  core  type 
of  transformer  in  higher  voltages  is  the  reason  for  its 
use. 

The  comparatively  recent  advent  of  silicon  or 
alloy  steel  has  effected  both  the  design  and  perform- 
ance of  distributing  transformers.  Its  use  does  not 
change  the  relative  economy  of  the  different  types 
of  construction,  but  its  increased  cost  does  change 
the  proportions  of  copper  to  iron  in  any  particular 
design.  The  lower  loss  per  unit  of  weight  of  the 
iron  would  naturally  allow  "a  saving  of  material  for 
a  given  performance.  This  would  result  in  an  in- 
crease of  the  flux  densitj-  in  the  iron  and  of  the  cur- 
rent density  in  the  copper,  their  upper  limits  bein.,| 
set  by  the  magnetic  saturation  of  the  iron  and  heat- 
ing of  the  copper.  The  general  effect  of  the  better 
material  on  commercial  transformers,  however,  has 
been  to  increase  their  efficiency,  better  their  regula- 
lion  and  to  reduce  their  size  and  weight. 
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TWO  synchronous  converters  can  be  operated  in 
parallel  in  three  different  ways  on  the  alternating- 
current  side: — 

o — From  entirely  separate  transformers; 
}) — From  two  separate  secondary  windings  on  the  same 
transformer  core; 

c — From  one  transformer  secondary. 

a — With  separate  transformers,  the  two  alternating 
voltages,  and  therefore  the  two  direct-current  voltages, 
can  be  varied  independently,  by  changing  the  ratio  of 
turns  in  one  or  both  transformers,  or  by  changing  the 
relative  field  excitations.  Division  of  load  on  the  direct- 
current  side  (the  two  converters  being  in  parallel  on 
the  direct-current  side)  is  therefore  under  convenient 
control.  This  method  of  operation  is  the  safest,  as  it 
provides  means  for  adjusting  the  direct-current  voltages 
and  load  division  with  any  combination  of  dissimilar 
synchronous  converters  or  transformers. 

h — With  tivo  secondary  ivindings  located  on  the 
same  transformer  core,  electrical  separation  is  still  main- 
tained in  the  alternating-current  circuit  between  the  two 
converters,  but  there  is  a  magnetic  connection  by  reason 
of  the  common  transformer  flux  that  prevents  independ- 
ent variation  of  the  alternating  voltages.  There  is  no 
way  of  changing  the  relative  direct-current  voltages  (as- 


suining  zero  reactance  between  the  transformer  and  con- 
verter terminals)  except  by  shifting  the  direct-current 
brush  position.  With  two  converters  operating  in  par- 
allel in  this  way.  slight  differences  in  voltage  ratio  or 
drop  in  alternating-current  leads  can  be  compensated  for 
by  changing  the  brush  position.  The  commutation,  how- 
ever, limits  this  method  to  very  small  differences,  and 
flexibility  in  voltage  and  load  control  makes  it  desirable 
to  have  an  appreciable  reactance  in  the  individual  con- 
verter alternating-current  leads.  With  such  reactance, 
the  voltage  of  a  single  converter  can  be  varied  by  vary- 
ing field  excitation.  In  the  case  of  synchronous  booster 
converters,  each  converter  obviously  has  a  convenient 
and  flexible  means  for  varying  voltage  and  load  division, 
even  when  the  converters  are  connected  to  separate  sec- 
ondaries of  a  common  transformer.  The  electrical  con- 
nections in  this  case  are  represented  diagrammatically  in 
Fig.  1.  It  will  be  seen  that  the  only  parallel  paths  are 
the  two  complete  armature  circuits  AB  and  CD,  and  the 
voltage  of  these  two  circuits  is  the  total  line  voltage. 
The  only  variable  factor  in  these  two  parallel  circuits  is 
two  volts,  or  less  than  one  percent  of  the  total  voltage, 
the  contact  drop  at  the  brushes,  which  is  of  the  order  of 
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with  250  volt  machines.    Variations  in  contact  drop  will 
have  no  appreciable  effect  on  load  division. 

c — With  tivo  converters  connected  to  a  single  trans- 
former secondary,  there  is  electrical  connection  between 
the  converters  on  both  the  alternating  and  direct-current 


Fig.    1 — Conneitions    with  Fig.  2 — Connections  at  tlie 

two  separate  sefondary  wind-       instant    the    direct-current 

ings  on  the  same  transform-       and    alternating-c  u  r  r  e  n  t 

er  core.  brushes  are  connected  to  the 

same  armature  conductors. 

sides.  Adjustment  of  the  direct-current  voltage  of  each 
machine  is  no  different  from  the  case  just  described,  in 
which  the  converters  are  connected  to  separate  second- 
aries of  one  transformer.  The  voltage  of  one  unit  can 
only  be  dianged  by  shifting  brushes  or  by  field  excita- 
tion, if  there  is  considerable  reactance  in  each  set  of 
converter  leads.  When,  however,  the  desired  load  divi- 
sion is  obtained,  the  condition  will  not  be  stable,  but  load 
will  apparently  shift  from  one  unit  to  the  other  without 
obvious  cause.  The  connections  in  this  case  are  shown 
diagrammatically  in  Figs.  2  and  3.  In  Fig.  2  are  shown 
the  connections  at  the  instant  when  the  direct-current 
and  alternating  current  brushes  are  connected  to  the 
same  armature  conductors.  There  are,  in  addition  to  the 
main  armature  circuits,  two  local  circuits,  AaC.v  and 
BbDy,  in  which  current  can  flow,  and  will  flow  if  the 
voltages  in  the  two  branches  are  unequal.  Under  the  con- 
ditions in  Fig.  2,  the  only  appreciable  voltage  is  the  con- 
tact drop  between  the  direct-current  brushes  and  the 
communtator.  (It  is  convenient  to  consider  these  as  ac- 
tive voltages,  causing  current  to  flow;  i.  e.,  the  voltage 
that  overcomes  the  resistance ;  it  would  lead  to  the  same 
result  to  consider  these  as  branch  circuits  in  which  the 
current  will  divide  in  such  ratio  that  the  drops  will  be 
equal.)  The  drops  of  the  alternating  and  direct-current 
busses  are  negligible  and,  in  this  position  of  the  arma- 
ture, there  is  no  voltage  generated  by  the  main  field  in 
the  conductor  connecting  the  alternating  and  direct- 
current  brushes. 

There  may,  therefore,  be  a  considerable  current  flow 
in  these  local  circuits,  since  the  contact  drops  may  differ 
by  as  much  as  200  percent  of  the  smaller  value,  due  to 
differences  in  commutator  and  brush  surface  and  short- 
circuit  current  under  the  brush.  These  conditions  vary 
in  different  units,  and  at  different  times ;  one  commuta- 
tor may  become  smoother,  while  another  may  become 
rougher  in  operation.  The  load  will  then  gradually  shift 
from  the  rough  to  the  smooth  commutator  machine. 

During  the  rotation  of  the  armature,  the  condition 
shown  in  Fig.  2  changes  to  that  shown  in  Fig.  3  and 
then  back  again  to  Fig.  2.  The  current  in  the  local  cir- 
cuits will  vary  from  a  maximum  with  the  position  in 
Fig.  2,  to  practically  zero  with  the  position  in  Fig.  3.  The 


effect  on  the  output  of  each  unit  is  to  superimpose  on  the 
direct-current  a  pulsating  current,  this  being  subtracted 
from  the  load  current  of  one  machine,  and  added  to  the 
load  current  of  the  other.  There  is  a  maximum  point  in 
this  pulsating  current  every  time  a  collector  tap  coil  is 
connected  to  a  brush,  or  360  times  per  second  in  a  60 
CAxle  converter.  The  effect  is  the  same  as  if  the  current 
were  constant. 

The  operating  conditions,  b  and  c,  above,  may  be 
compared  respectively  to  a  double-commutator  direct- 
current  generator  having  two  independent  armature 
windings  on  the  same  core,  and  to  a  double-commutator 
direct-current  generator  having  both  commutators  con- 
nected to  the  same  armature  winding.  It  is  a  matter  of 
common  experience  that  the  double-commutator  gen- 
erator with  the  single  winding  can  only  be  operated 
satisfactorily  on  a  common  load  if  appreciable  resist- 
ance is  introduced  in  the  leads  from  each  commutator. 
The  effect  of  this  resistance  is  to  make  the  contact  drop 
a  smaller  proportion  of  the  total  resistance  of  the  local 
circuit,  and  so  reduce  the  effect  of  variations  in  brush 
contact  drop. 

There  is  another  action  that  may  occur  with  the  con- 
nection of  several  converters  to  the  same  transformer 
secondary.  This  has  the  same  effect  as  the  action  just 
described.  If  it  is  assumed  that  the  brush  positions  are 
different  in  the  two  converters,  then  when  the  direct 
and  alternating-current  brushes  are  joined  by  the  same 
armature  conductor  in  one  converter,  the  corresponding 
brushes  in  the  other  converters  will  have  several  arma- 
ture conductors  between  them,  as  shown  in  Fig.  4.  It  is 
readily  seen  that  the  voltage  in  that  part  of  the  armature 
winding  between  the  tap  coil  at  E  and  the  direct-current 
brushes  at  A  will  cause  current  to  flow  in  the  local  cir- 
cuit ACxEA.  This  current  will  be  a  maximum  when 
the  two  armatures  are  in  the  position  shown  and  will  de- 
crease to  a  minimum  as  the  armatures  rotate  to  the  posi- 
tion at  which  the  brushes  are  midway  between  tap  coils. 
This  condition  requires  very  close  adjustment  of  brush 


Fig.  3 — Connections     with  Fig.    4— Connections   with 

the     armature     rotated     90  different  brush  positions  in 

electrical    degrees    past    the  the  converters, 
position    shown   in    Fig.    2. 

position,  as  a  very  small  difference  in  brush  position  will 
cause  an  appreciable  local  current  to  flow,  since  the  re- 
sistance of  the  circuit  (except  for  brush  contact)  is  ex- 
tremely small.  This  action  was  very  noticeable  in  earlier 
non-commutating  pole  converters,  because  the  brushes 
were  moved  into  an  active  field  for  purposes  of  com- 
mutation. Any  increase  in  the  resistance  or  reactance 
of  the  local  circuits,  such  as  by  reactance  coils  or  syn- 
chronous booster  windings,  will  reduce  this  local  cur- 
rent 
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FIG.   26 — TWO-PHASE,   SERIES   CKOLl'lN'G 
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FIG.    29 — TWO-PHASE,  SIX-PARALLEL  GROUPING 


FIG.   30 — THREE-PHASE,   SERIES,    STAR   GROUPING 


TIG.    28— TWO-PHASE,    THREE-PAR.VLLEL    GROUPING 


FIG.   31 — THREE-PHASE,    TWO-PARALLEL,    STAR    GROUPING 
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FIG.    32 — THREE-PHASE,    THREE-PARALLEL,    STAR    GROUPING  FIG.    35 — THREE-PHASE,   TWO-PARALLEL,   DELTA   GROUPING 


flG.    ii — THREE-PH.\SE,   SIX-PAR.\LLEL,   STAR  GROUPING  FIG.   36 — THREE-PHASE,   THREE-PARALLEL,   DELTA   GROUPING 


ABC 
FIG.    34 — THREE-PHASE,   SERIES,  DELTA  GROUPING 


FIG.    i7 — THREE-PHASE,    SIX-PARALLEL,    DELTA    GROUPING 


VoHagQ  Control  ©f  Plroct-C'irront  iVlofcors 

H.  D.  James 

This  article  deals  with  the  control  of  large  direct-current    motors    driven    from    independent    genera- 
tors in  which  the  motor  voltage  is  controlled  by  changing  the  strength  of  the  generator  field. 


FicM    Rlifusia 


IF  a  direct-current  motor  has  its  field  excited  at  a 
constant  voltage,  its  speed  will  be  proportional  to 
the  voltage  impressed  on  its  armature.  The  meth- 
ods of  obtaining  a  reduced  voltage  by  means  of  resist- 
ance in  series  with  the  armature  have  already  been  de- 
scribed.* Another  method  that  is  little  used  at  present 
is  to  provide  a  source  of  power,  using  four  or  more 
power  wires,  the  voltage  between  the  different  wires 
being  proportioned  so  that  a  considerable  number  of 
operating  voltages  can  be  obtained  by  connecting  the 
motor    armature    to    different    pairs    of    wires.      This 

method  is 
known  as  the 
"multiv  o  1  t- 
age  system." 
It  is  objec- 
tionable b  e- 
cause  it  re- 
quires a  num- 
ber of  power 
wires  and  also 
special  gener- 

FIG.    I — CONNECTIONS    FOR    REVERSING    .\    STEEL       .i„„      pn  11  i  n 
MILL   MOTOR  Cq  U  1  p 

Showing    the    field    reversing    switch    of    the  ment.      There 
alternating-current  generator.  are         1  1  S  O 

power  circuits  provided  with  two  outside  wires  and 
a  central  or  neutral  wire,  the  voltage  between  the  out- 
side wire  being  double  that  between  either  wire  and 
the  neutral.  These  systems  usually  have  voltages  of 
115  and  230  respectively,  and  are  used  for  a  limited 
number  of  industrial  applications. 

The  increasing  size  of  direct-current  motors  for 
hoisting,  and  the  application  of  motor  drive  to  revers- 
ing steel  mills  during  the  last  ten  years  has  brought  into 
general  use  a  system  of  voltage  control,  in  which  a 
separate  generator  is  provided  for  each  motor.  This 
generator  may  be  driven  from  any  source  of  power  but 
is  usually  driven  by  a  constant  speed,  alternating-cur- 
rent motor.  The  armature  of  the  generator  is  con- 
nected directly  to  the  direct-current  motor,  as  shown  in 
Fig.  1,  both  machines  having  their  fields  supplied  from 
a  constant  voltage  exciter.  The  slow  speeds  of  the 
motor  are  obtained  by  reducing  the  strength  of  the  gen- 
erator field.  If  the  generator  field  is  reduced  to  zero 
and  energized  in  the  reverse  direction,  the  rotation  of 
the  motor  will  be  reversed.  The  controller  in  Fig.  1 
shows  one  means  of  doing  this.  The  rheostat  consists 
of  a  closed  circuit  in  the  form  of  a  circle.  Points  A 
and  B  are  connected  to  the  +  and  —  side  of  the  ex- 
citer, and  C  and  D  are  connected  to  the  generator  field. 
When  the  rheostat  is  in  the  position  shown,  the  gen- 
*In  the  Journal  for  April,  '17,  p.  150. 


erator  field  is  zero,  and  consequently  the  motor  speed 
is  zero.  If  contact  /  is  moved  to  coincide  with  point  A, 
contact  ^  with  C,  contact  5  with  B,  and  contact  4  with 
D,  current  will  flow  from  the  exciter  to  A  through  / 
and  ^  to  C,  thence  through  the  generator  field  to  D  and 
from  contact  ^  to  5  to  B,  and  thence  to  the  exciter.  This 
will  give  the  maximum  field  strength  to  the  generator 
and  cause  the  motor  to  operate  in  a  forward  direction 
at  full  speed.  Any  position  between  the  one  shown  in 
the  diagram  and  the  one  just  described,  will  give  in- 
termediate values  of  field  strength  and  cause  the  motor 
to  operate  at  reduced  speeds.  If  the  controller  is 
moved  so  that  contact  /  coincides  with  point  C,  contact 
4  with  point  A,  etc.,  current  will  flow  from  the  exciter 
to  A  through  contacts  4  and  5  to  D,  through  the  gen- 
erator field  to  C,  through  contacts  /  and  j  to  B  and 
then  to  the  exciter.  This  will  cause  the  motor  to  operate 
at  full  speed  in  the  reverse  direction.  Intermediate  posi- 
tions of  the  control  will  give  intermediate  speeds. 

The  advantage  of  such  a  method  of  control  is 
obvious.  The  speed  and  direction  of  rotation  of  the 
large  motor  M  in  Fig.  i  is  controlled  by  switching 
the  small  field  current  of  generator  G.  This  current 
may  be  in  the  neighborhood  of  100  amperes,  while  the 
armature  current  flowing  from  G  to  M  may  be  several 
thousand  amperes.  This  method  gives  a  large  number 
of  fixed  running  speeds  and  the  only  losses  which  occur 
are  the  usual  losses  in  the  generator  and  motor  in  ad- 
dition to  the  rheostatic  losses  in  the  field  control. 

The  speed  of  motor  M  may  be  retarded  by  reduc- 
ing the  generator  voltage  to  a  lower  value  than  the  coun- 
ter e.m.f.  of  the  motor.  This  causes  the  motor  to  re- 
generate and  produces  dynamic  braking.  If  the  gen- 
erator G  is  diiven  by  a 
suitable  motor,  this 
method  of  slowing  down 
will  return  power  to  the 
line.  If  it  is  driven  by  an 
engine,  the  generator 
cannot  absorb  the 
power,  and  the  regener- 
ated current  must  be 
wasted  in  a  resistance. 
The  field  of  motor  M 
can  also  be  varied  to  increase  the  speed  range  of  the 
combination.  It  is  found  in  practice  that  the  motor  M 
can  be  arranged  for  speed  control  of  1:1.5  o'"  '  •-  by 
varying  its  shunt  field  without  much  additional  expense. 
If  less  than  the  -full  range  of  operating  speed  is  obtained 
from  the  generator,  a  smaller  generator  can  be  used. 
Therefore,  the  combined  field  control  of  the  generator 
and  field  control  of  the  motor  gives  cheaper  commercial 


.    2 — CONNECTIONS   OF   SLIP   REGU- 
LATOR   TO    INDUCTION    MOTOR 
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apparatus  than  to  obtain  the  entire  range  of  speed  con- 
trol from  the  generator.  This  double  method  of  control 
may  seem  complicated,  but  as  it  is  usually  combined  in 
one  master  switch,  very  little  additional  apparatus  is 
required. 

W  hen  the 
generator  G  is 
driven  by  a 
m  o  t  o  r,  this 
method  of  con- 
trolling the  op- 
erating motor  is 
usually  combin- 
ed with  a  sys- 
tem for  reduc- 
ing the  maxi- 
mum power  de- 
mand from  the 
generating  sta- 
tion. The  power 
suppli  e  d  for 
large  instal  1  a- 
tions  is  usually 
alternating  cur- 
rent, so  the  generator  G  in  Fig.  1  is  driven  by  an  induc- 
tion motor,  shown  in  Fig.  2.  On  the  motor-generator 
shaft  is  placed  a  large  flywheel,  which  is  used  for  stor- 
ing energy  during  the  low  demand  period  of  the  cycle 
and  for  supplying  energy  during  the  maximum  demand 
periods.  This  flywheel  performs  a  similar  function  to 
a  storage  battery  floating  on  the  direct-current  system. 


FIG.   4 — EQU.\LIZER  FLY- WHEEL   HOISTING   SET 

Showing  automatic  liquid  slip  regulator.     At  the   Steel   Company  of   Canada. 


FIG.   3 — DIAGRAM   OF  CONNECTIONS  OF  EQUALIZER  FLYWHEEL   HOIST- 
ING   SET 

A.C.M. — wound-secondary  induction  motor;  F — flywheel; 
D.C.G. — separate'y-excited  direct-current  generator;  E — ex- 
citer; D.C.M. — separately-excited  direct-current  motor;  S.R.— 
automatic  liquid  slip  regulator;  T — torque  motor  for  slip 
regulator;  O.C.B. — oil  circuit-breaker;  F.C. — reversing  field 
controller  for  generator;  R — rheostat  for  motor  field;  V.R. — 
voltage  regulator  for  exciter ;  A — ammeter ;  V — voltmeter ; 
W — watthour   meter;    I.IV. — integrating   wattmeter. 

The  flywheel  gives  out  energy  or  absorbs  energy,  de- 
pending upon  the  speed  of  the  motor  generator  set. 

The  driving  motor  for  this  set  is  provided  with  a 
wound  secondary  and  a  slip  regulator  is  introduced  in 
its  secondary  circuit.    If  the  resistance  in  this  secondary 


circuit  is  varied  automatically  with  the  load,  the  motor 
will  take  an  approximately  constant  amount  of  power 
from  the  line.  This  is  only  desirable  above,  say,  full 
load  on  the  motor.  If  the  demand  for  power  is  in  ex- 
cess of  this  load,  the  slip  regulator  introduces  more  re- 
sistance in  the 
motor  second- 
ary and  allows 
the  motor-gen- 
erator set  to 
slow  down,  so 
that  the  fl  y- 
wheel  can  sup- 
ply this  excess 
of  power.  When 
the  demand  on 
the  generator  is 
less  than  nor- 
mal, the  resis- 
tance in  the  sec- 
ondary of  the 
induction  motor 
is  decreased  and 
the  excess 
power  input  is  used  in  accelerating  the  flywheel,  thus 
storing  up  mechanical  energy  to  be  given  out  later  when 
an  excess  demand  occurs. 

A  diagram  combining  the  control  of  the  motor- 
generator  set  with  the  control  of  the  operating  motor 
is  shown  in  Fig.  3.  This  diagram  is  merely  a  scheme 
of  connections  intended  to  illustrate  the  principle,  and 
does  not  show  any  of  the  control  apparatus  in  detail. 
The  slip  regulator  in  the  secondary  of  the  induction 
motor  consists  of  three  fixed  electrodes  marked  B  in 
Fig.  2.  Each  of  these  electrodes  is  insulated  and  con- 
nected to  one  of  the  slip  rings  of  the  induction  motor. 
Above  them  in  the  liquid  are  suspended  three  electrodes 
marked  A  attached  to  a  common  support  C  and  elec- 
trically connected  through  this  support.  The  solution 
in  the  tank,  known  as  the  "electrolyte"  is  a  solution  of 
washing  soda  and  water.  Referring  to  Fig.  3,  it  will 
be  seen  that  the  movable  electrodes  are  raised  or  low- 
ered by  a  small  torque  motor  T  which  is  energized  from 
three  series  transformers  in  the  primary  circuit  of  the 
induction  motor.  The  weight  of  the  moving  element  is 
partly  counterbalanced,  but  is  still  sufficient  to  move 
the  plates  together.  The  torque  motor  tends  to  separate 
the  plates.  This  motor  operates  in  the  same  manner  as 
an  ammeter ;  the  plates  move  up  or  down  until  the 
torque  of  the  motor  just  balances  the  weight  of  the 
moving  element,  which  occures  at  substantially  the 
same  current  value  for  all  positions  of  the  plates.  The 
friction  in  a  commercial  regulator  does  not  require  more 
than  five  percent  difference  between  the  torque  for 
raising  or  lowering  the  plates. 

The  upper  curve  in  Fig.  5  shows  the  regulation  ob- 
tained with  one  of  these  slip  regulators  in  commercial 
work,  as  compared  with  the  regulation  obtained  with  a 
magnetic  contactor  control  for  cutting  resistance  in  and 
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out  of  the  secondary  of  the  motor,  as  shown  in  the  lower 
curve.  These  curves  show  the  advantages  of  the  hquid 
regulator,  and  that  the  maximum  power  input  is  quite 
uniform.  The  minimum  power  input  depends  largely 
upon  the  way  in  which  the  load  comes  on  and  off  the 
operating  motor,  so  that  these  low  peaks  decrease  to  a 
very  small  value  if  the  demand  for  power  is  small  over 
a  considerable  period  of  time. 

An  exciter  is  shown  mounted  on  .the  shaft  of  the 
motor-generator  set  in  Fig.  3.  As  the  speed  of  this 
exciter  varies  with  the  speed  of  the  motor-generator  set, 
it  is  necessary  to  provide  a  voltage  regulator,  in  order 
that  the  voltage  of  this  exciter  will  remain  constant  over 
the  speed  range  which  is  obtained  in  practice.  This  is 
a  much  simpler  arrangement  than  to  use  a  separately- 
driven  exciter. 

It  is  becoming  the  practice  of  power  companies  to 
make  a  charge  based  upon  the  maximum  demand  re- 
quired from  the  power  system.  This  is  a  just  method 
of  charging  for  power,  as  the  size  of  the  generating 
station  must  be  determined  by  the  maximum  demand 
of  the  customers.  Where  a  large  motor  is  apphed  to 
a  hoist,  considerable  power  is  taken  from  the  line  to  ac- 
celerate the  hoist,  if  the  motor  is  connected  directly  to 
the  supply  system.  The  charge  for  power  may  be  large, 
on  account  of  this  maximum  demand.  If  the  motor  is 
operated  from  a  flywheel  motor-generator  set,  as  pre- 
viously described,  the  maximum  demand  can  be  kept 
quite  low,  as  shown  in  Fig.  5,  particularly  if  a  liquid 
regulator  is  used,  so  that  a  reduction  is  made  in  the 
power  bills  by  using  this  system.  Another  saving  re- 
sults from  the  regeneration  of  power  when  a  load  is 
lowered  or  when  the  hoist  is  brought  to  rest.  By  means 
of  this  voltage  system  of  controlling,  there  is  very  little 
rheostatic  loss,  so  that  less  power  is  taken  and  a  large 
percentage  of  the  energy  given  out  by  the  descending 
hoist  is  returned  to  the  line  by  regeneration. 


with  a  motor-generator  set.  A  curve  should  be  drawn 
showing  the  relation  between  the  horse-power  required 
at  any  particular  instant  and  the  time.  It  is  usual  to 
plot  the  horse-power  as  ordinates  and  the  time  as  ab- 
scissae. From  this  curve,  the  average  input  can  be  ob- 
tained and  the  maximum  demand  over  any  given  period 
of  time. 

To  illustrate,  in  Fig.  6  is  given  a  load-time  curve 
of  a  hoisting  set,  to  lift  5  000  lbs.  at  1  200  ft.  per  min. 
The  accelerating  and  retarding  periods  will  be  equal  to 
1760  horse  power  seconds  and  the  constant  speed  periods 
will  be  3540  horse-power  seconds,  making  a  total  ot 
5300  horse-power  seconds  in  excess  of  the  average  re- 
quirements. This  represents  the  total  energy  which 
must  be  given  out  by  the  flywheel  over  the  maximum 
demand  period.  This  energy  must  be  returned  to  the 
flywheel  during  the  periods  where  the  power  demand  is 
less  than  the  average. 

The  weight  of 
the  flywheel  de- 
pends upon  the 
type  of  c  o  n- 
struction  and 
the  maxim  u  m 
peripheral 
speed.  Let  l\ 
ecjual  the  veloc- 
ity in  feet  per 
second  at  the 
radius  of  gyra- 
tion for  maximum  speed,  and  V^  for  the  minimum 
speed.  The  simplest  form  of  flywheel  and  one  of  the 
best  is  made  up  of  solid  circular  plates.  For  this  type 
of  wheel,  the  radius  of  g}Tation  is  equal  to  0.707  of  the 
wheel  radius.  If  20000  ft.  per  min.  is  selected  as  the 
maximum  peripheral  speed,  which  corresponds  to  good 
practice,  the  maximum  velocity  at  the  radius  of  gyration 
will  be: — 


FIG.    5 — POWER-DEMAND      CURVES      OF      .A      TYPICAL      HOISTING      SET 

Upper   curve    shows    the    regulation,    using   a    slip    regulator; 
lower  curve  the  regulation  using  magnetic  contactor  control. 

It  is  not  difficult  to  determine  the  size  of  a  fly- 
wheel to  absorb  the  peak  loads  when  used  in  connection 


*  With  a  slip  regulator  it  is  possible  to  keep  the  motor 
load  almost  constant  at  the  average  value.  Without  a  slip 
regulator  the  motor  load  increases  with  the  decreasing  speed, 
and  the  calculation  is  more  complicated.  See  article  on  "Re- 
lation of  Flywheel  and  Motor  Capacity  for  Industrial  Loads" 
by  S.  A.  Fletcher  and  Chas.  R.  Riker  in  the  Journal  for 
March,  1912,  p.  270. 


FIG.   6 — LOAD-TIME      CURVE      01 
HOISTING    SET 


Fi  = 


20  000  X  0.707 

60 


=  236  ft.  per  sec. 


follows  :- 


J{/= 


If  a  minimum  speed  is  as.sumed  equal  to  85  percent  of 
the  maximum  speed,  which  is  good  practice,  the  mini- 
mimi  peripheral  speed  will  be, — 

Fj  =  236  X  0.85  =  200  ft.  per  sec. 
The  weight  of  the  flywheel  can  now  be  calculated  as 
Hp  sec^to  be  supplied  X  55°  X  2g 

5300  X  35  400 

(236r-(20o)=   =12050. 

The  rotating  element  of  the  motor  and  the  generator 

furnish  some  flywheel  effect,  so  that  the  horse-power 
seconds  of  the  flywheel  effect  obtained  from  these  two 
units  can  be  subtracted  from  the  total  in  calculating  the 
size  of  the  flywheel  if  it  is  desirable  to  figure  very 
closely. 


L.  C.  McCi.URF. 


THE  voltage  at  the  terminals  of  a  direct-current 
generator  is  equal  to  the  generated  voltage  less 
the  resistance  drop  in  the  machine.  This  drop 
is  proportional  to  the  load  current  and  can  be  com- 
pensated for  by  the  series  field.  Due  to  armature  re- 
action, the  generated  voltage  also  varies  with  change  in 
load  but  this  variation  is  not  proportional  to  the  change 
in  load  as  the  same  increments  of  load  produce  more 
effect  on  the  generated  voltage  at  some  loads  than  at 
others. 

The  genera!  formula  for  voltage  generated  in  a 
direct-current  machine  is: — 

Rs  X  Wc  X  </>  „  X  P 

El   =   Induced  volts,  Rb  =  Revolutions  per  second,  W^  := 
Wires  per  circuit,   4>),  ^^   Flux  per  pole,  P  =:  Number  of  poles. 

In  this  formula  the  terms  R,,  W^  and  P  are  fixed 
for  any  machine,  operating  at  constant  speed.  There- 
fore the  only  means  of  changing  the  induced  voltage  is 
to  change  the  flux  per  pole.  The  only  flux  which  is 
effective  in  generating  voltage  is  that  which  crosses 
the  air-gap.     If  the  densities  of  the  flux  crossing  the 


FIG.    I — FIELD   F'ORM 

A — at  no  load;  B — with  load. 

air-gap  are  plotted  across  one  pole  pitch,  as  ordinates 
above  the  line  OO',  the  resultant  curve  A,  Fig.  i,  us- 
ually called  a  no-load  field  form,  shows  the  density 
of  the  flux  at  each  point  and  the  area  under  this  field 
form  is  a  measure  of  the  induced  voltage.  When  cur- 
rent flows  through  the  armature  winding,  another  flux 
is  set  up,  which  opposes  the  main  field  flux  at  one  pole 
tip  M,  and  aids  it  at  the  other  pole  tip  A''.  This  effect  of 
the  armature  current  upon  the  main  field  flux,  distorts 
the  field  form  to  some  shape  such  as  is  shown  by  curve 
B,  and  changes  the  generated  voltage  in  the  ratio  that 
the  areas  under  the  field  forms  are  changed. 

The  amotmt  that  the  no-load  field  form  is  distorted 
by  full-load  armature  current,  varies  widely  for  differ- 
ent designs  and  is  determined  by  various  design  pro- 
portions. Obviously,  the  distortion  will  be  more  when 
the  armature  ampere-turns  are  high  in  proportion  to  the 
shunt  field  ampere-turns ;  and  anything  which  tends  to 
increase  the  shunt  field  strength,  will  decrease  distor- 
tion. Saturation  of  the  magnetic  circuit,  obtained 
either  by  using  a  small  number  of  conductors  in  the 
armature,  or  by  cutting  away  a  portion  of  the  field  pole 
punchings,  tends  to  make  a  relatively  strong  field. 


As  the  armature  current  is  increased,  the  main 
field  is  weakened  at  one  side  of  the  pole  and  strength- 
ened at  the  other.  These  opposite  effects  are  equal  in 
amount  and  neutralize  each  other  as  long  as  the  mag- 
netic circuit  is  not  saturated.  But  at  some  load,  us- 
ually about  one-third  of  full  load,  the  additional  flux 
sent  through  one-half  the  pole  produces  saturation  of 
that  part  of  the  magnetic  circuit ;  then  a  further  increase 
in  load  decreases  the  flux  at  one  pole  tip  but  does  not 
increase  it  by  the  same  amount  at  the  other.  Thus  the 
total  flux  per  pole  is  decreased  and  the  field  form  as- 
sumes a  shape  such  as  is  shown  by  curve  B.  The  result 
is  that,  with  the  same  excitation,  the  generator  voltage 
will  decrease  after  passing  one-third  load.  So  a  gen- 
erator which  is  to  give  the  same  terminal  voltage  at  no 
load  and  full  load,  must  have  a  series  field  strong 
enough  to  compensate  for  this  decreased  flux  due  to 
the  armature  distortion,  as  well  as  for  the  voltage  drop 
in  the  windings.  However,  this  additional  field  is  not 
required  at  the  low  loads;  so  before  the  magnetic  cir- 
cuit becomes  saturated,  the  voltage  rises  rapidly  until 
some  point  about  one-third  load  is  reached,  then  it 
drops  gradually,  reaching  the  specified  voltage  at  full 
load.  Such  a  sudden  rise  in  voltage  at  low  load  and 
gradual  fall  at  higher  loads  constitutes  what  is  called 
the  "hump"  in  the  voltage  regulation  curve.  This  ex- 
planation neglects  the  variation  of  shunt  field  strength 
due  to  the  variation  of  terminal  voltage  on  a  self-ex- 
citing machine.  Any  shunt  field  variation  has  a  cumu- 
lative effect  on  the  magnitude  of  the  hump  which  must 
be  accounted  for  in  the  machine's  design. 

Special  arrangements  must  be  made  in  the  design 
of  the  generator  to  prevent  this  hump  in  the  regulation 
curve.  The  problem  is  to  eliminate  the  effect  of  the  ar- 
mature current  upon  the  field  form.  This  may  be  done 
in  either  of  two  ways :— The  poles  may  be  designed  to 
prevent  the  decrease  in  total  flux;  or  the  armature  reac- 
tion may  be  neutralized  by  compensating  windings  in 
the  iiole  faces. 
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FIG.    2 — LAMINATIONS      CUT   OFF   AT   POLE  TIP 

When  the  first  method  is  used  a  portion  of  the  lam- 
inations, about  50  to  60  percent  of  the  total,  have  their 
tips  cut  away  somewhat  as  shown  by  the  dotted  line. 
Fig.  2.  The  effect  of  this  is  to  saturate  the  iron  below 
the  cut  oft'  laminations  at  all  loads.  Then  the  effective 
ampere-turns,  sending  flux  across  the  air  gap  at  M  and 
N  change,  the  one  decreasing  and  the  other  increasing, 
but  the  resultant  flux  changes  only  slightly ;  as  the  sat- 
uration of  the  iron  makes  a  large  change  in  ampere- 
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turns  necessary  to  produce  any  appreciable  change  in 
the  flux.  Therefore  changes  in  load  do  not  materially 
change  the  shape  of  the  field  form.  When  the  distorting 
eflfect  of  the  load  current  upon  the  shape  of  the  field 
form  has  been  eliminated,  the  only  remaining  effect  of 
the  load  current  upon  the  terminal  voltage  is  the  re- 
sistance drop  in  the  machine.  Therefore,  if  the  field 
windings  are  adjusted  to  give  the  desired  voltages  at  no- 
load  and  full  load,  then  the  series  field  will  hold  the 
voltage  at  intermediate  loads,  at  a  nearly  constant  value 
in  case  of  flat  regulation,  or  at  values  which  rise  in 
proportion  to  the  load  in  case  a  rising  regulation  curve 
is  desired. 
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FIG.  3 — iu-:gijl.\tion  cuiue 
250  volts  at  no  load  and  full  load. 

This  method  of  obtaining  straight  line  voltage  reg- 
ulation has  several  disadvantages,  The  additional  sat- 
uration in  the  magnetic  circuit  requires  more  copper  in 
the  shunt  field,  making  the  machine  cost  more ;  the  no- 
load  losses  are  increased,  and  the  efficiency  decreased 
due  to  the  increased  shunt  excitation  required ;  and  the 
shape  of  the  voltage  regulation  curve  of  the  generator 
is  dependent  upon  operating  at  exactly  the  right  speed 
or  voltage.  Ten  percent  increase  of  speed  or  ten  percent 
reduction  in  voltage  will  destroy  the  benefit  obtained 
by  saturation  of  the  pole  faces. 

Machines  with  compensating  windings  in  the  pole 
faces,  inherently  give  a  straight  line  regulation  curve. 
The  winding  in  the  pole  face  slots  is  so  proportioned, 
that  it  sets  up  a  flux  equal  in  strength  and  opposite  in 
direction  to  tlie  flux  set  up  by  the  armature  current. 
Since  the  same  current  flows  through  the  armature  and 
pole  face  winding,  the  armature  distortion  is  equally 
corrected  for  at  all  loads.  This  accomplishes  the  same 
result  obtained  by  using  cut-off  poles  and  a  heavy  shunt 
field.  But  applying  compensating  windings  to  a  ma- 
chine adds  considerably  to  the  complication  of  its  wind- 
ing and  connections,  and  this  method  is  rarely  used  with 
the  single  object  in  view  of  obtaining  straight  line  regu- 
lation. It  is  one  of  the  incidental  advantages  which  is 
obtained  when  a  generator  is  compensated  to  give  it  ad- 
ditional overload  capacity,  or  to  enable  the  generator  to 
be  built  for  a  higher  speed. 

Most  standard  generators,  in  whose  design  no  steps 
have  been  taken  to  obtain  straight  line  regulation,  are 
shipped  with  the  regulation  adjusted  to  give  over-com- 


pounding in  the  proportion  of  230  volts  no  load,  to  250 
volts  full  load.  The  rapid  rise  in  voltage  due  to  the  hump 
brings  it  up  to  the  full-load  value  at  some  point  about 
one-third  load,  and  from  one-third  to  full-load  the  volt- 
age is  practically  constant.  This  gives  the  effect  of  flat 
compounding  from  one-third  to  full  load,  the  range  of 
load  that  is  most  used.  This  has  proved  suitable  for  most 
power  plants  where  flat  compounding  is  really  desired. 
This  voltage  adjustment  has  the  further  advantage  that 
the  voltage  is  maintained  nearer  250  volts,  when  the 
machine  is  working  on  overloads. 

When  a  standard  generator  is  adjusted  to  give  250 
volts  flat  compounding  from  no-load  to  full  load,  several 
disadvantages  are  encountered.  The  hump  in  the  regu- 
lation curve  causes  the  voltage  to  rise  rapidly  between 
zero  and  one-third  load  and  decrease  slowly  from  that 
point  to  full  load.  This  makes  the  voltage  rise  to  10  or 
15  volts  above  the  full-load  voltage  at  one-third  load 
with  consequent  burning  out  of  lights  or  increase  in 
speed  of  motors  which  are  using  power  from  this  gen- 
erator ;  and  when  the  generator  is  operating  on  over- 
load the  voltage  drops  off  rapidly  with  consequent  detri- 
ment to  the  service. 

In  the  small  power  plant  usually  the  aim  is  to 
supply  a  constant  voltage,  over  the  normal  range  of 
load.  This  can  best  be  supplied  by  using  a  standard 
generator,  adjusted  to  give  the  desired  voltage  at 
one-third  and  full  load,  selected  with  a  view  to  its  sim- 
plicity and  cost,  rather  than  a  special  generator  designed 
to  give  straight  line  regulation.  This  has  the  advantage 
that  over  the  range  of  load  which  is  most  used,  one- 
fourth  to  full  load,  the  voltage  keeps  within  a  small  per- 
centage of  the  full-load  value,  this  departure  being 
partly  above  and  partly  below  the  specified  voltage. 
While  this  may  be  accomplished  by  using  a  special  and 
more  expensive  machine  designed  to  give  straight  line 
regulation,  this  is  not  necessary,  since  practically  as  good 
results  may  be  obtained  by  using  the  standard  machine 
adjusted  as  indicated. 
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FIG.   4 — REGULATION    CURVE 

230  volts  at  no  load  and  250  volts  at  full  load. 

A  generator  specially  designed  to  give  straight  line 
regulation,  gives  possibly  slightly  better  performance 
because  it  maintains  the  same  voltage  over  the  whole 
range  of  load ;  but  it  does  this  at  a  higher  cost  and  with 
a  sacrifice  in  efficiency. 
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FIG.     1 — FIELD    FORM    OF 
A   CONDUCTOR   CARRY- 
ING   CURRENT 

In  the  proximity  of  a 
piece  of  iron.* 


WHEN  the  current  flowing  in  parallel  conductors 
is  in  opposite  directions  there  is  a  stress  tend- 
ing to  force  them  apart;  and  conversely,  if  the 
current  in  the  two  conductors  is  in  the  same  direction 
there  is  an  attraction  between  them.  In  either  case,  the 
force  becomes  a  matter  of  importance  only  when  the 
currents  in  the  conductors  are  quite  large.  Currents 
less  than  20  000  amperes  per  con- 
ductor exert  forces  of  relatively 
small  effect  when  the  separation 
is  some  18  inches  or  more  from 
center  to  center  of  the  con- 
ductors and,  in  general,  such 
stresses  may  be  ignored  safely. 
The  disruptive  stress,  tending  to 
move  the  conductors  bodily, 
obeys  the  law  that  every  part  of 
an  electric  circuit  tends  so  to 
conform  itself  as  to  include  the 
greatest  amount  of  stored  ener- 
gy. Or  expressed  in  another  way,  the  conductors  tend 
to  assume  the  position  where  the  reluctance  to  their 
magnetic  fields  will  be  the  least. 

The  force  tending  to  move  the  conductors  varies  di- 
rectly as  the  product  of  the  current  in  the  two  con- 
ductors and  inversely  as  the  distance  between  them. 
Under  ordinary  bus  conditions,  when  the  conductors  are 
rarely  less  than  12  inches  apart  on  centers,  the  mechan- 
ical stress  of  attraction,  or  repulsion,  does  not  assume 
important  proportions  until  some  25  000  amperes  or 
more  flow.  With  the  exception  of  low- voltage  plants, 
such  currents  can  only  be  obtained  from  large  generating 
stations  or  networks.  In  the  latter  case,  it  would  be  nec- 
essary to  short-circuit  the  bus-bars  themselves,  or  the 
leads  adjacent,  to  obtain  such  an  excessive  current,  is 
the  feeders  are  usually  stibdivided  to  such  an  extent  that 
the  reactance  of  any  one  of  them  on  short-circuit  would 
limit  the  total  current  to  a  value  of  probably  less  than 
50  000  amperes.  Furthermore,  the  generators  feeding 
such  heavy  alternating-current  systems  are  frequently 
provided  with  reactors  outside  of  their  armatures.  These 
reactors  will  prevent  a  current  in  excess  of  a  predeter- 
mined value  being  reached,  even  in  case  of  a  short-cii- 
cuit  in  the  generator  itself  taking  current  from  the  main 
busses.  Many  alternating-current  stations  have  addi- 
tional reactances  between  bus  sections,  which  permit 
exchange  of  minor  currents,  but  limit  the  maxunum  ciu-- 


*In  these  diagrams  the  flux  is  sketched  only  approxi- 
mately, in  order  to  show  only  the  general  direction  of  the 
forces. 


rent  possible  in  case  of  a  short-circuit  in  a  generator,  a 
bus  or  connections  near  the  switchboard. 

With  high  and  extra  high  potentials,  there  is  little 
probability  of  an  excessive  current  causing  damages  to 
the  bus-bar  structure  or  supports,  as  the  currents  are  rel- 
atively small  and  the  bus  separation  is  comparatively 
large.  For  instance,  a  plant  of  10  000  k.v.a.  capacity, 
whose  generators  have  10  percent  reactance,  and  with 
transformers  of  four  percent  reactance,  connected  to  a 
100  000  volt  bus  would  give  a  full-load  current  of  only 
577  amperes  per  phase  on  a  three-phase  system.  In 
case  of  a  short-circuit,  assuming  a  symmetrical  current 
wave,  the  current  per  phase  would  not  exceed  577  X 

(  ^^--  4  )  ""  ^^'^  ^  ^-'-^  ""  "+^"^  amperes,  which  is  a 
value  negligible  even  at  small  bus-bar  spacings.  The 
short-circuit  might  be  momentarily  increased  or  de- 
creased by  the  so-called  transient  effect,  due  to  the  dis- 
placement of  the  current  cttrve  above  or  below  the  zero 
axis,  according  to  the  point  on  the  current  curve  where 
the  short-circuit  takes  place.  This  transient  current 
cannot  exceed  double  the  maximum  current  under  any 
circumstances,  and  its  practical  limit  is  1.8  times  the 
short-circuit  current  (corresponding  to  the  formula 
/  =  £■-;-  Z,  where  Z  =  reactance  of  short-circuit) ,  but 
this  high  value  persists  only  for  the  first  few  cycles  after 
the   short-circuit  c 

occurs. 

Passing  novv' 
to  a  qualitative 
study  of  the  ef- 
fects of  iron  ui 
proximity  to  the 
con  ductors  in 
which  current  is 
flowing.  Figs.  1 
to  11  show  ar- 
rangeinents  of  a 
complete  electric     figs.  2  and  3 — effect  of  a  thick  and  a 

circuit  with    re-  ^''^  "^'^'^  "^  i""*"^' 

^  On  the  field  form  of  two  conductors  car- 

spect   to  a  mass  rying  currents  in  opposite  directions, 

of  iron.     In  gen-  7na — magnetic    attraction;    ri — 

,        r          '^  current   repulsion, 
eral.     for     pti;'- 

poses  of  analysis,  the  iron  will  be  considered  to  be  of 
large  cross-section. 

In  Fig.  1,  X  is  a  current-carrying  conductor  in  the 
proximity  of  a  mass  of  iron,  a,  b,  c  represent  normal 
paths  of  the  magnetic  lines  surrounding  .Y.  Plainly  the 
circle  (7  is  much  shorter  than  the  contour  a,  ay,  a^,  and 
the  circular  path  a  will  be  essentially  maintained.  Cir- 
cle c  is  plainl}'  of  greater  reluctance  than  path    c,    A.    '"■> 
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FIGS.  4.  5.  ()  and  7 — effect  of  different 

SIIAI'ES  OF  UiOX  ON  THE  FIELD  FORJl 


and,  therefore,  the  field  form  will  take  the  general 
shape  of  the  latter  path.  Also  any  other  larger  normal 
circle  will  be  distorted  in  the  same  general  way,  while 
smaller  circles  will  be  distorted  less,  according  to  rela- 
tive position  be- 
tween a  and  <". 
Now,  as  the  iron 
a  p  p  roaches  X, 
progress  ively 
more  of  the  nor- 
mal path  lines  are 
distorted,  becanse 
the  reluctance  of 
the  new    ]iath    is 

1  o  wer.  Conse- 
quently, the  total 
flux  increases  and 
the  iron  and  the 
conductors  are  at- 
tracted.    In  Figs. 

2  and  3  two  con- 
ductors  arc 
viewed  end  -  on 
carrying  currents 
in  reverse  direc- 
tions. In  both 
cases  the  c  o  n  - 
ductors  arc  urged 

apart  by  the  repulsion  of  their  opposed  fields,  but  at 
the  same  time  they  tend  to  approach  the  mass  of  iron, 
as  this  movement  reduces  the  reluctance  of  their  mag- 
netic fields.  Now  if,  as  in  Fig.  2,  the  relative  space  oc- 
cupied by  the  iron  is  large,  the  force  of  attraction  due 
to  it  will  be  greater  than  the  force  of  repulsion  between 
the  two  conductors,  and  the  latter  will  tend  to  close 
against  the  iron  mass.  However,  the 
force  of  repulsion  remains ;  so  that 
if  a  cleavage  be  made  on  line  CD, 
the  parts  would  leave  each  other, 
each  conductor  taking  along  the  por- 
tion of  iron  nearest  to  it. 

In  Fig.  3  it  is  assumed  that  the 
conductors  have  interposed  between 
them  a  much  smaller  sheet  of  iron. 
In  this  case  the  influence  of  the  iron 
is  smaller,  because  the  distance  be- 
tween the  iron  and  the  conductors  is 
larger.  From  these  two  ca.ses,  it  is 
apparent  that  the  proximity  of  the 
iron  to  the  conductors  determines 
the  resulting  magnitude  and  direc- 
tion of  the  forces. 

The  etTect  of  the  iron  in  Fig.  4 
is  to  alter  the  distribution  of  the 
field  surrounding  the  conductors  and 
to  attract  the  conductors  to  it,  as  indicated  in  the 
sketch,  but  the  repulsion  between  conductors  will  not 
be  materially  changed  from  the  value  for  free  air.  In 
the  case  shown  in  Fig.  5,  the  conductors  would  probably 
be    repelled   with   much    greater    force   than    when   not 


FIG.   S> — FIELD  FOKM 

OX  A  BALAXCED 

THREE-PHASE 

SY.STEM 

Show  ing  busses 

enclosed  in  iron 

compartments. 

ra — current 

attraction. 


influenced  by  iron,  as  a  better  jiaih  and  a  consequent 
stronger  field  results  from  the  presence  of  iron.  In 
Fig.  6,  the  iron  would  probably  diminish  the  rejiulsion 
between  conductors,  since  the  tendenc}'  in  each  case 
would  be  for  the  conductor  to  seek  the  iron  so  as  tO' 
offer  less  reluctance  to  its  field.  The  contrast  be- 
tween Fig.  5,  where  the  iron  adds  to  the  repulsion,  and 
Figs.  6  to  9,  where  the  iron  decreases  the  repulsion,  is 
quite  evident.  That  is,  wherever  iron  is  interposed  be- 
tween conductors,  the  tendency  is  to  diminish  the  re- 
pulsion between  them ;  and  conversely,  whenever  iron  is 
placed  above  or  below  the  conductors  paralleling  their 
plane,  the  efifect  is  equivalent  to  diminishing  the  distance- 
between  the  conductors,  and  hence  they  will  re])el  each 
other  with  greater  force  than  in  free  air.  l""igs.  7  and  8  are 
modifications  of  Fig.  3,  i)roducing  the  same  results :  and 
in  Fig.  9  the  conductors  are  enca.sed  in  a  complete  iron 
shell  for  each  conductor.  The  repulsion  between  them 
will,  in  this  case,  be  materially  lessened  :  and  below  the 
point  of  saturation  of  the 
iron,  will  be  almost  com- 
pletely neutralized.  Each 
conductor  in  Fig.  9  would 
tend  to  move  towards  the 
portion  of  the  iron  wall 
farthest  from  the  other  con- 
ductor, as  a  resultant  of  the 
repulsion  between  conduc- 
tors, and  the  balanced  at- 
traction of  the  iron  shell  for 
them.  In  Figs.  10  and  11 
are  shown  cases  where  the 
conductors  would  be  repelled 
with  much  greater  force, 
due  to  the  addition  of  the 
iron,  as  the  attraction  to  the 
iron  and  the  normal  repul- 
sion are  added. 

The  figures  just  discuss- 
ed show  that  the  addition  of 
the  iron  may  cause  a  de- 
crease or  an  increase  in  the 
repulsion  between  conduc- 
tors. The  resultant  depends  upon  the  disposition  of  the 
iron,  and  sometimes  on  the  quantity,  in  case  saturation 
is  involved.  Eddy  currents  in  the  iron  masses  invaria- 
bly increase  the  repulsion  of  the  conductors,  as  their  di- 
rection must  be  opposite  to  that  of  the  conductor  pro- 
ducing them.  Their  effect,  because  usually  sinall,  is  not 
considered  in  the  above  discussion  in  order  to  avoid 
needless  complications. 

A  common  scheme  for  enclosing  busses  in  compart- 
ments is  shown  in  Fig.  8.  Assuming  the  system  to  be 
balanced  three-phase,  the  middle  bus  will  be  practically 
in  equilibrium,  as  the  two  outer  conductors  are  placed 
diametrically  opposite  each  other,  and  at  equal  distances 
from  the  center  bus.  On  the  other  hand,  the  top  and 
bottom  conductors  will  be  repelled  from  each  other  with 
a  pulsating  force. 
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FIG  11 

FIGS.  9,  10  and  11 — effect 

OF   DIFFERENT    SHAPES 
OF   COMPARTMENTS 

On  the  field  forms  of  con- 
ductors  carrying  cur- 
rents in  opposite 
directions. 


THE    ELECTRIC    JOURNAL 


285 


As  the  force  between  conductors  is  measured  by  the 
product  of  the  currents  flowing  in  them,  it  is  interesting 
to  follow  the  instantaneous  values  of  attraction  and 
repulsion  in  three-phase  systems.     Where  the  product 


FIG.  12 SINE  WAVE.S  OF  IN.ST.VXTANEOUS  VALUES  OF  (.'UKKEXT  IX  A 

THREE-PHASE    SYSTEM 

With  conductors  arranged  as  shown  in  Fig.  S.  7,,,,^    =  141  400 
amperes;  I  =  100  000  r.m.s.  amperes. 

has  a  positive  sign  it  indicates  attraction,  and  when  a 
negative  sign  it  shows  repulsion.  In  Fig.  12,  the  three 
sine  waves  represent  the  instantaneous  values  of  current 
in  a  three-phase  system  with  conductors  arranged  as  in 
Fig.  S.  As  conductor  C  is  twice  as  far  from  A  as  is  B, 
the  latter  has  twice  the  effect  on  A  for  the  same  value 
of  current.  In  Fig.  13  is  shown  a  curve  plotted  from 
products  taken  from  Fig.  12,  which  represents  the  total 
stress  acting  on  the  top  bus  during  one-half  of  the  cycle. 
It  can  be  seen  that  there  is  a  small  attractive  eflFect  dur- 
ing 30  degrees  for  each  pulsation,  or  half-cycle  of  cur- 
rent in  the  conductor. 

The  formula  for  the  curve  in  Fig.  14  may  be  stated 
4.0^  T- 


thus  -.—P,, 


.,  where  /is  the  r.m.s.  current  in  an 


c/X  10' 

outer  conductor;  d  the  distance  between  centers  of  con- 
ductors in  inches  and  /\v  the  mean  pressure  against  the 
conductor  in  pounds  per  lineal  foot  of  circuit*.  Where 
the  currents  in  the  conductors  are  not  equal,  theformu- 
A'(AX^) 


la  is: 


d  X  10 
respective  busses  under  consideration. 
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IG.   13 — SYMMETRICAL  WAVES   OF  SHOBT-CIKCUIT  ON    SYSTEM 
SHOWN    IN  FIG.   12 

These  curv'es  were   obtained    from    the    formula: — Force  on 


bus  .4 


(in  ?h      ;'«  /,■  \  ,, 
.     ^    ^  .    lA  =/■]  -|-  I'',  in  pounds  per  foot  length, 

where  i  equals  the  instantaneous  values  of  current  in  the  con- 
ductors shown  in  Fig.  12; /,  = /nu-  sinw/;/i,  =/„iaK  [sinw/  — 120"] ; 
'c  =/ur8x  [sin  wi'-240"];  </  =  separation  of  conductors  in  inches, 

2/ 
and  A  =  JJ^^^_ — TFvoo'  f°r/,„ax,  where  /  =  12  running  inches: 
When  the  currents  in  all  phases  are  equal,  this  reduces  to  F^  -j-F. 
=  -  A'/„,.x  (0.75  sin"  u/  -I-  0.216  sin  2  u./.) 


*  See  "Theoretical  Investigation  ot  Electrical  Transmis- 
sion Systems  under  Short-Circuit  Conditions"  by  I.  W.  Gross 
in  Trans.  A.  I.  E.  E.  Vol.  XXXIV,  p  30. 


The  curve  in  Fig.  14  is  plotted  between  current  as 
abscissae  and  poimds  per  running  foot  of  conductor  as 
ordinates,  with  a  complete  short-circuit  on  a  three-phase 
system,  the  conductors  being  spaced  18  inches  between 
centers  in  air  and  arranged  as  in  Fig.  8.  From  this 
cin'\e  it  is  seen  that  a  v;;lue  of  50  pounds  per  foot  is  not 
attained  until  the  current  reaches  some  47  000  amperes. 
If  the  supports  for  the  conductors  are  four  feet  apart, 
as  is  often  the  case  in  bus  compartments,  the  strain 
would  be  200  pounds  per  support,  a  force  which  can  be 
allowed  for  easily  in  the  ordinary  factor  of  safety. 

The  curves  in  Fig.  15  show  the  value  of  /  under  the 
conditions  stated  in  the  preceding  paragraph  to  give 
different  values  of  pounds  per  foot  of  conductor  where 
the  spacing  between  conductors  is  varied.  An  inspection 
will  demonstrate  the  rapid  rise  in  repulsion  or  attrac- 
tion with  the  increase  of  current  in  the  conductors.  For 
instance,  if  a  bus  support  has  a  limiting  safe  supporting 
value  of  400  poiuids,   and   it   is  on   four-foot   spacing. 
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,  where  /i  and  4  are  the  currents  in  the     ''i'^.  14 


RELATION    BETWEEN    CURRENT    AND    REPULSIVE    FORCE    OF 
THE  TOP  AND  BOTTOM  BUSSES 

With  a  complete  short-circuit  on  a  three-phase  bus-bar  system 

arranged  as  shown  in  Fig.  8.  Conductors  spaced 

18   inches  apart. 

giving  100  pounds  pressure  per  running  foot,  and  the 
conductors  are  placed  18  inches  center  to  center,  the 
support  should  not  be  used  in  a  system  where  as  much 
as  67  000  amperes  may  flow  on  short-circuit,  for  this 
would  leave  no  factor  of  safety.  Instead,  a  larger  and 
stronger  bus  support  should  be  used. 

REINFORCED  CONCRETE  BUS  STRUCTURES 

Iron  appears  in  the  concrete  structure  as  a  rein- 
forcement. The  discussion  with  reference  to  Figs.  1  to 
11  shows  that  the  usual  disposition  will  not  affect  the 
normal  forces  between  conductors.  Also,  that  the  iron, 
even  if  in  a  position  to  increase  the  forces,  will  not  be 
in  sufficient  quantity  to  materially  affect  them. 

A  typical  bus-bar  compartment  for  three-phase  cir- 
cuits is  illustrated  in  Fig.  16,  only  two  of  the  cells,  or 
troughs,  being  shown.  It  may  be  assumed  for  illustra- 
tion of  the  principle  involved  that  the  concrete  is  rein- 
forced with  five-eighths-inch  iron  rods,  arranged  in  lat- 
tice and  on  four-inch  centers.  This  assumption  places 
far  more  iron  in  the  magnetic  circuit  than  is  commonly 
found  in  practice.     Now,  it  makes  no  difference  whether 
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this  iron  is  in  one  sheet  or  in  isolated  rods,  so  far  as  the 
magnetic  effect  is  concerned,  since  there  are  larger  air- 
gaps  in  the  magnetic  field  under  any  consideration.  If 
the  rods  have  their  volume  transferred  into  an  equival- 
ent plate,  its  thickness  would  be  practically  one-sixth 
inch.  In  Fig.  16  this  iron  is  indicated  by  a  heavy  line 
in  the  cross-section  of  the  concrete. 

The   magnetic  density  in  the  air-gap  outside   the 
conductor  in  Fig.  16  is,  assuming  unsaturated  iron. 

lod 
This  is  based  on  the  assumption  that  the  ffiix  outside  the 
semi-circle  S  will  be  just  enough  to  bring  up  the  average 
of  that  inside  the  semi-circle  to  that  in  the  straight  part 
of  the  air-gap.  Assuming  the  flux  to  be  uniform  for  the 
16  inch  length,  from  A  to  S,  as  shown  in  Fig.  16,  and 
considering  one  running  inch  measure  along  the  direc- 
tion of  the  busses,  the  value  of  the  total  flux  will  be 
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X  ^6  X  6  ^s^i^i  ooo  lines. 


If  we  assume  the  flux  to  pass  through  the  iron  equivalent 
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FIG.    15 — REPULSION    ON    THE    OUTER    CONDUCTORS    OF   THE    THREE- 
PHASE   SYSTEM   OP  FIO   8 

sheet  of  one-sixth-inch  thickness,  the  flux  density  in  the 

iron  would  be 

„         (A  0.166  „  ,■  ■     , 

B   =-^=  =  846  000  lines  per  square  men. 

A        141  000 

Since  ordinary  structural   iron   reaches   saturation     at 

some  eighty  to  one  hundred  thousand  lines  per  square 

inch,  and  would  act  similarly  to  an  air  path  for  higher 

magnetizations,  the  total  flux  could  not  flow  in  the  iron, 

and  its  influence  would  be  small,  simply  adding  a  small 

fixed  amount  to  the  total  flux  equivalent  in  air. 

The  net  effect  would  be  a  distortion  of  the  magnetic 

field  surrounding  the  conductors,  but  with  no  appreciable 

change  in  the  repulsion  or  attraction  between  them.  The 

flux  in  the  section  immediately  surrounding  the   iron 

would  consist  of  the  value  for  air  plus  a  small  fixed 

amount,  due  to  the  permeability  of  the  iron  at  saturation. 

Further  saturation  of  the  portion  of  the  iron  between 

conductors  would  result  from  the  fields  of  two  adjacent 

conductors  passing  through  the  identical  path,  though 


FIG.     16 — REINFORCED     CON- 
CRETE   BUS-ItAR   COMPART- 
MENT   FOR   A   THREE- 
PIIA.SE  SYSTEM 

Showing    iron    embedded 

in    the   concrete,    d    = 

18   in.  /  =  7  in. 


differing  in  phase  by  120  degrees.  If,  under  the  same 
conditions  as  in  Fig.  8,  the  current  in  the  conductor 
which  would  produce  saturation  in  the  one-sixth-inch 
iron  plate,  assimiing  80000  lines  per  square  inch  as 
saturation  value,  be  solved  for,  about  3500  amperes  is 
the  result.  At  this  current  the 
stresses  between  conductors 
are  unimportant. 

However,  the  bus-bar  com- 
partment could  be  made  of 
iron  itself.  In  such  a  case,  and 
assuming  that  the  limit  of  per- 
meability in  the  iron  is  not 
reached  at  a  small  current,  the 
effect  of  the  increased  flux 
density  in  the  arrangement  in 
Fig.  8  would  probably  result 
in  a  decrease  in  the  repulsion 
between  conductors,  as  this  is 
only  a  modification  of  Fig.  6 
and  7,  already  discussed.  The 
presence  of  unlaminated  iron 
in  the  vicinity  of  a  conductor 
carrying  alternating  current  results  in  eddy  currents 
being  set  up  in  the  iron  mass,  and  they  will  be  in  such  a 
direction  as  to  repel  the  conductor  which  produces  them. 
This  effect  is  small  at  frequencies  in  use  for  transmit- 
ting power  and  would  not  exceed  some  one  percent  of 
the  normal  repulsion  between  conductors  at  the  greatest 
under  any  ordinary  arrangement  of  iron  and  conduc- 
tors such  as  we  are  considering. 

In  the  design  of  structures  for  conductors  liable  to 
carry  large  currents,  it  is  not  advocated  that  the  pres- 
ence of  iron  in  the  proximity  of  the  conductors  be  used 
in  any  formulas  to  reduce  the  calculated  amount  of  stress 
between  conductors.  On  the  other  hand,  it  is  not  be- 
lieved that  under  the  same  circumstances  an  addition 
should  be  made  to  the  calculated  air  value  to  allow  for 
the  presence  of  the  iron.  As  an  illustration  of  the  last 
assertion,  assume  conductors  spaced  as  in  Fig.  17,  which 
represents  an  arrangement  with  practically  the  maximum 
eflfect  upon  the  repulsion  of  the  conductors,  and  one 
which  cannot  be  conceived  of  as  occurring  under  oper- 
ating conditions.  Assume 
that  conductors  i  and  2 
constitute  a  single-phase 
circuit,  arranged  as  shown, 
and  that  a  current  of  50  000 
amperes  flows  froin  one 
conductor  to  the  other.  The 
iron  in  the  compartment  is 
assumed  as  one-fourth-inch 
thick  and,  according  to  the 
calculations  just  used  with  respect  to  Fig.  16,  it  would 
become  saturated  at  about  194  lines  per  centimeter  of 
length.    Conductor  2  will  be  repelled  out  of  the  path  of 

[Rl 

the  field  of  conductor  i  with  a  force  F  = 

4  -15   y^    lo'' 
pounds  per  foot  of  conductor,   where  /  =  current  in 


FIG.  17 — ARRANGEMENT  OF  TWO 
CONDUCTORS  HAVING  MAXI- 
MUM   BEPUI-SION 
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amperes  (assumed  50000),  B  =  flux  per  centimeter 
(assumed  194),  and  /  =  length  of  magnetic  path.  Then 
^  ^  SO  000  X  ^^^  X  r2  X   --54  ^  ,  ,      ^^^.  -,_ 

4-45  X  ^o' 

In  the  case  of  bus-bars,  with  supports  four  feet 
apart,  the  strain  on  each  support  would  be  only  25 
pounds,  a  negligible  quantity  for  conductors  sufficient- 
ly large  to  carry   50  000  amperes  on  short-circuit. 

The  amount  of  energ>'  liberated  in  the  form  of  heat 
in  the  iron  rods  of  the  concrete  reinforcements  would 
not  be  sufficient  to  cause  damages  to  the  concrete. 

The  amounts  of  iron  found  in  ordinary  concrete 
bus-bar  structures  is  so  small  as  to  have  practically  no 


effect  on  the  stres-^es  between  conductors  carrying  ctu"- 
rent. 

The  presence  of  iron  may  slightly  increase  or  di- 
minish the  stress  between  conductors,  according  to  the 
relative  arrangement  of  the  iron  and  conductors,  and 
in  bus-bar  compartments  as  now  known  it  would  act  to 
slightly  decrease  the  total  force.  The  effect  is  slight, 
not  exceeding  four  percent  positive  or  negative  value 
over  the  calculated  stress  in  air. 

Eddy  currents  in  adjacent  iron  may  add  to  or 
subtract  from  the  repulsion  between  conductors,  the 
effect  being  estimated  as  not  exceeding  one  jiercent  of 
free   air   repulsion. 


Three- Wire  Converter   Transformer 
Connections 

For  supplying  three-wire  service  from  a  rotary  converter, 
a  balance  coil  is  unnecessary  since  the  converter  vv'inding  is 
tapped  to  rings  whose  brushes  are  connected  to  transformers 
v/hich  take  the  place  of  the  balance  coil  of  the  three-wire 
generator.     The   main    function   of   a   balance   coil   is    to   keep 


magnetic  effect  of  the  direct  current  causes  a  large  extra 
primary  current  in  the  transformers.  The  core  loss  will  also- 
be  increased. 

By  using  the  interconnected  star  arrangement,  Fig.  2,  the 
direct  current  is  made  to  flov.-  in  opposite  directions  in  each 
half  of  the  transformer  secondary,  so  that  its  magnetic  effect 
in  one-half  of  the  winding  neutralizes  that  in  the  other.  This 
magnetic    balancing   can   also   be   accomplished   with    six-phase 


the  voltage  of  its  middle  wire  at  neutral.  The  requirement 
in  the  case  of  transformers  is  that  they  shall  have  a  neutral 
point  to  which  the  neutral  of  the  three-wire  system  can  be 
connected.  The  three-phase  delta  grouping  of  transformers 
cannot  be  used  because  no  neutral  point  is  available.  The 
three-phase  star  arrangement  has  a  neutral  point  but  is  un- 
desirable for  another  reason.  Any  unbalanced  current  re- 
turning through  the  neutral  wire  flows  through  the  trans- 
former secondaries  as  in  Fig.  I  and  adds  to  the  magnetizing 
effect  of  the  alternating  current.  Thus,  the  transformer  core 
is  magnetized  from  two  sources.  The  direct  current  flowing 
in  the  secondary  produces  a  steady  flux  as  shown  in  Fig.  4. 
The  alternating  voltage  applied  to  the  primary  produces  an 
alternating  flux,  which  is  nearly  independent  of  the  load  on 
the  transformer.  The  total  flux  in  the  core  is  the  sum  of 
these  two.  It  will  be  noticed  that  the  maximum  value  of  this 
flux  is  greater  than  the  normal  flux.  With  modern  trans- 
former steel,  the  saturation  curve  has  a  comparatively  sharp 
knee,  i.  e.,  above  a  certain  flux  density  small  increases  in 
flux  density  require  large  increases  in  magnetizing  current  so 
that  the  increase  in  maximum  flux  densitv  due  to  the  additional 
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FIG.   4 


diametrical  or  with  two-phase  connections  by  connecting  the 
middle  points  of  the  transformers  together  to  form  a  neutral. 
These  connections  have  an  advantage  over  the  interconnected 
star  in  that  full  transformer  capacity  is  utilized.  With  the 
interconnected  star  the  voltages  of  two  transformer  halves 
are  added  at  120  degrees  instead  of  in  phase,  so  that  the  re- 
sultant voltage  is  only  1.73  times  that  of  one-winding  instead 
of  double.  The  total  capacity  is  thus  equal  to  only  87  percent 
of  the  sum  of  the  individual  winding  capacities. 


What  Is  a  Horse-Pover  ? 

V. — Internal  Combustiou  Engines, 

The  ellectivc  ur  delivered  horse-power  of  a  gas  or  gasoline 
engine  may  be  measured  by  a  prony  brake  in  the  same  manner 
as  a  steam  engine.  In  place,  however,  of  wasting  energy  in 
friction,  it  is  customary  in  many  automobile  factories  where 
such  engines  are  tested  in  large  quantities  to  load  them  with  a 
calibrated  direct-current  generator  whose  output  may  be  meas- 
ured accurately  in  volts  and  amperes,  from  which,  knowing  the 
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efficiency  of  the  generator  at  all  loads,  it  is  easy  to  calculate  the 
output  of  the  gasoline  engine. 

For  gas  or  gasoline  engines  of  large  size  a  prony  brake  tost 
is  unsatisfactory,  and  it  is  customary  to  secure  a  measure  of 
the  output  by  means  of  indicator  diagrams,  as  in  the  case  of 

PLAN 

steam  engines.     The  same  formula  is  used,  Hp  =  ,  but 

33000 
the  significance  of  the  terms  is  somewhat  different.  In  test- 
ing gas  engines  P  =  the  mean  effective  pressure  for  the  entire 
cycle  of  operation  and  A'  =  the  number  of  cycles  per  minute, 
which  in  the  case  of  a  four-cycle  engine  equals  one-half  the 
number  of  revolutions  per  minute;  L  and  A  represent  the 
stroke  in  feet  and  the  area  of  the  piston  in  square  inches,  the 
same  as  with  a  steam  engine.  The  delivered  horse-power  is 
determined  by  multiplying  the  indicated  horse-power  by  the 
mechanical  efficiency  of  the  engine. 

The  S.A.E.  rating  of  automobile  engines  is  determined  on 
the  assumption  that  a  gas  engine  should  deliver  its  rated  power 
at  a  piston  speed  of  1000  feet  per  minute,  that  the  mean  effec- 
tive pressure  in  a  gasoline  engine  will  average  90  pounds  per 
square  inch,  and  that  its  mechanical  efficiency  will  average  75 
percent.  Substituting  these  values  in  the  fundamental  horse- 
power  equation,   the   equation    for   S.A.E.    rating   is   obtained. 

Dm 

namely,  Hp  =  ,  where  D  =  the  diameter  of  the  cylinder 

2.5 
in  inches  and  A'^  =  the  number  of  cylinders.  Since  the  formula 
is  based  on  average  conditions  only  of  mean  effective  pressure, 
speed  and  efficiency,  it  is  evident  that  it  is  valueless  in  deter- 
mining the  actual  horse-power  of  an  engine  and  is  essential 
only  in  determining  the  class  of  license  required. 

The  horse-power  rating  of  an  automobile  engine  is  fre- 
quently misunderstood  on   account   of   the-   custom   of   ratin.c   it 


at  the  maximum  horse-power  which  it  is  capable  of  giving, 
which  ordinarily  means  the  horse-power  at  the  maximum  speed 
at  which  the  engine  will  operate  safely,  usually  around  3000 
r.p.m.,  which  corresponds  to  75  to  90  miles  per  hour  with  the 
usual  gear  reductions.  This  does  not  mean  that  all  automobile 
engines  have  their  maximum  horse-power  at  their  highest  pos- 
sible speeds,  although  the  majority  of  them  give  their  maxi- 
mum horse-power  at  speeds  which  are  far  beyond  ordinary 
road  operation.  On  the  other  hand,  the  average  of  a  group  of 
typical  automobile  engines  at  10  miles  per  hour  (average  about 
380  r.p.m.)  is  12  horse-power;  the  average  of  same  engines 
at  20  m.p.h.  is  27  horse-power  or  approximately  the  S.A.E.  or 
license  rating,  showing  that  the  license  rating  gives  a  fairly 
good  estimate  of  the  engine  horse-power  at  this  speed.  At  50 
m.p.h.,  the  average  horse-power  of  the  same  engines  is  60. 

It  is  unfortunate  that  automobile  engines  are  rated  in 
terms  of  horse-power,  as  the  desired  characteristic  is  torque  or 
tractive  effort  at  all  speeds.  Unfortunately,  the  torque  of  an 
automobile  engine  decreases  very  rapidly  below  about  300 
r.p.m.,  corresponding  to  about  eight  miles  per  hour  direct  drive, 
or  about  2.5  miles  per  hour  on  low  gear;  so  that  while  it  is 
possible  for  an  engine  to  run  at  lower  speed  than  this  on  a 
level  road,  when  no  particular  power  is  required,  the  engine  is 
unable  to  exert  a  powerful  pull,  such  as  is  necessani-  to  take  it 
up  a  hill  or  pull  it  out  of  a  rut  or  mudhole  at  speeds  below  this 
value.  For  this  reason  a  slipping  clutch  is  used  which  will 
allow  the  engine  to  run  at  a  fairly  high  speed  while  the  car  is 
at  standstill.  If  there  is  no  wheel  slippage  and  if  the  friction 
in  the  clutch  is  sufficient,  the  car  will  be  pulled  out  of  the  hole 
by  the  energy  stored  in  the  flywheel  or  else  the  engine  will 
stall.  This  explains  in  part  vvhy  an  engine  listed  at  60  horse- 
power may  be  totally  unable  to  pull  a  car  out  of  a  mudhole 
from  which  a  team  of  horses  can  easily  haul  it. 
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Because  a  carbon  lamp  offered 
resistan:e  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward=Leonard  Resistance 

to  screw  into  a  socket  and  re- 
place lamps. 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance — not  to  give  hght. 

It  offers  ai  interchangeable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light— think 
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cTVlaintenance  of  Controller  Fingers  and  Contacts 


There    are    two    essentials    to    the    satisfacton,-    and    eco-       so  urgent  as  on  the  copper  fingers.    However,  the  same  general 
nomical   operation  of   controller  fingers,   :'.   c,  lubrication   and       methods  should  be  followed. 
.contact  pressure. 

LUBRICATION  CONTACT  PRESSURE 

Large    capacity    fingers    (three-fourths    and    one    inch    in  The  safe  current  load  on  a  finger  depends  on  the  width  of 

width),  such  as  are  used  in  the  K  type  of  controller,  are  made       the  contact  surface,  the  pressure  at  the  point  of  contact,  and 
of  copper  and  slide  over  copper  contact  segments.     Both  finger       the  luass  and  radiation  of  the  finger  and  segment.     The  capa- 
and  segment,  being  of  the  same  composition  and  comparatively       city    for   a  given  width  increases   with   the  pressure,   but   too 
soft,    will    wear   excessively    unless    properly   lubricated.     The      hcaxy  pressure  causes  excessive  wear  and  stiff  drums, 
.quality  of  lubricant  used  varies  some-  Average    practicable    finger    pres- 

what   with   the   climate   and   tempera-      ■■■i^^l^^^H^Hi^^^H^I^^^^H  ^°''     ge^ei^^l     service     (copper 

tures,   but  or  HL  oil   No.  ^^^^^^^^^^^^^H^H^^H^^^^^m!       fingers  on  copper  segments)  are  listed 

will   be   satisfactory   for  summer  and      ^^^^^^^^V^^Pi^lflQHV^P^^^^S       below.     For    different    contact    mater- 
for  moderate  winters;  and  engine  oil      ^^^^^^^^^H^|^.Tt J^^Ki^T  ^^?^       '^'^    these    values    may    be    increased 

is  satisfactory  for  ver>'  cold  winters.        ^H^^^^^^^^lf  ^  i  H'-  '  '^    ^^SSSA       somewhat. 

It  has  been  general  practice  in  the      ^r^^^^^        ]8  '  *»    "  >^'  Ji         I^^HI 

11*  mi  W^     ^.jo"'^  ^St^it  ^^^^H  Pounds 

past     to     use     considerable     lubricant,       fc^*^        *k-^  IMl'^'''^ 'Hmk'    <      <^^^H  Size  of  Finger  Pressure 

with  the  idea  that  the  more  used  the      ^Hj^  i^^^K^jjfc^^W^^  -•     <S^^^B       One  inch  8 

longer  it  will   remain   on   the  contact      ^^BHHMiri^9B|^HHyBl!^lj^^'IH9       Three -fourths  inch   6 

segments.     This         erroneous,   as   the      ^^^^^^^^^^^^^^HB^B^K^K^Jft^^l       One -half   inch    4 

^^^^^^^^^^^^■^BSSJ^HWK^.T^BH  

surplus   soon   wipes  or  burns  off  and      ^^^^^^^^^^^^^^^^i^^^g^W  «-^^^^^B 

accumulates    on    arc    barriers,    fingers  ^^^^^^^^^^V^               ^^^^^^^HPH^HI  -o 

°  H^^^^^^^^P                            ~^^^C!?z^H  ^^'  means  ot   a  small  spring  bal- 

and   drum  castings,   collecting  copper,  ^'^^■^^^^V*  f                         ,'>«'»3Br"^0  '     j           ■         .•           ,.u 

,              ...           .  ,                ,r             ,  ,     v^^^^^La'J' >  P                 .■  ^  ^T  «W  ance  and  a  wire  stirrup  the  pressure 

dust  and  dirt,  with  a  resulting  tend-  ...J^^^^k.^  9  d  i   »>      '■'SI      /•  ' -3H  -i       i.     r    j           i           ■     t:-        , 

,     .         ^  .,            ^,  ■^0^iJ^^F'*-       *  4  J     ■  -Mm      L,      aQ  IS  easily  checked,  as  shown  in  Figs,  i 

ency   toward   msulation    failure.    The  '  »7                     ■    .i  ■  __JSi^fc4^Hi  j       '    j  •          ^                 u 

fii^                  ^t  C^HHl^^l^^B  '>"d  2,  and  inspectors  soon  become  ac- 

contact    segments   also   become   sticky  t^,,„t^,^atttl^K d          •    rSikV^BB^^^^^H  j  .     .i.     r     <     r       zi               ..i. 

,     ,■           ^,       .,  WmMtK^^B^tA  •          " .^Jb^BBD^^^H  customed  to  the  feel  of  a  finger  with 

and    dirtv.     The    best    practice    is    to  ^^■PMnji^nii^  a      '*'°<JB*^HiB^^^H 

H^HBBa^dir'  ^wv@O^HlL.M  a       *^v   ^'^^^^^k^^^^^^^H  correct  pressure, 

spread     the     lubricant     as     smoothly  ^HB^^^s^JS^BI^^  '       ^  fZIBI^^Di  u        - 

...  ^BHI^B^^^^^^^HB^^^HH^BWbmB  After   bending  see   that   the   finger 
segments  several  times,  and  then  wipe  .  °  .       r  ,,       .,  , 

J    ..       c  1    ii,  .  ^,.-0    ,    .  x-.^    .  making   contact   along   its    full   width, 

around   the   finger   and   the   segments  figs,  i  and  2  ■,,.,, 

to  remove  any  surplus.  ^^"'^  ^"S"^  ^""^'^  ^"  adjustable  stop. 
The  preceding  information  is  primarily  for  fingers  and  which  limits  the  drop  of  the  finger  tip  when  it  leaves  the  coii- 
,  ,  .  ,  ,  ,,,,  .  J  ^  •  tact,  but  this  stop  does  not  var\'  the  finger  pressure.  Its  sole 
segments  for  arcing  duti'.  Where  non-arcing  duty  is  per-  ""- '  .  ^  -  ,  ,  ,,  ,  ,  , 
,,  .,,,,  ,,.  ,  J  J-,, J  purpose  is  to  prevent  stubbing.  The  drop  should  be  set  at  one- 
formed,  considerablv  less  lubricant  can  be  used,  and  it  should        •    ,       ^1.  ^               •  i..u  •     u                .  „u  t^     u„, .  tu^  e.., ,,.  »„ 

'                       -  sixteenth  to  one-eighth  inch,  or  enough  to  allow  the  finger  to 

l)e  ot  a  hghter  grade.  Uj-j.  gntj^giy  free  from  the  stop  w'hen  the  finger  is  on  the  con- 

Contact  segments  and  fingers  become  roughened  by  arcing      tact.     This  allows    full   pressure   at   the   contact   surface.     The 

J    ,      , J  ,  r  ,,  .,    J  -.1  CI     K„  lift  should  be  checked  in  all  positions  of  the  drum,  as  an  eccen- 

and  should  be  carefully  smoothed  up  with  emerv  or  a  file  be-  '^  ,  ,     ,     - 

.         ,   ,    .      .  ,      „  ,,  •        •  trie  drum,  or  one  having  worn  bearings  and  shatt  mav  have 

fore  lubrication  is  applied.     Contacts  usuallv   start  cutting  in  ,    „  .  ■*•  j  1  '         ■ 

^  ^  ■  good   finger   pressure   in    one   position   and    weak   pressure    in 

two  or  three  days.     A  wire-drawn  contact   surface   should  be  another  position 

..carefully  smoothed  and  wiped  off.     The  safe  mileage  between  -j.^^,  considerations  mentioned  above  are  equally  important 

inspections  depends  on  local  conditions,  and  should  be  deter-  ^vhen  installing  new  fingers  or  contact  segments.     A  new  finger 

mined  by  experiment  for  each  service.  should  preferably  be  ground  in  with  emcr>'  cloth  to  give  a  con- 

Qm-.u   f,,,^.,,..-  „.,     ;       .u   •     u        J   .1  •   i,»u         u       J  tact  area  at  least  one-eighth  inch  in  width  along  the  contact 

bmall  hiigers  one-tourth  inch  and  three-eighthi  u.ch  wide,        .  ,     ,       ,-  ,       ,,         , 

,  11  ...  .  .  line,  and  the  finger  should  make  contact  over  at  least  three- 

such  as  used  in  the  control  circuits  ot  multiple-unit  apparatus,       .-       .,        r  •.     i,       j^t, 

tourths  01  its  breadth, 
are  usually  made  of  different  material   from  the  contact  seg-  r,  ■.     „  ■   ,  ,  1      t      ,  .,»  ^   ,r,;r,; 

Drum  controller  maintenance  cost  can  be  kept  at  a  inmi- 
-ments,  thus  causing  less  cutting.  The  arcing  is  verj-  slight,  so  „,i,m,  ^^d  failures  reduced  as  well,  by  keepint;  in  mind  these 
;that  the  wear  is  much  less,  and  the  need  for  lubrication  is  not       simple  instructions. 


-^         ^      ..  ,     .  J  ,    ..^=  .k;^  ,»on«rtmpnf  aq  a  means  of  securine:  authentic  informatioa  on  electrical  and  mechaiucal  sul^jects. 

Oar  subscnbers  are  Invited  to  use  this  aepartmeoi  as  a  racoiia  wi  oc^-^in^B  ^  ^  j 

Questions  concerning  general  enpnecnng  thcoo-  or  pracdce  and  quesaons  reg3rf.ng  appamhjs  or  mattn^  de^  for  pamcutor  needs  wjl  be. 
an^erS    SpectficLta  regardmg  design  or  redesign  of  .odlv,dual  pieces  of  apparatus  cannot  be  suppUed  throu£h  ttus  department. 

To  receive  oromnt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  nailed  to  each  questioner 
as  soon  as  the  necesiiy  information  is  available;  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
al^e  length  of  time  should  be  allowed  before  expecting  a  reply 


Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent 


1463  —  Operation  of  Commutating- 
PoLE  Motor— A  90  horse-power,  cojii- 
pound-wound,  commutating-pole,  six- 
pole,  230  volt  motor  is  carrying  at 
times  a  60  to  70  percent  overload. 
The  line  voltage  is  around  245  to  250, 
sometimes  255.  When  these  heavy 
loads  are  on,  there  seems  to  be  an 
unbalancing  of  field  flux  to  such  an 
extent  as  to  shift  the  neutral  point. 
At  any  rate,  the  speed  rises  and  falls, 
or  surges,  and  the  ammeter  swings 
through  a  range  of  200  amperes,  more 
or  less.  Of  course,  at  the  height  of 
the  surge  the  brushes  on  two  studs 
especiallv  get  redhot,  but  subside  as 
the  speed  falls  off.  The  surges  occur 
about  45  to  50  times  a  minute  and  are 
most  violent  when  the  voltage  is 
highest.  By  reducing  the  line  voltage 
to  about  240  or  a  little  lower  the 
surging  was  very  much  reduced  and 
the  motor  could  carry  a  much  heavier 
load  without  surging  than  when 
voltage  was  high.  I  have  seen  this 
unstable  condition  of  speed  before  in 
small  commutating-pole  motors  where 
the  brushes  were  known  to  be  off 
neutral.  Please  advise  me  if  my  sup- 
position about  shifted  neutral  is  cor- 
rect and  give  some  details  of  the 
theory  and  what  is  actually  taking 
place.  There  is  no  way  to  clear  the 
trouble,  of  course,  except  to  reduce 
the  load,  but  it  is  an  interesting 
incident.  Can  you  direct  me  to  any 
literature  dealing  with  this  character- 
istic of  commutating-pole  motor 
operation?  R.D.   (wash.) 

We  do  not  believe  that  the  unstable 
conditions  as  described  are  due  to  the 
shifting  of  the  neutral,  but  rather  to  a 
rising  speed  curve  at  overloads.  A  sud- 
den rise  in  speed  with  increase  in  load 
very  often  causes  a  hunting  action,  or 
an  unstable  condition,  depending  upon 
the  relations  between  the  electrical 
characteristics  of  the  motor  and  the 
inertia  of  the  load.  Under  load  the 
armature  ampere  turns  tend  to  weaken 
the  field  at  one  pole  tip  and  to 
strengthen  it  at  the  other.  On  account 
of  saturation  in  the  teeth  and  pole  tips, 
the  increase  is  not  equal  to  the  decrease, 
and  thus  the  net  flux  is  actually  less  for 
the  same  excitation.  Very  ofteti  this 
decrease  is  more  than  enough  to  offset 
the  effect  of  the  IR  drop,  and  will  cause 
a  rising  speed.  To  counteract  this  a 
small  series  coil  is  supplied  which  in- 
creases the  flux  just  the  amount  neces- 
sary to  give  the  desired  regulation.  It 
is  very  probable  that  the  machine  in 
question  has  just  such  a  series  coil 
designed  to  give  good  regulation  at  its 
rated  voltage  and  load.  Referring  to 
the  saturation  curve,  Fig.  1463(a),  it 
will  be  noted  that  the  decrease  in  flux 
from  the  no-load  curve  to  the  full-load 
curve  is  not  constant  over  the  entire 
range  of  the  curves,  also  that  it  is  not 
a  direct  function  of  the  load  at  any 
point.  Consider  the  motors  operating 
on   230  volts   and   with   a   no-load   flux 


equal  to  a;  the  series  coil  supplies  ab 
ampere  turns  at  full-load,  which  just 
compensates  for  the  reduction  in  flux ; 
thus  good  speed  curves  will  be  obtained. 
Let  the  motors  operate  on  250  volts. 
The  shunt  ampere  turns  increase  with 
the  line  voltage,  and  for  the  same  load 


KiG.  1463(a) 

the  armature  current  decreases ;  thus 
the  motors  will  operate  higher  up  on 
the  saturation  curve,  as  at  a  on  the  no- 
load  curve,  where  more  series  ampere 
turns  arc  required  to  compensate  for 
the  reduction  in  flux.  At  the  same  time 
the  series  strength  is  decreased.  Thus 
the  reduction  in  flux  will  not  be  com- 
pensated for,  and  a  rising  speed  will 
result,  leading  directly  to  an  unstable 
condition  as  described.  The  remedy  is 
more  series  turns.  A  good  explanation 
of  instability  is  given  in  the  article  on 
"Operating  Characteristics  of  Commu- 
tating-Polc  Machines,"  by  Mr.  J.  M. 
Hippie,  in  the  Journal  for  Dec,  191 1, 
p.  1066.  ll.L.S, 

1464 — Please  send  me  a  diagram  of  the 
armature  winding  of  a  charging 
generator  such  as  is  used  in  telephone 
exchanges  for  battery  charging.  As 
this  type  of  generator  runs  noiselessly 
and  has  a  low  efticiency,  I  would  like 
to  know  how  it  differs  from  other 
armature  windings.  e.'.h.    (ore.) 

The  noiseless  characteristics  of  a 
charging  generator  are  not  due  to  a  spe- 
cial circuit,  but  rather  to  refinements  in 
design.  The  circuit  is  that  of  the  ordi- 
nary shunt-wound,  direct-current  ma- 
chine. To  illustrate  the  refinements  in 
design  which  result  in  the  noiseless 
characteristics,  the  following  might  be 
mentioned:  —  (a)  The  armature  is 
drum-wound  instead  of  slot-wound.  In 
the  case  of  slot-wound  armatures  the 
slots  in  the  armature  core  create  certain 
inductive  disturbances  as  they  pass  the 
pole  pieces  which  produce  noise,  (b) 
The  pole  pieces  are  so  shaped  that  the 
greatest  flux  appears  at  the  center  cross 
section,  (c)  The  commutator  brush 
adjustments  are  made  very  carefully  so 
that  they  are  in  proper  relation  with  the 
armature  windings  as  they  pass  through 


the  strongest  field  of  the  pole  pieces, 
(d)  A  greater  number  of  commutator 
segments  are  used  than  in  the  ordinary 
commercial  machine,  (e)  The  align- 
ment of  the  armature  and  all  parts  is 
very  accurate  and  to  very  fine  limits ; 
for  instance,  the  commutator  eccen- 
tricity is  limited  to  0.0015  inch.  Cor- 
respondingly small  limits  and  accuracy 
are  observed  on  other  vital  parts.    o.E.n. 

1465 — Pedestal  Flashing — What  is  the 
reason  for  pedestal  flashing  of  rail- 
way converters?  Is  the  arc  started 
through  copper  vapor  by  a  compara- 
tively low  voltage  induced  by  shifting 
of  the  cross  flux,  or  is  it  due  to  a 
high  voltage  induced  by  a  surge?  If 
due  to  the  latter  cause,  what  is  the 
difference  in  the  character  of  pedestal 
flashing  in  high  and  low-voltage  sys- 
tems, with  overhead  conductor  and 
with  third  rail?  H.c.n.  <iowa) 

Flashing  may  be  started  either 
through  vapors  formed  due  to  excessive 
current  density  at  the  surface  of  the 
brush  contact  with  the  commutator,  or 
by  a  high  voltage  on  the  commutator, 
or  by  a  combination  of  the  two.  In  the 
case  of  a  rotary  converter,  the  high 
voltage  is  sometimes  the  result  of  the 
condenser  action  between  the  primary 
and  secondary  in  supply  transformers 
having  a  high  ratio  of  transformation, 
and  is  sometimes  the  result,  particularly 
in  railway  motor  flashing,  of  inductive 
effects  due  to  magnetic  material  in  the 
third  rail.  The  formation  of  vapor  is 
usually  due  to  a  sudden  overload  or 
short-circuit,  or  the  sudden  tripping  off 
of  such  overload  or  short-circuit.  In 
the  one  case,  the  overload  itself  may 
cause  such  a  disintegration  or  vaporiza- 
tion as  to  result  in  a  flash-over.  In 
case  it  does  not,  however,  and  in  case 
it  is  suddenly  removed  by  the  tripping 
out  of  a  circuit  breaker,  a  flash-over 
may  result  from  excessive  current 
densities,  due  to  the  hunting  action  and 
shifting  of  flux.  J  i- y. 

1466— Current  Transformer  Connec- 
tion— It  is  desired  to  measure  the 
total  power  in  four  feeders  (single- 
phase,  II 000  volts)  with  one  watt- 
meter having  a  five-ampere  current 
coil.  When  the  secondaries  of  the 
four  feeder  current  transformers  are 
connected  in  parallel  the  current  will 
be  greater  than  five  amperes,  and  a 
current  transformer,  ratio  4  to  I, 
must  be  used  to  reduce  it  to  within 
the  range  of  the  wattmeter  current 
coil.  Assuming  that  the  calibration 
of  the  wattmeter  is  correct;  that  the 
true  ratios  of  the  transformers  arc 
equal  to  the  marked  ratios;  and  that 
the  phase  angles  of  the  transformers 
are  negligible  within  the  volt-ampere 
capacity:— (a)  Will  the  wattmeter 
indicate  the  true  total  power  in  the 
four  feeders  with  connections  as 
shown  in  Fig.  (a)?  (b)  In  Fig.  (b), 
using  a  20  ampere  wattmeter  and  no 
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4  to  I  current  transformer?  (c)  In 
Fig.  (c),  with  a  watt-hour  meter  con- 
nected to  each  of  the  four  feeders? 
(d)  To  what  extent  will  the  parallel- 
ing of  the  current  transformer 
secondaries  affect  the  phase  angle  in 
the  wattmeter  current  coils?  (e) 
What  will  be  the  effect  on  the  accur- 
acy of  the  watt-hour  meters  when 
the  secondaries  of  the  current  trans- 
formers are  connected  in  parallel,  as 
shown  in  Fig.  (c),  assuming  that  they 
indicate  true  power  in  the  _  feeder 
when  connected,  as  shown  in  Fig. 
(d)?  S.R.c.   (pa.) 


FIG.  1466(a),   (b),   (c)   and   (d) 

(a)  The  wattmeter  will  indicate  the 
total  power  in  the  four  feeders  when 
connected  as  shown  in  Fig.  (a).  There 
will  be,  of  course,  a  very  slight  error 
due  to  the  phase  angle  and  loss  in  the 
several  transformers,  (b)  This  method 
is  slightly  better  than  the  last,  since  it 
eliminates  one  transformer,  cutting  out 
its  errors,  (c)  The  totalizing  watt- 
meter will  indicate  the  sum  of  the  four 
wattmeters  in  the  feeder  circuits,  this 
value  being  the  total  power  in  the  four 
feeders,  (d)  The  phase  angle  of  the 
current  in  the  wattmeter  current  coils 
will  be  affected  very  sHghtly  by  the 
transformers.  This  effect  is  practically 
negligible  at  high  power-factors,  but 
becomes  of  more  concern  as  the  power- 
factor  goes  below  50  percent,  (e)  The 
effect  of  paralleling  the  secondaries  of 
the  current  transformers  will  be  very 
small.  j.H.M. 


1467— B.-MTERV    Plates— Please    give    a 
brief     outline    of     how    the    storage 
batteries  used  on  atitomobiles  are  as- 
sembled    during     their     manufacture. 
\\hat    I    want    to   know    is    how    the 
connections   between   cells   arc   made; 
after  all  the  cells  are  in  place  or  are 
they  all   connected  together  and  then 
put   into   the   jars   together?     If   they 
arc  connected  after  they  are  in  place, 
is  a  mould. used  to  make  the  connec- 
tions   between    cells?     Do    the    plates 
come     assembled    with    the    terminal 
posts   attached   or   not?     Is   the   oxy- 
acelylcne    process    necessary    for    the 
repair  of  batteries  or  wiU  the  acety- 
lene brazing  torch  do?       s'h.j.   (cal.) 
In   the    manufacture    of    storage   bat- 
teries    lor    use    on     automobiles,    it    is 
customar_\-    to    handle    the    plates    sepa- 
rately until  they  are  in  proper  condition 
lo  receive  their  first  charge.     The  plates 
are   then  assembled  into  groups   of   the 
proper  size,  by  "burning"  the  individual 
plates  to  connecting  straps ;  the  positive 
plates  being  all  connected  to  one  strap 
and     the     negative     plates     to     another 
strap.     The   positive   group   is   then   as- 
sembled   with    the   negative    group    and 
the    proper    separators    placed    between 
the     plates.      This     assembled     unit     is 
usually    referred    to    as    an    "element." 
The    elements    are    then    placed    in    the 
jars    and    the    proper   cell   cover   added 
and    sealed    in    place;    the    method    of 
sealing  varying  considerably  among  the 
different  manufacturers.     The  cells   are 
then  assembled  in  wooden  trays  and  the 
cell  terminals  connected  so  that  the  cells 
are    connected    in     series.      These     cell 
connections    are    usually    of    cast    lead, 
lead  alloy  or,  in  some  cases,  lead-plated 
copper  ribbon   provided  with  lead  alloy 
terminals.     These    connectors    are    then 
burned  to  the  cell  terminal  by  means  of 
a  hj'drogen  flame.     The  hydrogen  flame 
has  been  found  preferable  in  this  work 
to    the    acetylene    fiame,    although    it   is 
possible     to     get     satisfactory     results 
using  the  acetylene  flame.  j.h.t. 

1468 — Transmission  line  —  A  three- 
phase  transmission  line  connects  two 
generating  stations  as  shown  in  Fig. 
(a).  The  transformers  are  con- 
nected delta-star  on  both  ends,  with 
grounded  neutrals.  In  case  one  of 
the  transformers  were  to  burn  out, 
would  it  be  possible  under  favorable 
conditions  to  continue  the  operation 
of  the  line,  assuming  that  both  sta- 
tions continue  to  generate  ?  Would 
a  second  line  operating  in  parallel 
with  the  first  one  introduce  any  new 
difficulties?  h.w.m.    (minn.) 


Burned  Out  and 

# 
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FIG.    1468(a) 

Operation  can  be  continued  with  one 
phase  of  one  station  removed.  The 
maximum  safe  three-phase  load  that 
the  two  stations  can  supply  will  be  re- 
duced in  proportion  to  the  reduction  in 
capacity  of  the  phase  from  which  the 
transformer  was  removed ;  that  is,  the 
weak  phase  will  fix  the  safe  load  on  the 
sj'Stera.  A  second  line  operating  in 
parallel  with  the  first  one  will  introduce 
no  difiiculties.  Grounded  neutrals  are 
not  essential  in  order  to  use  this  emer- 
gency operation.  j.F.p. 


1469  —  Series  Transformer  Connec- 
tions— (a) — Will  three  series  trans- 
formers connected  in  Z  to  operate 
meters  and  relays,  as  shown  in  Fig. 
(a),  give  a  balanced  reading  on  the 
ammeter,  (b) — Please  outline  the 
path  of  the  current  in  each  phase, 
(c) — What  are  the  current  relations 
in  lines  l,  2,  3  and  4  at  all  positions 
of  the  switch.  j.H.s.  (tenn.) 


FIG.  1469(a) 

(a)   Assuming    the    load    to    be    bal- 
anced,   the    connection    shown    in    Fig. 

(a)  should    give    a    balanced    reading, 

(b)  and  (c)  The  current  relations 
are: — In  the  off  position  (1-2)  (2-3) 
there  is  no  reading  on  ammeter.  In 
position  I  (1-4)  (2-3)  the  ammeter 
shows  the  current  in  phase  A.  In  posi- 
tion 2  (1-3)  (3-4)  the  ammeter  shows 
resultant  of  the  current  components 
from  phases  A  and  C.  In  position  3 
(1-2)  (3-4)  the  ammeter  shows  the 
current  in  phase  C.  The  current  direc- 
tion in  line  4  does  not  affect  the  am- 
meter readings.  j.F.i.. 


1470  —  Turboalternatou  Air  -  gap  — 
Please  give  reason  for  large  air-gaps, 
(approximately  2.75  inches)  on  a 
20000  kw,  1 1  000  volt,  25  cycle,  1500 
r.p.m.  turbo-alternator  with  a  250  volt 
exciter.  s.e.h.   (n.  y.) 

Alternating  -  current  turbogenerators 
are  usually  two,  four  or  six-pole 
machines,  which  means  that  they  are 
machines  with  a  relatively  large  output 
per  pole.  Since  the  armature  ampere- 
turns  are  proportional  to  the  output, 
there  results  a  much  larger  demagnetiz- 
ing action  per  pole  than  on  slow-speed 
generators.  To  overcome  the  demag- 
netizing action  of  the  armature,  an 
equivalent  number  of  ampere-turns 
must  be  furnished  on  the  field,  and  this 
number  is  the  same  whether  the  air-gap 
is  0.5  inch  or  two  inches  long.  It  is 
desirable,  however,  that  the  field  am- 
pere-turns required  to  overcome  the 
armature  ampere-turns  be  approxi- 
mately equal  to  the  field  ampere-turns 
necessary  to  produce  full  voltage  at 
no-load.  This  ratio  of  unity  will  mean 
that  the  percent  increase  in  field  current 
from  no-load  to  full-load  will  be  within 
the  range  of  the  voltage  regulator. 
This  ratio,  for  a  given  number  of 
armature  ampere-turns,  can  be  best  ad- 
justed by  means  of  the  air-gap.  Since 
the  armature  ampere-turns  per  pole  are 
larger  than  on  slow  speed  machines,  the 
air-gap  must  be  greater  to  preserve  the 
ratio  of  unity.  Incidental  to  obtaining 
a  correct  balance  between  field  and 
armature,  the  field  leakage,  and  conse- 
quently the  field  saturation,  is  increased, 
due  to  the  larger  number  of  ampere- 
turns  required  for  the  longer  gap.  This 
means  that  the  regulation  of  the  gener- 
ator is  improved  by  increasing  the  air- 
gap.  I  n  turbo-generators  which  are 
cooled  by  taking  the  air  in  through  the 
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air-gap  and  discharging  it  through 
radial  ducts  in  the  stator,  it  is  some- 
times necessary  to  make  the  air-gap 
longer  than  usual  in  order  to  furnish 
suthcient  section  for  the  cooling  air 
without  having  too  high  velocities. 

S.L.H. 

1471— Balancing  of  Turbo-gener^vtors 
— What  is  the  formula  for  the  balanc- 
ing of  turbo-generators?  I  have 
often  seen  this  done  as  follows:  The 
machine  was  run  up  to  top  speed,  the 
shaft  was  marked  and  then  the 
machine  was  stopped,  the  weight  was 
then  placed  in  the  ring  provided,  at 
an  angle  to  the  mark  on  the  shaft. 
Will  you  please  explain  at  what 
angle  from  the  mark,  the  weight  is 
placed  and  whether  it  should  be 
placed  before  or  after  the  mark. 

H.  K.  (eng.) 
Turbo-generator  rotors  may  be  bal- 
anced by  running  up  to  full-speed  and 
marking  the  shaft  at  each  end  by  hand 
with  some  suitable  pencil  preferably 
with  a  blue  china  marking  pencil.  The 
spot  at  which  the  marking  is  to  be 
done  should  run  true.  Place  the  weight 
behind  the  mark  opposite  the  direction 
of  rotation  approximately  90  to  180 
degrees  depending  on  the  type  of  rotor. 
Usually  this  spot  will  be  found  to  be 
about  130  degrees  behind  the  mark  and 
can  be  determined  by  trial.  Place 
weights  only  on  one  end  at  a  time, 
preferably  on  the  end  that  is  the  most 
unbalanced.  c.C.B. 


1472 — Circuit  Bre;\ker  Oper/\tion — In 
connecting  a  circuit  breaker  on  a  two- 
phase,  four-wire,  2200  volt,  60  cycle 
line,  I  find  that  the  lowest  current 
that  will  trip  the  switch  is  6.4  am- 
peres. In  Fig.  (a),  how  would  the 
circuit  breaker  open  without  an  over- 
load on   the   transformers? 

j.W.T.  (n.  J.) 

Fig.    (a)    shows   a   two-phase   circuit 

protected  by  two  current  transformers, 

one   in   each   phase,    both   connected   to 

one  trip  coil.     From  your  results,  it  is 


Two-Phase  Four-Wir 


1^ 


FIG.    1472(a) 

evident  that  you  have  on  8.7  ampere 
overload  trip  coil,  which  gives  accurate 
protection  on  a  three-phase  circuit  hav- 
ing two  five-ampere  secondary  trans- 
formers connected  in  open  delta  and 
operating  on  one  trip  coil.  In  this 
case,  the  line  current  is  five  amperes 
and  the  trip  coil  current  ^  5x1.73  = 
8.7  amperes.  In  a  two-phase  circuit, 
the  relation  of  the  transformer  currents 
operating  on  the  trip  coil  is  somewhat 
different.  With  five  amperes  in  each 
transformer  secondary,  the  trip  coil 
current  is  7.07  amperes.  This  is  in- 
sufficient to  trip  when  the  overload 
plunger  is  set  for  its  normal  full-load 
of  8.7.  To  get  8.7  in  the  trip  coil,  the 
line  current  must  be  8.7  divided  by 
1. 414  or  approximately  6.2  amperes. 
This  is  the  condition  we  believe  you 
have.  To  get  a  lower  value  of  trip 
current,   you   should   run   the   adjusting 


screw  on  your  overload  plunger  up  to 
the  minimum  point  which  is  marked 
6.96  amperes.  The  current  in  each 
phase  of  the  two-phase  circuit  will  then 
be  approximately  4-9  amperes.  This 
is  the  lowest  value  of  trip  current  for 
which  the  circuit  breaker  is  calibrated 
and  guaranteed  to  trip.  j.b.m. 

1473 — Changing  Motor  Voltage  —  I 
have  a  7.5  horse-power,  four-pole,  500 
volt  direct-current  motor  with  four 
brush  holders,  which  I  wish  to  change 
cr\'er  to  250  volts  and  also  to 
lower  the  speed.  This  machine  has 
a  series-wound  armature.  (a)  Can 
I  cut  my  voltage  in  half  by  changing 
connections  on  commutator  to  parallel 
or  lap  winding,  without  rewinding? 
(b)  Can  a  direct-current  motor  speed 
be  changed  by  placing  less  or  more 
turns  per  slot  and  by  changing  span 
of  coils  in  slots?  Please  explain?  I 
do  not  care  to  vary  the  speed  by 
changing  the  resistance  of  field  cir- 
cuit. S.E.G.    (cal.) 

(a)  If  the  above  motor  is  recon- 
nected to  give  a  parallel  winding,  it 
will  operate  with  250  line  volts  at  the 
same  speed  as  when  the  armature  was 
series  connected  and  the  line  voltage 
was  SCO,  provided  the  same  field  cur- 
rent is  maintained  in  both  cases.  In 
making  this  change,  no  equalizers 
should  be  used  because  the  series  wind- 
ing with  an  odd  number  of  commutator 
bars  makes  a  symmetrical  connection 
impossible  when  changed  to  the  parallel 
type,  (b)  The  speed  of  a  motor  will 
decrease  with  an  increase  of  turns  per 
slot.  Changing  the  span  of  coils  from 
full-pitch  throw  of  slots  will  have  the 
etTect  of  increasing  the  speed  of  the 
motor.  With  a  full  pitch  winding,  one 
side  of  a  coil  begins  cutting  positive 
flux  at  the  same  instant  the  other  side 
begins  cutting  negative  flux.  Any 
change  in  pitch  or  throw  of  coil  will 
make  both  sides  of  the  coil  during  part 
of  a  cycle  cut  flux  in  the  same  direction. 
This  reduces  the  effective  cutting  of 
flux  which  means  a  reduction  of  coun- 
ter voltage  at  a  given  speed  and  the 
result  will  be  an  increased  flow  of 
armature  current.  But  the  full-load 
current  of  a  motor  is  fixed  bj'  the 
carr>'ing  capacity  of  the  armature  con- 
ductors. Therefore,  the  counter  vol- 
tage must  increase,  which  is  done  by  an 
increase  in  motor  speed.  If  the  above 
change  is  made  for  operation  on  250 
volts,  the  field  coils  should  be  connected 
two  in  series  and  two  in  parallel  in 
order  to  get  the  same  field  current. 

E.M.C. 

1474 — Transposition  of  Transmission 
Line — (a)  Our  transmission  line  is 
18  miles  long,  50  cycles,  22000  volts, 
delta  connected,  with  two  three-phase 
circuits  on  one  pole.  One  of  these 
circuits  is  transposed,  the  other  is 
not.  The  load  at  present  is  800  krw 
of  induction  motors  at  a  power- factor 
at  65  percent  lagging.  We  are 
troubled  with  noises  in  the  telephones 
connecting  the  works  with  the  povver 
station.  These  telephones  have  in- 
sulating transformers  and  drainage 
coils  every  five  miles.  Would  the 
fact  that  one  line  is  transposed  and 
the  other  not,  have  any  effect  on  the 
telephone  lines?  The  two  power 
lines  are  generally  operated  in 
parallel.  The  telephone  lines  are  run 
about  six  feet  below  the  bottom 
power    line    and    are    transposed    at 


every  fifth  pole.  The  power  line  is 
strung  in  an  equilateral  triangle. 
Does  the  power-factor  have  any  effect 
on  noisiness?  What  is  the  effect  of 
the  drainage  coils — please  give  an  ex- 
planation as  to  their  action. 

H.C.O.    (new   ZEALAND) 

Inductive  interference  causing  noise 
in  the  telephone  line  is  caused  by  lack 
of  proper  transpositions.  The  two  tele- 
phone wires  should  in  effect  be  at  the 
same  distance  from  the  wires  of  the 
transmission  lines.  This  requirement 
means  the  transposition  of  each  trans- 
mission circuit.  It  is  also  desirable  to 
transpose  the  telephone  wires  fre- 
quently. Probably  the  noise  is  due  to 
the  fact  that  one  transmission  circuit 
is  not  transposed.  The  drainage  coils 
are  simply  reactances  connected  across 
the  telephone  circuit  with  the  middle 
points  grounded.  If  a  voltage  is  in- 
duced between  the  telephone  wires  and 
ground,  current  can  flow  in  opposite 
directions  e(|ually  in  the  two  sides  of 
the  reactance  from  the  line  to  ground 
with  very  small  impedance  being  offered 
to  its  flow.  Large  current  cainiot,  how- 
ever, flow  from  one  wire  to  the  other 
through  the  drainage  coil  on  account 
of  the  high  reactance  when  current ' 
flows  in  the  same  direction  in  the  two 
halves  of  the  coil.  Thus  there  is  very 
little  leakage  of  telephone  current 
caused  by  the  use  of  the  coil.  If  the 
coil  is  unbalanced,  noise  would  be  pro- 
duced as  would  be  the  case  also  if  the 
leakage  resistance  from  the  two  wires 
to  ground  were  unbalanced.  a.m.c. 

1475 — TiRRiLL  Regulator —  (a)  Please 
give  vector  diagrams  and  explanation 
of  the  action  of  the  resistance-re- 
actance box  used  on  a  Tirrill  regula- 
tor; how  the  power-factor  effects  the 
reactance  side  and  drop  in  line  the 
resistance  side.  (b)  In  connection 
with  this  box,  we  have  two  current 
transformers  cross-connected.  What 
would  be  the  resultant  effect  if  the 
secondaries  were  connected  in  series 
instead  of  in  opposition,  as  now? 
Please  give  vectors.  (c)  What  is 
meant  by  overshooting,  a  function  of 
the  Tirrill  regulator?  It  has  been 
suggested  to  me  to  cut  out  some  field 
resistance  in  the  alternator  to  ease 
the  work  of  the  Tirrill  regulator  on 
load.  As  the  exciter  and  field  rheo- 
stats are  set  in  accordance  with  the 
instruction  book,  is  it  proper  to  alter 
the  setting  of  the  field  rheostat  as 
suggested.  h.c.o.  (new  Zealand) 

Transformers  are  cross-connected, 
as  shown  in  Fig.  (a),  to  get  a  current 
resultant  in  phase  with  the  line  voltage 
exciting  the  regulator  potential  circuit. 
If  the  transformers  are  connected  in 
series,  the  resultant  current  is  at  right 
angles  to  the  voltage.  The  principle  of 
compensation  is  based  on  Mershon 
diagram,  Fig.  (c),  for  line  drop.  The 
idea  is  to  supply  the  regulator  with  a 
voltage  equal  to  that  which  it  would  get 
if  the  pilot  wires  were  run  back  from 
the  end  of  the  lines.  This  is  done 
practically  by  supplying  the  regulator 
with  the  generated  voltage  and  sub- 
tracting from  it  the  two  components 
representing  Rl  and  A7  drop  respec- 
tively. The  series  transformers  send  a 
current  through  a  resistance  and  a  re- 
actance in  the  regulator  potential  cir- 
cuit, producing  a  drop  in  the  resistance 
in  phase  with  the  load  current  and  a 
drop  in  the  reactance  at  right  angles  to 
the     current.     This     resultant     is     sul)- 
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tracted  vcctorially  from  the  generated 
voltage  El,  in  the  Mershon  diagram, 
leaving  £:,  the  voltage  applied  to  the 
regulator  circuit,  eqital  to  the  terminal 
voltage.  With  this  combination  properly 
adjusted,    the    regulator   will    deliver   a 


kCross  Compound  Series  Transformer 


FIGS.  i47S(a),    (b)    and    (c) 

constant  voltage  at  the  receiving  ter- 
minal for  loads  of  varying  power-factor 
and  magnitude.  The  rheostats  in  the 
exciter  and  generator  field  should  be 
adjusted  as  given  in  the  instruction 
book  unless  there  is  some  special 
operating  condition  which  makes  a 
change  advisable.  The  regulator  should 
then  control  the  plant  automatically 
under  all  load  conditions.  C.A.B. 

1476 — Reversing  Induction  Motor — 
What  is  the  formula  for  calculating 
the  current  taken  by  a  three-phase 
motor  when  it  is  reversed  at  full 
speed  and  current  applied  at  full 
voltage?  What  percent  of  full-load 
torque  is  exerted  by  the  motor  at 
this  instant? 

This  condition  is  given  in  Fig.  (a), 
in  which  X  equals  the  current  on 
reversal  at  full-speed,  and  Y  equals  the 
value   of   the   locked   current    at    stand- 


FIG.  1476(a) 

still,  with  full  voltage  applied.  The 
current  on  reversal  will  be  only  slightly 
greater  than  the  locked  current.  This 
can  be  readily  seen  from  the  Heyland 
diagram  as  shown  in  the  Journal  for 
Feb.  1914,  p.  102.  The  starting  torque 
at  the  instant  of  reversal  is  indicated  at 
Z  and  would  probably  average  from  25 
to  50  percent  of  full-load  torque. 

A.M.D. 


1477 — Lining  up  Bearings — In  lining 
up  two  pieces  of  machinery  so  as  to 
have  each  shaft  in  e.xact  parallel  and 
alignment  so  as  to  put  a  flange 
coupling  between  them: — (a)  What 
is  the  best  practice  when  there  is  no 
coupling?  (b)  Is  it  practical  to  use 
two  lines,  one  directly  over  the  shaft 
and  one  to  the  side  of  the  shaft,  both 
running  parallel  to  it,  and  using  a 
micrometer  gage  and  allowing  for  the 
different  diameter  of  the  shafts? 
(c)  Does  this  method  prove  to  be  as 
nearly  perfect  as  possible?  (d) 
What  would  be  the  allowance  for  the 
sag  in  the  line  over  the  shaft  for  a 
given  length  with  so  many  pounds 
weight  at  each  end?  (e)  Where  can 
I  get  this  data  pertaining  to  the  sag 
of  the  line  at  different  distances  from 
the  supports  with  a  weight  applied  at 
each  end?  (f)  What  would  be  the 
allowance  in  a  three-bearing  set,  so 
as  to  keep  the  middle  bearing  from 
heating,  that  is,  is  it  a  general  practice 
to  allow  middle  bearing  to  be  a  few 
thousandths  lower  than  the  out-board 
bearing?  p.D.w.   (wash.) 

(a)  Remove  the  shafts  from  the 
liearings  and  set  up  a  fine  strong  line, 
a  closely  woven  fishing  line  is  best,  in 
the  center  of  the  bearings,  using  a 
weight  on  one  end  to  keep  the  line 
taut.  Get  the  bearings  to  this  line  by 
using  a  micrometer  gage  and  checking 
to  both  ends  of  each  bearing.  For 
height  use  a  good  level  on  the  shafts 
after  they  have  been  set  in  place  and  a 
straight  edge  to  see  if  the  individual 
shafts  are  at  the  same  level,  (c)  This 
is  a  good  method,  (d)  and  (e)  No 
allowance  made  for  sag  as  shafts  can 
be  checked  with  a  level.  If  convenient, 
a  pointer  may  be  clamped  on  one  shaft 
to  reach  to  the  other  shaft.  By  re- 
volving the  shaft  carrying  the  pointer 
and  checking  the  shaft  at  four  points, 
00  degrees  apart,  a  good  check  can  be 
made  on  -the  line  up.  In  case  it  is 
desired  to  line  up  two  machines  each 
with  its  own  bearings  and  with  a  flex- 
ible or  semi-flexible  coupling  between 
them,  it  is  necessary  to  set  the  outer 
end  of  one  machine  high  in  order  to 
correct  for  the  deflection  in  the  rotors 
of  the  two  machines.  Check  with  a 
pin  gage  or  micrometer  between  the 
faces  of  the  coupling  which  have  been 
turned  true  to  the  shafts  at  four  points, 
turn  one  of  the  rotors  180  degrees  and 
check  again.  Divide  up  the  difference 
between  the  readings,  (f)  The  middle 
bearing  should  be  at  the  same  height  as 
the  end  bearings;  then  if  it  heats  up, 
it  is  either  too  high,  or  has  not  a  good 
fit,  providing,  of  course,  it  gets  sufficient 
oil.  C.C.B. 

147S — Pi.AY  IN  Bearings — What  is  the 
rule  for  allowing  enough  play  or  oil 
space  in  bearings  of  different  shaft 
diameters  and  also  for  different 
speeds.  p.d.w.   (wash.) 

For  solid  bearings,  allow  0.002  inch 
per  inch  diameter  on  bearings  larger 
than  two  inches  in  diameter,  and  for 
bearings  two  inches  in  diameter  and 
smaller,  allow  0.003  inch  per  inch. 
For  split  bearings,  allow  o.ooi  inch  per 
inch  diameter  between  three  inch  and 
eight  inch  diameter  bearings.  Below 
a  three  inch  diameter,  allow  0.002  inch 
per  bearing.  Above  an  eight  inch 
diameter,  allow  0.0005  inch  per  inch 
diameter  on  the  lower  half  and  o.ooi 
inch    per    inch    diameter    on    the    upper 


half.  In  addition,  all  split  bearings 
should  be-  relieved  at  the  split  to  about 
30  degrees  below  the  split  to  avoid 
pinching.  c.c.B. 

1479— Exciter   Losses— A   turbogenera- 
tor's field  is  excited  from  an  exciter 
driven   by   a   synchronous   motor   tak- 
ing   power    from    the    same    turbine. 
In   figuring   the    power   developed   by 
the     turbine,     how     should    the     syn- 
chronous     motor      and      exciter      be 
figured?      A    recording    wattmeter    is 
connected  in  the  generator  terminals. 
H.v.s.   (n.  y.) 
Whether   or   not   the   power   to   drive 
the    motor-generator   exciter   should    be 
deducted  from  the  output  of  the  turbo- 
generators  would  depend  on   the  guar- 
antees made.     According  to  the  A.I.E.E. 
rules,    and    to    common    practice,     this 
power    should    not    be    deducted.      The 
power  output  should  be  measured  at  a 
point    between    the    generator    and    the 
point   where   the   exciter   set   is   cut   in. 
From  this   power  reading,  the  PR   loss 
in  the  field  should  be  deducted  to  give 
the    true    output.     The    power   to    drive 
the  exciter  set  would  only  be  taken  into 
account     in     determining     the     over-all 
efficiency  of  the  plant.  s.lh. 

1480 — Copper  Resistance — I  notice  in 
several  different  te.xt-books  that  the 
resistance  per  mil-foot  of  a  conductor 
is  expressed  as  10.8,  10.4,  10.79,  10.75 
ohms.     Which  is  correct? 

C.A.K.  (n.  y.) 
The  resistance  of  copper  wire  de- 
pends on  the  purity  of  the  copper  and 
its  temperature,  and  upon  the  mechan- 
ical treatment  which  it  has  received. 
Also  there  is  a  slight  variation  in 
samples  which  apparently  should  be 
exact  duplicates.  Hence  standard  re- 
sistivity for  copper  wire  is  more  or  less 
an  arbitrary  unit  based  upon  the 
average  of  a  large  number  of  tests. 
The  mil-foot  resistance  is  not  much 
used  at  present  as  a  standard,  as  practi- 
cally all  the  standards  are  given  in  the 
metric  system  of  units.  Also  there 
have  been  quite  a  wide  variety  of 
standards  at  times  past,  so  that  the 
value  which  would  be  given  in  a  text 
book  would  depend  considerably  upon 
the  date  of  issue.  For  example,  the 
Mattheissen  Standard  was  in  common 
use  for  many  years  and  was  the  official 
standard  of  the  American  Institute 
previous  to  1907.  In  1907  the  A.I.E.E. 
Standard  was  somewhat  modified  and 
in  191 1  the  A.I.E.E.  and  the  Bureau 
of  Standards  at  Washington  adopted  a 
standard  resistance  of  0.15302  ohms  for 
a  uniform  wire,  one  meter  long,  weigh- 
ing one  gram  at  20  degrees  C.  The 
latest  official  unit  is  that  which  was 
adopted  by  the  International  Electro- 
technical  Commission  in  September 
1913.  This  unit,  known  as  the  annealed 
copper  standard  is  0.15328  ohms  for  a 
uniform  wire  one  meter  long,  weighing 
one  gram  at  20  degress  C.  This  is  the 
equivalent  of  a  mil-foot  resistance  at 
20  degrees  C.  of  10.371  ohms.  Because 
of  the  fact  that  it  is  difficult  to  obtain 
wire  commercially  in  large  quantities 
having  as  low  resistivity  as  the  stan- 
dards, it  is  customary  in  purchasing 
wire  to  specify  that  it  shall  have  a  con- 
ductivity not  less  than  97  or  98  percent 
of  standard.  Hence,  it  is  quite  possible 
that  some  of  the  text  books  to  which 
you  referred  have  given  the  mil-foot 
resistance  in  commercial  copper  wire 
rather  than  in  the  so-called  standard 
units.  CR.R. 
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1481 — Use  of  Iron  or  Steel  Wire  in 
Magnet  Coil — Please  tell  me  the 
action  of  a  coil  wound  with  iron  or 
steel  insulated  wire  instead  of  copper 
(one  coil  of  iron  or  one  of  steel 
wire),  when  it  is  connected  to  a  60 
cycle  current.  Also  where  can  I  get 
data  on  this  subject?  C.W.B.   (pa.) 

The  use  of  iron  or  steel  wire  for 
electromagnetic  windings  is  not  to  be 
recommended.  In  the  most  common 
designs  of  electromagnets  the"  use  of  a 
magnetic  material  for  the  windings 
permits  an  excessive  leakage  flux  which, 
in  general,  will  result  in  a  decreased 
pull.  The  high  resistivity  of  iron  as 
compared  with  copper  is  also  a  dis- 
advantage from  a  standpouit  of 
economy  of  space  and  power  consump- 
tion. On  an  alternating-current  circuit, 
an  iron  or  steel  winding  will  cause  an 
increased  loss  due  to  hysteresis  and 
eddy  currents  in  the  winding  itself. 
"Solenoids,  Electromagnets  and  Elec- 
tromagnetic Windings"  by  C.  R.  Under- 
bill, gives  much  information  concerning 
the  design  of  electromagnets.  c.t.a. 

1482  —  Mercury  Rectifier  —  Can  you 
give  me  any  information  on  lengthen- 
ing the  life  of  the  bulb  used  in  a 
mercury  arc  rectifier?  J.e.f.  (n.  h.) 
The  original  cause  for  failure  of  a 
mercury  rectifier  bulb  is,  in  almost  all 
cases,  loss  of  vacuum  due  either  to 
leaks  in  the  glass  or  to  the  presence  of 
gases  given  off  from  the  electrodes  and 
glass  during  operation.  A  large  portion 
of  the  gases  contained  in  the  material 
of  the  bulb  can  be  removed  during 
manufacture  by  proper  treatment  while 
the  bulb  is  being  pumped,  and  this 
process  is  carefully  watched  in  the 
making  of  commercial  bulbs  at  the 
present  time.  Overheating,  due  to 
operating  at  more  than  rated  current, 
causes  gases  to  be  given  off  and  also 
may  cause  cracks  at  the  seals  and  intro- 
duce leaks,  either  of  which  will  destroy 
the  usefulness  of  the  bulb.  The  pres- 
ence of  foreign  gases  in  the  bulb  may 
be  shown  in  either  of  two  ways ;  first, 
in  the  present  commercial  type  of  bulb, 
the  glass  between  the  two  mercurj- 
pools  may  be  plated  with  mercury  to 
such  an  extent  that  the  circuit  is  never 
open  between  the  pools,  so  that  it  is 
not  possible  to  secure  a  spark  for  start- 
ing the  bulb ;  second,  the  bulb  may 
short-circuit.  In  the  case  of  a  short- 
circuit  between  the  anodes  of  a  bulb, 
the  short-circuit  current  is  liable  to  flow 
for  one-half  cycle  only,  dependent  on 
the  regulation  of  the  supply  system, 
since  a  cathode  for  this  current  must  be 
re-established  on  one  of  the  electrodes 
at  each  reversal.  Such  a  short-circuit 
indicates  that  the  bulb  is  nearing  the 
end  of  its  usefulness,  but  does  not 
necessarily  mean  that  further  service 
may  not  be  secured,  since  the  injury  to 
the  bulb  is  not  very  great,  in  most  cases. 
In  the  case  of  a  live  load,  such  as  a 
battery,  a  short-circuit  current  from  the 
load  is  liable  to  flow  through  the  bulb 
once  the  cathode  is  established  Ijy  a 
short-circuit  between  the  alternating- 
current  electrodes,  and  since  this  short- 
circuit  current  is  unidirectional  and 
there  is  very  little  resistance  in  the  cir- 
cuit, its  value  will  be  high  and  the  bulb 
will  overheat  and  be  destro}'ed.  It  is 
possible,  in  some  cases,  to  prevent  the 
direct  current  from  the  load  from 
following  an  alternating-current  short- 
circuit  by  connecting  reactance  in  the 
direct-current  circuit.  This  introduces 
a    time   lag   which    prevents    the    direct 
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current  from  building  up  to  a  stable 
value  during  the  half  cycle  of  the 
alternating-current  short-circuit.  Aside 
from  ordinary  care  in  the  operation  of 
the  bulb,  such  as  preventing  quick 
changes  in  the  temperature  and  any 
mechanical  shocks,  the  above  is  the 
only  method  of  increasing  the  bulb  life. 
a.l.a. 

1483  —  Meter  Trouble  —  We  have  a 
three-phase  power  meter,  on  a  semi- 
individual  motor  drive  system.  It  is 
a  concern  which  manufactures  patent 
wood-working  machinery.  All  planers 
are  individual  motor  drive,  all  lathes 
are  run  from  a  line  shaft  driven  by 
a  motor,  all  milling  machines  and 
screw  machines  arc  run  from  one 
line  shaft  and  a  single  motor,  as  are 
the  gear  cutters  and  drill  presses.  In 
other  w'ords  the  shop  is  sectionalized 
in  this  matter.  About  seven  or  eight 
months  ago  we  had  a  short-circuil 
on  our  transformers  and  burned  one 
up.  The  total  power  of  the  plant  is 
about  145  horse-power.  Now  our 
meter  seems  to  act  verj'  irregular,  at 
the  beginning  of  the  week  it  will 
register  low  and  then  gradually 
climb  toward  the  end  of  the  week. 
Then  again  the  readings  for  each 
day  will  practically  be  constant, 
reading  it  morning  and  Tiight.  It 
will  vary  about  30  kw-hrs.  a  da\' 
and  our  load  is  practically  constant. 
Now  the  tiuestion  is,  can  this  meter 
be  erratic  in  action, — that  is,  work 
good  some  days  and  go  to  the  bad  on 
the  other  days,  or  is  it  that  our  load 
varies  that  much?  It  was  tested  by 
the  power  company  and  pronounced 
O.K.  as  to  its  registering.  Will  a 
short-circuit  cause  a  meter  to  act 
this  way?  r.h.l.   (ohio) 

A  watthour  meter  is  one  of  the  most 
consistent  measuring  instruments  in  use 
today,  and  it  should  not  act  erratically. 
We  believe  that  a  careful  test  will  show 
that  the  meter  in  question  is  recording 
correctly,  and  that  the  variation  in 
power  is  a  variation  in  the  plant  itself. 
A  short-circuit  might  slightly  weaken 
the  permanent  magnets,  and  cause  the 
meter  to  register  slightly  high,  but  the 
readings  would  still  be  consistent,  and 
would  not  var}-,  as  suggested.         j.h.m. 

1484 — Centrifugal  Force — Assume  a 
complete  pole,  fastened  by  means  of 
bolts  or  dovetails  to  a  spider;  in 
order  to  be  theoretically  correct,  is 
it  necessary  to  add  the  weight  of  the 
pole  to  the  centrifugal  force  of  the 
pole?  R.K.   (n.  y.) 

If  the  shaft  be  horizontal,  the  direc- 
tions of  the  centrifugal  forces  arc  in 
a  vertical  plane.  Therefore,  if  the 
pole  is  upward  at  a  certain  instant  of 
time,  its  weight  should  be  subtracted 
from  that  centrifugal  force,  whereas, 
if  it  is  downward,  its  weight  should  be 
added  to  the  centrifugal  force.  With 
a  vertical  shaft  machine,  the  centrifugal 
force  acts  at  right  angles  to  gravity, 
and  therefore  the  weight  should  neither 
be  added  nor  subtracted.  The  weight 
of  the  pole  is  usually  so  small,  com- 
pared with  the  centrifugal  force,  that 
it  is  negligible.  For  example,  a  rotor 
revolving  at  3600  r.  p.  m.,  with  a  dia- 
meter of  24  inches,  has  a  centrifugal 
force  per  pound  of  4400;  that  is,  2.2 
tons  per  pound  of  material  at  the  outer 
periphery.  At  1800  r.  p.  m.,  with  the 
same  peripheral  velocity,  the  centrifugal 
force  is  l.l  tons  per  pound.  In  either 
case,  the  speed  is  22  600  feet  per  minute. 
It  will  be  seen  that  the  centrifugal  force 


per  pound  of  material  is  dependent  as 
much  upon  the  angular  velocity  as  it  is 
upon  the  peripheral  velocity;  thus,  the 
earth  revolves  upon  its  axis  at  a 
peripheral  velocity  of  approximately 
92  000  feet  per  minute  at  the  equator. 
However,  the  centrifugal  force  per 
pound  is  only  0.00346  pound.  c.j.F. 

1485  —  R.^TING      OF      Re.\CTANCE      CoiL — 

K.V.A.  143,  A.  750,  V.  190,  Circuit 
6600  volts — These  particulars  are  on 
the  name  plate  of  reactance  coils 
installed  between  a  6000  kw  generator 
and  the  bus-bars  of  a  three-phase,  50 
cycle  .system.  On  the  same  generator 
leads  arc  three  transformers  Z  con- 
nected with  a  ratio  of  1000  to  5;  for 
an  overload  time-limit  relay  which  is 
set  to  operate  at  12.5  percent.  Ac- 
cording to  the  makers,  the  coils  are 
of  five  percent  reactance.  The  full- 
load  current  of  the  generator  in 
question  is  750,  voltage  O600,  and  five 
percent  reactance.  Please  explain 
what  the  different  figures  on  the  name 
plate  refer  to?  What  would  be  the 
ohmic  resistance  of  tlic  above  coil, 
and  how  would  you  ascertain  it  from 
the  particulars  given.  Give  formula 
for  ascertaining  the  short-circuiting 
current  which  would  flow  with  refer- 
ence to  the  above  apparatus?  What 
is  meant  by  the  no-load  voltage  re- 
ferred to  in  the  Engineering  Notes  of 
the  April  number  of  the  JOURn.^l  for 

I915?  S.S.    (S.   AFRICA) 

The  current  and  voltage  values  given 
on  the  name  plate,  correspond  to  full 
load  on  the  generator.  At  6000  kw,  70 
percent  power-factor,  the  generator 
delivers  750  amperes  per  lead.  750 
amperes  at  50  cycles  flowing  through 
the  reactors  develop  190  volts  across 
them.  The  product  of  190  volts  times 
750  amperes  is  143  000  volt-amperes  or 
143  k.v.a.  These  values  are  on  the  name 
plates  of  the  coils.  The  voltage  be- 
tween lines  and  neutral  is  6600  divided 
by  1.73  =  3810  volts.  The  voltage 
across  any  one  reactor  at  full  load  is 
igo  volts.  190  divided  by  3810  =  0.05 
=;  five  percent,  that  is,  the  coils  have 
five  percent  reactance.  The  ohmic  re- 
sistance of  the  coils  cannot  be  deter- 
mined from  the  data  given  on  the  name 
plate.  It  is  very  small,  compared  with 
the  reactance  ohms,  probably  three  or 
four  percent  of  the  latter.  The  re- 
actance ohms  of  the  coils  are  190  volts 
divided  by  750  amperes  or  0.254  ohms. 
The  current  that  will  flow  under  short- 
circuit  is  determined  by  dividing  the 
generator  voltage  by  the  total  im- 
pedance of  the  circuit  between  the  point 
short-circuited  and  the  generator,  in- 
cluding the  impedance  of  the  generator. 
Assuming  a  symmetrical  three-phase 
short-circuit  just  beyond  the  reactors, 
so  that  the  total  impedance  included  is 
five  percent  in  the  generator  plus  five 
percent  in  reactors  or  ten  percent  total, 
(that  is  on  the  basis  of  the  ohmic  re- 
sistance of  the  generator  and  reactors 
being  negligible  in  which  case  the  im- 
pedance equals  the  reactance),  the 
short-circuit  current  will  be  100  percent 
divided  by  ten  percent  or  ten  times 
normal  full  load  equals  7500  amperes. 
The  initial  rush  of  current  would  be 
somewhat  greater  than  7500  amperes 
due  to  the  current  in  at  least  one  phase 
being  displaced  with  respect  to  the 
zero  line.  (Sec  the  journal,  April  1914. 
p.  196).  "No  load  voltage"  referred  to 
in  the  April  1914  journal  means  the 
voltage  across  a  circuit  when  no  current 
is  flowing.  j.F.i'. 
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Ample  street  lighting  has  long  been 
recognized  by  public  safety  depart- 
Protective  ments  as  one  of  the  most  effective 
Lighting  preventives    of    crime.    It    is    small 

wonder  then  that,  during  the  present 
conditions  of  extreme  stress,  when  the  protection  of  in- 
dustrial plants  is  of  vital  importance,  ample  illumination 
should  be  relied  upon  extensively  as  a  defensive  weapon. 

To  secure  the  best  results,  the  same  fundamental 
[irinciples  that  make  installations  successful  for  other 
jHirposes  must  be  applied  to  protective  illumination. 

First,  the  light  must  be  directed  onto  the  object  to 
be  seen  and  away  from  the  observer ;  in  other  words 
onto  the  hypothetical  vandal  and  the  factory  surround- 
ings, not  the  factory  building  nor  the  guards. 

Second,  glare  should  both  be  avoided  and  be  made 
useful.  It  is  almost  impossible  to  see  beyond  a  bright 
light,  as  every  automobilist  can  testify.  The  guard  should 
not  be  subjected  to  any  such  handicap;  but  the  ma- 
inuder  should.  The  fact  that  glare  is  extremely  objec- 
lionable  in  ordinary  lighting  installations  can  be  made 
use  of  as  one  of  the  valuable  features  of  a  protective  in- 
stallation. 

Third,  the  lighting  must  be  adequate  for  the  pur- 
pose, but  for  commercial  reasons  must  not  greatly  ex- 
ceed the  minimum  permissible  value.  It  should  be  as  uni- 
form as  possible.  The  lights  must  be  inexpensive  to  in- 
stall and  operate. 

It  makes  no  particular  difference  what  form  of 
lighting  unit  is  used  so  long  as  it  meets  the  above  re- 
quirements, which  are  amplified  in  articles  in  this  issue 
of  the  Journal  by  Messrs.  Mackall,  Hibben  and  Stair. 
Probably  floodlighting  fits  the  usual  conditions  better 
than  any  other  system.  But  just  because  flood  lighting  is 
the  newest  thing,  amounting  at  the  present  time  almost 
to  a  fad,  it  nuist  not  be  assumed  that  it  provides  a  uni- 
versal solution  for  all  outdoor  lighting  problems.  Each 
case  must  be  considered  on  its  individual  merits. 

Just  as  it  is  in  many  cases  cheaper  and  better  to 
transmit  power  over  a  wire  than  it  is  to  ship  coal  over 
a  i-ailroad,  so  in  many  cases  it  is  easier  to  project  light 
through  the  air  from  a  distance  than  it  is  to  distribute  it 
electrically  through  wires,  supported  on  poles  and  in- 
sulators. This  is  especially  the  case  for  installations  of 
a  temporary  nature.  The  most  ardent  advocate  of  flood- 
lighting for  outdoor  industrial  operations  would  not 
contend  that  it  is  as  satisfactory  as  would  be  distributed 
lighting  from  a  number  of  smaller  units.  The  difficulty 
and  especially  the  expense  of  providing  this  kind  of 
lighting  is,  however,  well-nigh  prohibitive.  Floodlight- 
ing is  not  as  good,  because  the  workman  or  guard  cannot 
face  the  lights.   But  if  the  units  are  high  enough,  or 


are  directed  away   from   the  observer,  floodlighting  i& 
eminently  satisfactory,  and  much  cheaper. 

The  field  of  floodlighting  is,  then,  primarily  in  that 
class  of  installations  where  other  units  are  impracti- 
cable, usually  because  of  the  difficulty  or  undesirability 
of  running  wires  and  installing  lighting  units  at  the  lo- 
cations where  the  illumination  is  wanted.  This  is  a  very 
broad  field  and  one  of  increasing  importance. 


Civic 
Advertising 


"Industrially  a  city  becomes  famous 
only  when  its  individual  manufac- 
turers make  themselves  famous". 
With  this  quotation  as  a  slogan,  the 
Chamber  of  Commerce  of  Philadel- 
phia has  started  a  campaign  for  industrial  advertising 
by  the  use  of  electricity  which  is  worthy  of  the  serious 
attention  of  every  Central  Station  and  Chamber  of 
Commerce  in  the  United  States.  The  traveler  who  sees 
from  a  car  window  only  rows  of  buildings  and  smoke 
stacks  of  various  factories,  takes  little  interest  in  a  scene 
which  is  to  him  meaningless.  But  if  he  sees  an  electric 
sign  bearing  the  name  of  a  well  known  product,  or  if 
the  building  is  flood  lighted  so  as  to  bring  out  its  archi- 
tectural features  as  well  as  its  name,  he  is  at  once  inter- 
ested. From  then  on  he  takes  a  more  personal  interest 
in  the  products  of  that  factory,  and  will  probably  never 
forget  its  location.  Such  signs  enhance  the  reputation 
both  of  the  city  in  which  they  are  located  and  of  the 
manufacturers  whom  they  advertise.  Nor  should  the  in- 
dividual manufacturer  feel  that  he  is  donating  adver- 
tising to  the  city,  for  it  is  without  doubt  of  direct  bene- 
fit to  him.  Even  to  the  people  of  his  own  city  his  plant 
is  probably  but  little  known.  For  example,  how  many  of 
the  dwellers  in  the  Pittsburgh  district  know  the  e.xact 
location  of  the  great  steel  mills  and  glass  works  for 
which  that  city  is  famous.  And  how  embarrassing  it  is 
to  be  forced  to  confess  to  a  visitor  that  one  does  not 
know  the  name  of  a  plant  which  stretches  for  half  a 
mile  or  more  along  the  river  front  and  is  conspicuous 
day  and  night  by  its  tall  stacks  and  the  lurid  flames  is- 
suing therefrom. 

A  general  advertising  of  factories  within  a  city  by 
electric  signs  or  by  flood  lighting  would,  of  course,  be 
helpful  to  the  local  central  station.  Yet  the  additional 
revenue  which  would  be  produced  by  such  general  ad- 
vertising need  not  form  the  only  incentive  to  the  central 
station.  More  and  more,  utility  managers  are  recogniz- 
ing that  they  can  well  afford  to  take  the  lead  in  any 
movement  which  will  tend  to  boost  the  industrial  pros- 
perity of  their  community  as  a  whole,  as  any  such- 
general  prosperity  is  bound  to  be  reflected  in  an  in- 
creased use  of  electricity  for  power  and  light. 


Floocl  Li;^!vtlii[^  fov  Protoctloii 


J.  L.  Stair 

Chief  Engineer 

National  X-Ray  Reflector  Company 


THE  FIRST  large  applications  of  flood  lighting 
for  the  production  of  spectacular  and  decorative 
effects,  a  couple  of  3'ears  ago,  were  soon  follow- 
ed by  its  use  for  advertising  purposes  in  the  lighting  of 
public  buildings,  signs,  bill-boards,  and  amusement 
parks.  This  new  lighting  method,  which  only  a  few 
months  ago  was  considered  more  or  less  novel,  has 
taken  on  a  more  permanent  character,  and  promises 
soon  to  become  a  necessary  part  of  the  equipment  for 
railroads  and  industrial  establishments.  Especially  since 
war  has  been  declared,  the  use  of  flood  lighting  has  been 
greatly  stimulated  because  of  the  many  places  that  re- 
quire protection  against  the  night  prowler.  It  seems  that 
no  class  of  manufacturing  plant  is  exempt  from  the  de- 
signs of  the  marauder.  Many  factories  are  carefully 
guarded,  but  the  most  alert  patrolman  cannot  cover  all 


FIG.     I — TYPICAL     FLOOD     LIGHTINT,     INSTALLATION 

Protecting    Packing    Plant    of    Armour    &    Co.,    Union    Stock 
Yards,  Chicago,  II!. 

the  ground  or  see  far  enough.  Light  gives  the  guard 
another  weapon,  something  which  prowlers  cannot  com- 
bat. 

Flood  light  units  have  been  found  to  be  the  most 
effective  means  of  lighting  zones  for  protection.  For 
locations  difficult  to  reach  with  wiring,  the  light  may 
be  projected  to  a  distance  of  100  or  1000  feet.  Ordin- 
arily the  cost  is  less  and  the  maintenance  easier  than 
for  systems  employing  a  large  number  of  small  indi- 
vidual units  because  of  the  comparatively  large  areas 
that  can  be  covered  with  a  single  projector. 

Although  may  industrial  plants  are  well  lighted  in- 
side, very  little  attention  has,  in  the  majority  of  cases, 
been  given  to  the  lighting  of  yards,  other  than  the  plac- 
ing of  small  bracket  lights  over  entrances  and  at  the 
corners  of  buildings.  Such  conditions  are  sources  of 
great  danger  to  workmen  who  traverse  these  spaces 
after  dark,  and  furthermore  leave  dark  areas  and  black 


corners    wherein    intruders    can    seclude    themselves. 
Marauders  shun  brightly  lighted  buildings. 

It  is  difficult  and  expensive  to  string  overhead  wires 
on  pole  lines  for  yard  lighting  with  small  reflector  units. 
Projectors,  on  the  other  hand,  may  be  installed  at  small 
expense  on  the  roofs  of  the  buildings  and  the  yards 
flooded  with  illumination.  In  most  cases  no  pole  lines 
are  needed  and  maintenance  is  simple  and  easy.  Open 
air  crane  yards  may  be  most  effectively  lighted  by  means 
of  projectors  mounted  on  the  steel  frame  work.  A  unit 
on  the  crane  itself  serves  as  a  spot  light  for  intensifying 
the  illumination  on  the  piece  to  be  lifted.  Freight  un- 
loading platforms  and  docks  may  he  made  safe  by  the 
use  of  projectors. 


FIG.    2 — FLOOU   LIGHTING   INSTALLATION 

Enabling  construction  work  to  proceed  at  night. 

Munition  plants,  arsenals,  and  prisons  may  now  be 
enclosed  by  a  wall  of  light  through  which  no  one  can 
enter  or  leave  undetected.  Projector  units  installed  so 
that  they  throw  very  powerful  beans  of  light  along  the 
enclosing  fence,  provide  the  economical  means.  Fac- 
tories, mills,  and  industrial  plants,  warehouses,  wharves 
and  docks  involved  in  the  storing  and  shipping  of  goods, 
railroad  yards,  bridges,  canals  and  locks  which  have  a 
part  in  the  transportation  of  manufactured  products  and 
foodstuffs,  as  well  as  the  stations  for  the  production  of 
gas,  electricity  and  water  supply,  should  be  adequately 
protected  after  dark. 

The  flood  light  projector  is  not  designed  to  throw 
a  concentrated  beam,  such  as  is  obtained  with  a  search- 
light or  locomotive  headlight,  but  rather  to  spread  the 
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light  evenly  over  a  comparatively  large  area.     A  suit-  temperature  changes,  such  as  occur  when  the  lamp  is 

able  unit,  if  located  50  feet  from  the  ground  and  di-  lighted  with  a  coating  of  snow  on  the  glass, 
rected  at  an  angle  of  about  30  degrees  below  the  hori-  ^^^^^^^^^^^_«r^^ 

zontal,  will  cover  an  area  on  the  ground  about  40  feet  ^^^^^^^^^K^SSm^ 

in  width  and  80  feet  long. 


G.    3 — A   TYPICAL    FLOOD    LIGHTIXG 
UNIT 

For  200  and  250  watt  lamps. 


StXTIOXAL    VIEW    OF    FLOOn 
LIGHTING    UNIT 


FIG.    5 — DISTRIBUTION   OF   LIGHT   FROM    UNIT   IN    FIG.    2 

With  a  2So--watt  flood  lighting  lamp. 


7 — SPECIAL    APPLICATION    0"    PROTECTION    LIGHTING 

To  covered  streets,  viaducts  and  tunnels. 


\  tjpe  of  projector  for  use  with  Mazda  C  lamps. 
Projector  units  are  now  obtainable  for  use  with  mogul  base,  is  shown  in  Fig.  8.  This  projector  will 
lamps  from  200  up  to  1500  watts.  Inasmuch  as  these  take  any  lamp  from  300  up  to  1000  watts  and  has 
units  are  used  almost  entirely  out  doors,  they  should  be  an  adjusting  arrangement  which  will  enable  an}-  of  these 
well  ventilated  and  weather-proofed  in  such  a  manner 
that  the  lamp  and  reflector  will  not  be  affected  by 
changes  in  atmospheric  conditions.  The  projectors 
should  be  compact  and  easily  installed,  readily  accessible 
for  cleaning  and  renewal  of  lamps,  and  capable  of  ad- 
justment for  different  spreads  of  the  beam  of  light. 
Above  all  the  inost  practical  requirement  is  that  the  re- 
flector be  of  correct  design  and  that  its  reflecting  sur- 
face be  of  a  permanent  nature. 


FIG.    6 GROUND    PLAN     OF    A     M  ANUFACTIRINC 

Showing  position   of   flood   lightiiig  units. 

A  typical  unit  designed  for  use  with  a  200  or  250 
watt  G-30  Mazda  C  flood  lighting  lamp  is  shown  in  Fig. 
3.  It  consists  of  an  enameled  metal  casing,  containing 


lamp  sizes  to  be  focused  properly  and  accurately.  In 
order  to  relamp  this  unit  or  clean  the  reflector  and  cover 
glass,  it  is  only  necessary  to  raise  the  hinged  hood  at  the 
top,  which  is  fastened  by  means  of  a  snap  catch. 

A  general 
statement  cannot 
safely  be  made 
as  to  the  type  or 
size  of  unit  to  be 
employed  for  the 
various  require- 
ments. Each  in- 
dividual case 
should  be  stud- 
ied carefully.  In 
general,  h  o  w- 
ever,  the  t\'pe  of 
unit  shown  i  n 
Fig.  3,  using  the 
200  or  250  watt 
flood  lighting 
lamp,  is  correct 
for  cases  in 
which  the  pro- 
jected beam  is  to 


-TYPKWL    PROJECTOR 

With  Standard  mogul  base. 


be  thrown  not  more  than  300  feet.  Beyond  that  a  larger 
unit  with  a  more  powerful  lamp  should  be  employed. 
An  estimate  of  the  number  of  projectors  required  to  il- 
a  parabolic  type  reflector.  It  has  a  focusing  device,  and  luminate  effectively  a  given  surface  inay  quickly  be 
universal  swivel  base.  The  glass  cover  is  made  of  heat  made  by  obtaining  the  area  of  the  surface  to  be  lighted 
resisting  glass  which  withstands  extreme  and  sudden     and  multiplying  by  the  estimated  watts  per  square  foot 
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required.  Experience  in  illuminating  numerous  differ- 
ent subjects,  indicates  that  factory  and  mill  yards,  rail- 
road yards,  docks,  bridges,  wharves,  etc.  should  have 
0.02  to  o.io  watts  per  square  foot.  For  drill  grounds, 
one  half  this  amount  is  satisfactory,  while  night  con- 


FIG.   Q-^PROTECTINC  A   FLOUR   MILL 

Using  five  flood  lighting  units. 

struction  requires  o.io  to  0.25  watts  per  square  foot. 
These  figures  are  based  on  the  assumption  that  the  ob- 
jects or  areas  to  be  lighted  are  located  in  poorly  il- 
luminated surroundings.  When  located  in  a  bright 
neighborhood  the  object  must  be  flood  lighted  with  a 
greater  intensity  of  illumination.  After  selecting  the 
wattage  per  square  foot  recommended  for  lighting  the 
given  object,  it  is  a  simple  matter  to  ascertain  the  num- 
ber of  projectors  to  use.  Suppose,  for  instance,  that  a 
storage  yard  is  to  be  flood  lighted  from  a  distance,  the 
yard  being  200  by  300  feet  and  located  in  dark  sur- 
roundings. The  ground  area  to  be  lighted  is  78  000 
square  feet.  From  the  information  given,  0.02  watts  per 
square  foot  should  provide  adequate  illumination.  IMul- 


FIG.    10 — RAILRO.\D    BRIDGE    PROTECTIVE    LIGHTING 
Showing  projectors  moimtcd  on  piers. 

tiplying  the  square  feet  area  by  this  value,  gives  1560 
watts  required.  Assuming  that  a  200  watt  projector  is 
to  be  used,  dividing  the  total  watts  required  by  200  gives 
eight  as  the  number  of  projectors  necessary  to  illuminate 
the  yard. 


The  accompanying  diagrams  and  illustrations  indi- 
cate the  manner  of  installing  units  for  a  few  special 
cases.  A  plan  for  lighting  a  manufacturing  plant  show- 
ing the  relative  location  of  shop  buildings,  yards,  rail- 
roads switches,  etc.  is  given  in  Fig.  6.  The  arrows  in- 
dicate the  position  of  the  units  and  the  general  direc- 
tion of  the  beam  of  light.  It  is  necessary  to  locate  the 
projectors  not  only  with  reference  to  the  area  to  be  il- 
luminated, but  also  with  reference  to  obstructions,  such 
as  buildings,  water  tanks,  trees,  etc.  It  will  be  noted 
that  the  units  are  located  on  existing  buildings.  This 
scheme,  if  it  can  be  utilized,  makes  the  installation 
comparatively  economical,  as  it  is  unnecessary  to  erect 
poles  for  the  placing  of  the  units.  The  wiring  can  be 
carried  to  the  projector  from  the  inside  of  the  building, 
where  it  will  be  entirely  out  of  reach  and  cannot  be  tam- 
pered with. 


Hi^ 


F    I    C.    12    — 

METHOD     OF 

INSTALLING 

UNITS   ON    POLES 


-PROJECTOR    SUSPKNDEn    FROM    CROSS 
ARM 


Fig.  I  and  7  are  views  in  a  pack- 
ing plant  district  where  a  systematic 
scheme  of  guarding  has  been  worked 
out.  At  strategic  points  throughout 
the  yards,  projector  units  have  been 
installed,  throwing  the  light  in  .such  a 
manner  that  every  nook  and  corner  is 
brightly  lighted  all  through  the  night, 
and  patrolling  made  as  easy  and 
thorough  as  in  the  day  time.  This  method  of  lighting 
has  in  many  cases  released  for  other  service  men  who 
have  been  doing  patrol  duty.  With  the  aid  of  flood  light- 
ing, one  can  guard  more  than  twice  the  area  he  could 
otherwise. 

Army  officers  who  have  had  the  opportunity  to  in- 
vestigate the  advantages  of  flood  lighting  for  bridges 
have  become  very  enthusiastic  over  this  particular  ap- 
plication. With  the  co-operation  of  railroad  companies, 
they  have  succeeded  not  only  in  cutting  down  the  guard 
force,  but  also  in  making  the  work  more  effective. 

A  practical  method  of  lighting  a  railroad  bridge  for 
protection  is  illustrated  in  Fig.  10.  The  projectors  are 
placed  on  tlie  concrete  piers  eight  feet  above  the  water 
line,  with  four  200-watt  units  on  each  side  of  the  bridge. 
An  area  150  feet  in  width  and  extending  the  full  dis- 
tance across  the  river,  about  1000  feet,  is  well  illum- 
inated. Boats  approaching  or  intruders  entering  the 
lighted  zone  are  easily  seen,  while  the  guards  stationed 
on  the  track  level  remain  in  darkness. 


Pi*otoc)iiDii  of  111 di(^ trial  PlniiU  I)y  Flood 
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THE  FIRST  question  that  is  raised  in  connection 
with  the  protection  of  an  industrial  plant  by 
l^ood  lighting  is  as  to  where  the  flood  light  pro- 
jectors should  be  located  to  insure  complete  protection. 
The  plan  shown  in  Fig.  i  is  the  actual  lay-out  of  an  in- 
dustrial plant  manufacturing  war  munitions.  The  entire 
fence  line  is  illuminated.  The  projectors  themselves 
are  located  about  60  feet  from  the  fence  to  prevent  any- 
one front  tampering  with  them  and  all  are  pointed  in 
the  same  direction.  The  guards  patrolling  the  property 
walk  with  their  backs  to  the  lights  and  wherever  pos- 
sible keep  out  of  the  light  entirely.  This  gives  the 
guards  every  advantage  over  a  trespasser.  In  addition 
to  illuminating  the  fence  line,  three  projectors  with  con- 
centrated beams  nf  light  are  installed  on  top  of  cnn\-en- 


K.  W.  Mack.\ll 
Illuminating  Engineer, 
Crouse  Hinds  Company 

with  the  light  at  his  back,  while  the  guards  would  be 
helpless  because  the  light  would  shine  directly  in  their 
eyes.  The  light  should  be  directed  toward  the  ap- 
proaches to  the  factory  and  the  guards  should  be  lo- 
cated behind  the  lights.  Fig.  3  shows  a  factory  yard 
illuminated  from  the  roof.  Such  an  installation  affords 
every  protection  to  the  plant,  since  the  guards  can  see  a 
trespasser  before  he  attempts  to  climb  the  fence.  Plants 
protected  in  this  manner  need  have  no  fear  of  mauraud- 
ers. 

One  of  the  tirst  things  that  must  be  determined  for 
any  flood  lighting  installation  is  the  area  that  a  pro- 
jector will  illuminate  at  any  given  distance.  First,  it 
must  be  understood  that  the  edge  of  the  beam  of  light 
of  incandescent  projectors,  using  i  lo-volt  light  sources, 


FIG.    I — AN    INDUSTRIAL    PLANT    PROI' 
The  three  searchlights  are  used 

ient  buildings  and  are  played  around  the  adjacent  coun- 
try. These  projectors  are  installed  in  watch  towers,  and 
are  of  the  pilot-house  control  type,  shown  in  Fig.  2, 
that  IS  they  may  be  revolved  at  will  and  can  be  elevated 
or  depressed  45  degrees  from  the  horizontal.  Connec- 
tions to  the  circuit  are  made  through  collector  rings. 

Some  plants  are  so  located  that  this  layout  cannot 
be  used,  for  instance  when  there  is  a  line  of  buildings 
along  ?.  railroad  track  or  along  a  street.  In  this  case,  one 
or  more  projectors  should  be  mounted  on  the  roofs  of 
the  buildings  and  directed  down  along  the  building  line. 
Better  results  are  obtained  if  the  projectors  are  mount- 
ed on  the  end  of  a  ten  foot  beam  which  projects  out 
over  the  track  or  street  as  the  case  may  be. 

In  protecting  a  plant  it  is  useless  to  install  the  pro- 
jectors at  a  distance  and  direct  the  light  toward 
the  buildings.  An  installation  of  this  kind  gives  a  tres- 
passer the  advantage  since  he  would  approach  the  plant 


'ERLY    PKOTECTED    WITH    FLOODLIGHTS 

to  cover  the  surrounding  country. 

is  not  sharply  defined.  For  purposes  of  modern  flood 
lighting  the  edge  of  the  beam  is  assumed  to  be  at  a  point 
at  which  the  intensity  falls  to  10  percent  of  the  maxi- 
mum intensity.  The  beam  of  a  projector  is  conical  and, 
therefore,  when  it  is  directed  perpendicularly  on  a  flat 
surface  a  circular  area  will  be  illuminated.  The  diame- 
ter of  this  circular  area  is,  therefore,  twice  the  tangent 
of  the  angle  s  multiplied  by  the  perpendicular  distance 
between  the  projector  and  the  object  to  be  illuminated. 
Thus,  in  Fig.  4,     L  =  2CE  x  tan  ^g 

When  the  beam  of  light  strikes  the  surface  at  an 
angle  other  than  the  perpendicular  an  elliptical  area 
will  be  illuminated.  Two  methods  will  be  given  for  find- 
ing the  dimensions  of  this  elliptical  area.  The  first  is 
an  exact  method,  and  the  second  is  a  close  approxima- 
tion, sufficiently  accurate  for  practical  purposes.  Refer- 
ring to  Fig.  5  let  AB  represent  a  flat  surface  on  which 
the  beam  of  light  is  directed,  the  projector  being  lo- 
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cated  at  C  at  a  perpendicular  distance  CD  from  sur- 
face AB  and  the  center  line  of  the  beam  of  light  mak- 
ing an  angle  »  with  the  surface  AB.  The  divergence  of 
the  beam  of  light  is  2/3.  The  distance  CD  and  the  angles 
0  and  f>  are  determined  for  each  installation.  It  is  de- 
_  ^  sired      to      find     the 

length  and  width  of 
the  ellipse  which  will 
be  illuminated,  also 
the  area  of  the  ellipse. 
The  necessary  formu- 
lae are  found  in  Fig. 
5.  When  the  angle  ^ 
is  less  than  ten  de- 
grees, as  it  nearly  al- 
ways is  in  flood  light- 
lighting  work,  the 
radical  1  7^-  can  be 
taken    as   equal  to 


In  order  to  determine  the  physical  properties  of  a 
parabolic  reflector,  the  curves  in  Fig.  6  are  useful. 
These  curves  can  be  used  for  finding  all  of  the  neces- 
sary dimensions  of  any  parabolic  reflector  used  in  flood- 
light projectors.  For  instance  to  find  the  properties  of  a 
16  inch  diameter,  2.75  inch  focus  parabola.  On  the  left- 
hand  set  of  ordinates  at  jioint  . /,  indicating  a  focal 
length  of  2.75  inches,  draw  a  horizontal  line  inter.sect- 
ing  the  16-inch  diameter  curve  at  B,  and  from  B  drop 
a  perpendicular  to  C,  thus  indicating  that  the  parabola 
is  5.87  inches  deep.  Now  on  the  right  hand  set  of  or- 
dinates at  point  D  indicating  2.75  inch  focal  length, 
draw  a  horizontal  line  intersecting  the  16  inch  diameter 
curve  at  point  E,  from  which  erect  a  perpendicular  to 
F  on  the  upper  scale  of  abscissae  thus  indicating  that 
the  angle  0  is  112  degrees.  Therefore,  the  total  angle 
which  the  edge  of  the  reflector  subtends  at  the  focal 
]ioint  is  224  degrees.  This  indicates  that  224  degrees  of 
the  total  360  degrees  of  light  is  useful  in  making  up  the 


FIG.    2 — 500-W.\TT    PILOT    HOUSE 
CONTROL  PROJECTOR 

cos.  d.     The  error  will  be  negli- 
gible in  all  practical  cases. 

The  second  method  is  a  scale 
method  and  is  used  as  follows  :— 
Let  AB  (in  Fig.  5)  be  the  sur- 
face; with  the  projector  at  C, 
draw  lines  CA  and  CB  enclos- 
ing angle  2^,  the  angle  of  diver-  ' 
gence    of    the    beam    of    light; 

also  draw  line  CE  representing  the  center  line  of  the 
beam  of  light.  AB  is  the  length  of  the  ellipse.  Through 
point  E  draw  a  line  GF  perpendicular  to  CE  and  from 
point  A  draw  AG  parallel  to  CE.  The  distance  GF  is  a 
close  approximation  to  the  width  of  the  ellipse.  When, 


FIG    4— DI.\GRAM    FOR    CALCULATING    THE    .\REA    LIGHTED    AT    RIGHT 
ANGLES  TO  THE  BEAM  OF  LIGHT. 

as  is  usual  in  this  work,  the  angle  is  small,  the  discrep- 
ancy is  slight.  The  width  obtained  is  less  than  the  ac- 
tual width,  and,  therefore,  all  calculations  made  by  this 
method  are  on  the  safe  side,  as  far  as  illumination 
values  are  concerned. 


11^,  3 — FACTORY  YARD  ILLUMINATED  FROM   ROdK 

le  500-\vatt  projector  used  with  spread  leii>. 

main  beam.  The  balance  of  the  light  is  useful  only  as 
side-rays.  If  the  line  FE  is  projected  to  cut  the  curve 
running  across  the  sheet  at  G,  and  a  horizontal  line  GH 
is  drawn  to  intersect  the  extreme  right  hand  set  of  or- 
dinates, it  will  indicate  that  68  percent  of  the  total  light 
flux  emitted  by  the  light  source  is  utilized  in  the  main 
beam.  This  set  of  curves  may  be  similarly  used  to  find 
the  physical  properties  of  any  parabolic  reflector  from 
6  to  20  inches  in  diameter,  having  a  focal  length  be- 
tween one  and  eight  inches. 

There  are  two  different  methods  of  finding  the  ill- 
umination values  on  an  area  illuminated  with  floodlight 
projectors.  The  point-by-point  method  is  tedious,  and 
is  a  refinement  that  is  usually  not  necessary  for  flood- 
lighting work.  This  method  recjuires  a  distribution 
curve  such  as  one  of  those  in  Fig.  7,  which  shows  the 
beam  of  light  when  the  lamp  is  located  at  the  focal  point 
of  the  reflector,  and,  when  the  lamp  is  moved  out  of 
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focus  to  spread  the  light  as  much  as  possible  without 
causing  a  black  spot  to  appear  in  the  center  of  the  beam. 
In  using  this  method  it  is  necessary  to  know  the  per- 
pendicular distance  CD  between  the  projector  and  the 
object  to  be  illuminated  and  the  angle  *  at  which  the 
center  rav  of  light  strikes  the  surface.  Then  calculate 
the  length  of  the  various  rays  of  light,  taking  one  degree 
steps,  unless  the  angle  at  which  the  light  strikes  the  sur- 
face is  very  acute,  in  which  case  it  is  often  necessary  to 
take  half  degree  or  even  quarter  degree  steps  to  insure 
sufficient  points.  After  reading  the  candle-power  values 
from  the  cur\  e.  the\-  should  be  divided  by  the  square  of 
the  lengths  of  the  corresponding  light  rays  in  feet.  This 


tlie  angle  of  the  beam  of  light  is  10  degrees  when  the 
lamji  is  focused  and  16  or  18  degrees  when  it  is  out  of 
focus.  This  refers  to  the  500  watt  type  of  projector  as 
it  exists  on  the  market  today.  These  projectors  have 
comparatively  deep  reflectors  which  utilize  from  60  to 
70  percent  of  the  light  source.  The  so-called  1000  watt 
projectors,  throw  a  wider  beam  of  light  owing  to  the 
larger  dimensions  of  the  lamp  filament.  With  these  pro- 
jectors the  angle  of  the  beam  is  about  16  degrees  when 
the  lamp  is  focused  and  20  degrees  wh^n  it  is  out  of 
focus.  After  having  determined  this  angle  of  the  beam, 
either  by  actual  test  or  by  assumption,  -it  is  necessary  to 
find  the  area  in  square  feet  which  a  beam  of  this  di- 
\ergence  will  illuminate  at  the  distance  at  which  the 
]irojector  is  located  from  the  object.  Assume  that  a  400- 
watt,  115  volt  lamp  is  used.  The  lamp  data  book  gives 
a  total  of  5920  lumens  for  this  lamp.  The  projector  in 
question  has  a  16-inch  diameter,  2.75-inch  focus  re- 
flector which,  from  Fig.  fi  uses  ()8  percent  of  the  total 


^L-AB'COftonfe  ^/Sj-  tan.(6-/5)] 

W'  LVTeT 
-  ^^-  Cccenrricity  of  Cl/jp^e 


/BO"/ 70' 160' ISO"' 

-fOVX 

/fnqle  (# 
'  110°  110' 100' 90°  BO' 

'0°  eO'  S0°  40'  30'  20' 

Jf,  °'o 

~~\ 

K 

; 

^ I-. 

, 

^ 

J 

-^ 

^^^^ 

$^ 

% 

~t;v^_ 

m-  — 

X  -J 

^ 

<:^  ~- 

<1 

_, 

■^          1 

^■ 

j 

■^^Wl 

< 

~^< 

5^ 

>C 

?i-,-^ 

; 

/  / 

[ 

1 

"K,\tH 

--^ 

'^^-»v. 

-<. 

-N^ 

i^>-; 

--  -±4:- 

-  -1 

/ 

^ 

> 

-."- 

\ 

^ 

^s^ 

:^     Z£. 

.1 

V  ^ 

j 

^.^ 

^v 

<^■^xxl  1 1 1 1 

1- 

1 

-S 

V^ 

sP-i\ 

vkV- 

n 

1 

V 

"n 

^5,3; 

rftv 

1 

!^' 

1/ 

\ 

\l  \ 

,N  \\  \ 

~^ 

/ 

s 

^  S  ^ 

\\\\\ 

W  \ 

1,  \  ^ 

/ 

4    s 

^A\\\V__  _ 

i 

\  \ 

f 

l!. 

— 

— 

--1\ 

\:\\\\V  - 

^, ' 

\\ 

\ 

\ 

^ 

M\ 

s  \\vivv  - 

«:^ 

U     ' 

\ 

. 

y 

\       \ 

\  \\\\\\ 

u 

\ 

v 

^ 

■fo    8   6 

■n  /i  io9f,r(, 

< 

Try 

\  . 

\ 

^ 

0/  7/  It  / 

ir  o//h/'ohao 

'h'.'h'^'^ 

«;'' 

u  rr  \ 

\ 

\1-^ 

^ 

\-  -I 

i  A_ 

\   N 

'''\ 

V 

4  i^ 

s 

\ 

^. 

^■v 

^ 

V  V  v^ 

^ 

\. 

'N 

^-^ 

•- 

^^^ 

4^ 

N    - 

-^ 

I ---    ^ 

~~^ 

1 

Vx 

~,^^^ 

- 

^ 

0      - 

--V- 

^^- 

4^ 

^" 

^i- 

■~r~ 

~t~-^^ 

:~- 

-:-^ 

-i; 

:  =  = 

=i;=; 

-=t= ^^_ 

^^ 

p'" 

r^ 

-^r 

=*= 

*3- 

^=^ 

L 

-^ 

-=!=;  =  = 

16 

■s^ 

0 

1  1   1 

—L 

-Jh- 

U 

e     7 

ot^  -^f\/% 

^ 

eta, 

1? 

/s    /«   /7    /e 

/\     10 

8  3 


FIG.    5 — C..\LCUL.ATION    OF    THE    AREA    LIGHTED    AT 
THE    LIGHT    BEAM 


A.\Y    ANGLE    TO 


will  give  the  normal  fool-candle  intensity  at  the  various 
points.  The  same  procedure  should  be  followed  for  the 
width  of  the  ellipse  and  the  average  of  the  values  across 
the  length  and  width  will  be  found  to  be  almost  the 
same. 

The  lumen  method  is  more  often  used  for  flood- 
lighting w^ork  and  while  it  will  not  give  the  intensitv 
at  any  given  point  it  will  give  the  average  intensity  of 
illumination  over  the  entire  area  covered  by  the  projec- 
tor. In  using  this  method  it  is  necessary  to  make  one 
assumption  or,  if  the  projector  is  available,  the  value 
may  be  obtained  by  test.  It  is  necessar_\-  to  know  the 
angle  of  the  beam  of  light,  which  may  be  measured  by 
throwing  the  light  on  a  wall  100  feet  distant  and  meas- 
uring the  diameter  of  the  circular  spot  illuminated.  If 
no  projector  is  available  it  is  reasonable  to  assume  that 


KIG.    6 — PHYSICAL    I'UorF.RTlES    OF    THE    I'ARADOLIC    REFLLCIOU 

light  of  the  lamp.  The  surface  of  the  reflector  is  pol- 
ished nickel,  which  has  a  coefiicient  of  reflection  of  64 
percent.  The  front  glass  has  a  transmission  of  92  per- 
cent, if  it  is  plate  glass,  and  85  to  88  percent  if  it  is 
commercial  heat  resisting  glass.  Therefore,  the  ttjtal 
lumens  emitted  by  the  lamp,  multiplied  by  these  per- 
centages equals  the  number  of  lumens  in  the  main 
beam  of  light ;  5920  X  0.68  X  0.64  X  0.92  =  2372 
lumens.  Counting  the  direct  rays  of  light  this  will  give 
roughly  2400  lumens.  The  projector  in  question  is  lo- 
cated at  a  perpendicular  distance  of  300  feet  from  the 
surface  illuminated  and  the  center  of  the  beam  makes 
an  angle  of  30  degrees  with  the  surface.  When  the  lamp 
is  located  at  the  focal  point  of  the  reflector  the  length 
of  the  ellipse  is  70  feet  and  the  width  is  61  feet  which 
gi\es  an  area  of  3345  square  feet.  Therefore,  the  num- 
ber of  lumens,  2400,  divided  by  the  area  gives  the  foot- 
candle  intensity,  2400  -^  3345  =  0.718  foot-candles. 
V.'hen  the  lamp  is  out  of  focus  the  spread  of  the  beam 
is  iS  degrees.  The  length  of  the  ellipse  is  128  feet,  the 
width  is  no  feet  and  the  area  is  roughly  11  050  square 
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FIG.     7 — DISTRIBUTION    CURVE    OF    A     16-INCH 
2.7s   INCH    FOCUS   PROJECTOR 

Equipped  with  a  soo-watt,  115  volt,  focus 
type,  flood  light  lamp. 


feet.  Therefore,  the  intensity  will  be  2400  -^-  11  050  = 
0.217  foot-candles.  This  method  can  be  followed  for  any- 
type  of  projector  and  lamp.  It  does  not,  however,  take 
into  consideration  the  absorption  of  the  atmosphere, 
which  varies  considerably.  On  foggy  nights  it  is  almost 
impossible  to  get  light  through  the  air. 

There  is  a 
wide  field  for 
projectors  for 
night  construc- 
tion work,  but 
here  again  flood- 
light projectors 
are  a  help  only 
when  properly 
installed.  For 
outdoor  work  at 
night  very  little 
light  is  required, 
the  wattage  per 
square  foot  run- 
ning as  low  as 
0.03  to  0.05 
watts.  This 
means  that  a 
1000  watt  pro- 
jector will  illum- 
inate  from 
35  000  to  20000 
square  feet  and  there  are  some  installations  where  the 
wattage  per  square  foot  will  be  even  less  than  this.  It 
is  of  prime  importance  for  this  class  of  work  that 
every  possible  precaution  should  be  taken  to  keep  the 
glare  out  of  the  eyes  of  the  work- 
man. Projectors  should  be  installed 
on  poles  50  to  60  feet  in  the  air.  In 
this  work  the  men  are  usually  locat- 
ed within  five  hundred  feet  of  the 
projector  and  therefore,  it  should 
be  designed  so  that  a  wide  angle 
beam  of  light  will  be  given.  Most 
projectors  make  use  of  parabolic 
reflectors  which  tend  to  confine  the 
rays  of  light  to  relatively  small 
angles.  Therefore,  the  rays  of  light 
should  be  spread  or  diffused  over  a 
wider  angle.  This  accomplishes  two 
results:  it  lessens  the  glare  by  re- 
ducing the  center  intensity  of  the 
beam  and  also  throws  the  light  over 
a  greater  working  territory.  A  good 
diffusing  glass  is  shown  in  Fig.  9. 
This  glass  has  a  very  high  trans- 
mission, 85  to  88  percent  and 
spreads  the  light  over  a  solid  angle  of  40  degrees. 
There  are  many  cases  where  it  is  desirable  to  spread 
the  light  in  one  direction  only.  This  may  be  ac- 
complished by  the  use  of  spread  lenses  such  as  that 
shown  in  Fig.   10.  Such  a  lens  consists  of  a  series  of 


plano-concave  lenses  running  the  entire  length  of  the 
front  glass.  When  the  lenses  are  turiied  vertically  the 
light  is  spread  in  a  horizontal  direction.  The  spread  lens 
may  be  turned  at  will  so  as  to  spread  the  light  in  any 
direction.  These  spread  lenses  will  also  be  found  very 
advantageous  for  the  illumination  of  bridge  piers,  fence 
lines,  etc.  They  may  be  obtained  to  give  varying  degrees 
of  divergence,  but  the  most  useful  are  those  which  in- 
crease the  natural  divergence  of  the  beam  by  10  degrees. 

There  are  two  separate  fields  for  projectors,  which 
to  a  certain  extent  overlap.  One  type,  Fig.  11,  gives  a 
long,  narrow,  penetrating  beam  of  light,  which  will  il- 
luminate objects  500  to  1500  feet  distant,  and  the  other 
type  Fig.  12,  is  used  to  illuminate  comparatively  large 
areas  located  within  500  or  600  feet  of  the  projector. 
A  certain  definite  amount  of  light  is  emitted  by  a  given 
incandescent  lamp  and  there  is  no  way  by  which  a  pro- 
jector can  increase  this  amount  of  light.  All  that  can 
be  done  is  to  increase  the  candle-power  in  certain  di- 
rections, by  using  reflectors  which  intercept  the  rays  of 
light  emitted  by  the  lamp  and  redirect  these  rays  of  light 
along  a  predetermined  path.  The  wider  angle  beam  of 
light  obtained  with  the  1000-watt  projectors  is  due  to 
the  fact  that  the  light  source  is  much  larger  than  in  the 
500-watt  projectors.  The  dividing  line  between  the  two 
fields  for  projectors  is  roughly  between  the  500-watt 
projectors  and  the  looo-watt  projectors,  the  former  us- 
ing focus  type  lamps,  the  filaments  of  which  are  coiled 
in  a  small  space,  while  the  latter  uses  regular  filament 
lamps  which  have  much  larger  filament  dimensions. 

The  two  different  types  of  projectors  referred  to 
have  entirely  different  fields  of  application  and  this 
should  be  borne  in  mind  when  selecting  a  projector. 


FIG.    8— FACTORY    YARD    FLOODLIGHTED 

To  expedite  the  handling  of  raw  materials  at  night. 

The  500-watt  projector  can  be  equipped  with  either  a 
spread  or  a  diffusing  lens  to  throw  a  wider  beam  of 
light  and  when  so  equipped  two  500  watt  projectors  are 
usuallv  better  than  one  1000  watt  projector,  because  the 
control  of  light  is  better.  With   115-volt  incandescent 
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lamps  used  in  the  500-watt  projectors  the  divergence  of 
the  beam  of  light  is  from  eight  to  ten  degrees  when  the 
lamp  is  placed  at  the  focal  point  of  the  reflector,  and  by 
moving  the  lamp  until  the  filament  is  slightly  out  of 
focus  this  angle  of  divergence  is  increased  to   18  de- 


-^ui^ 


I 


that  the  projector  cannot  be  used  on  another  job  re- 
quiring a  ditferent  angle  of  divergence,  nor  is  it  possible 
to  spread  the  beam  of  light  in  one  direction  only  for  il- 
luminating long  narrow  areas. 

3 — The  most  satisfactory  method  to  obtain  control 
of  light  is  to  put  lenses  in  place  of  the  usual  plane  front 
glass.  This  method  has  all  the  advantages  of  the  other 
methods,  and  has  the  further  added  advantage  that  it  is 
only  necessary  to  purchase  a  new  lens  when  it  is  desired 
to  change  the  divergence  of  the  beam.  With  this  method 
also,  lenses  may  be  secured  which  spread  the  rays  of 
light  in  one  plane  only. 


FIG.    I)      II  N^      I  I  INSTRUCTED     OF 
MINUTE    PRISMS 

Which  spread  the  light  in  all 

directions   over   a   solid   angle 

of   40   degrees. 


Fin.    10 — LENS      CONSISTING      OF 

SERIES     OF     PLANO-CONCAVE 

LENSES 

Ground        vertically        which 
spread    the    light    in    a    hori- 
zontal  direction. 


grees.  If  the  lamp  is  moved  too  far  out  of  focus  a  black 
spot  will  appear  in  the  center  of  the  beam  and  this,  of 
course,  should  be  avoided. 

If  the  light  has  to  travel  any  great  distance  the 
angle  of  divergence  should  be  kept  as  small  as  possible 
in  order  that  the  light  may  be  of  sufficient  intensity  to 
illuminate  the  object.  If  the  object  to  be  illuminated  is 
comparatively  close  to  the  projector,  say  within  500 
feet,  it  is  desirable  that  the  angle  of  the  beam  of  light 
be  greater  than  18  degrees.  Wide  angle  illumination 
can  be  secured  in  any  one  of  the  three  following 
ways : — 

I — Using  lamps  of  larger  filament  dimensions. 

2 — Modifying  the  shape  of  the  reflector. 

3 — Using  front  lenses  which  spread  the  light  in  any  desired 
direction. 

I — It  is  impractical  to  use  special  lamps  with  fila- 
ment dimensions  other  than  standard  because  they  can- 
not be  obtained  f roin  the  lamp  manufacturers  except  on 
special  order,  which  means  delay  and  high  prices,  and 
also,  if  the  light  source  is  too  extended  the  image  of  the 


1 1 — 500-WATT        FLOOD- 
LIGHT PROJECTOR 


lOOO-WATT       FLOOD- 
LIGHT  PROJECTOR 


filament  will  be  plainly  seen  in  the  beam  of  light,  re- 
sulting in  alternate  light  and  dark  areas. 

2 — It  is  possible  to  modify  the  shape  of  the  reflect- 
or so  as  to  obtain  a  beam  of  light  of  any  predetermined 
angle  of  divergence,  but  this  is  open  to  the  objection 


LAMP    FOCUSED — NATURAL   DI- 
VERGENCE  10  DEGREES 


LAMP   OUT   OF    FOCUS — NATURAL 
DIVERGENCE    l8   DEGREES 


e 


FIG.    13 — PLANE    FRONT    GLASS 

Area  240  square  feet.  Relative 
intensity  10  foot-candles. 


FIG.    14 — PLANE    FRONT    GLASS. 

Area  779  square  feet.  Relative 
intensity  3.08  foot-candles. 


FIG.    15 — SPREAD    FRONT  GLASS 

Area  481  square  feet.  Relative 
intensity  s  foot-candles. 


FIG.    16 — SPREAD   FRONT   GLASS 

Area    1236   square    feet.   Rela- 
tive intensity  1.94  foot-candles. 


FIG.    17 — DIFFUSING  FRONT 
GLASS 

Area  3524  square  feet.  Rela- 
tive intensity  0.68  foot-candles. 


FIG     18 — DIFFUSING    FRONT 
GLASS 

Area   3S48   square   feet.   Rela- 
tive   intensity   0.624   foot- 
candles. 


The  beam  of  light  produced  by  a  parabolic  reflector 
is  conical  and,  therefore,  when  it  is  directed  perpendic- 
ularly on  an  object,  a  circular  spot  will  be  illuminated. 
Figs.  13  and  14  show  the  circular  areas  illuminated  by 
a  16-inch  floodlight  projector,  using  a  400-watt,  115-volt 
lamp,  located  100  feet  away  from  the  object.  When  the 
lamp  filament  is  at  the  focal  point  of  the  reflector,  Fig. 
13,  an  area  of  17.5  feet  in  diameter  (10  degrees  diver- 
gence), having  an  area  of  240  square  feet,  is  illumi- 
nated, and  when  the  lamp  is  moved  out  of  focus  slightly. 
Fig.  14,  the  beam  is  spread  and  the  diameter  of  the 
area  is  31.5  feet  (18  degrees  divergence)  giving  an  area 
of  779  square  feet.  These  dimensions  are  for  the  pro- 
jector located  100  feet  away  from  the  object  illuminated. 
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If  the  projector  is  located  200  feet  away  the  diameter 
of  the  spot  will  be  doubled  and  the  area  in  square  feet 
will  be  four  times  the  dimensions  for  100  feet.  In  other 
words,  the  diameter  of  the  circular  area  varies  directly 
with  the  distance  between  projector  and  the  illuminated 
object,  and  the  area  illuminated  varies  directly  as  the 
square  of  the  distance. 

There  are  many  cases,  however,  where  a  beam  of 
light  is  desired  that  will  illuminate  a  long,  nari-ow  area, 
such  as  a  fence  line,  bridge  piers,  long  and  narrow  sign- 
boards, etc.  In  such  cases  the  spread  lens  shown  in  Fig. 
10  can  be  used  to  advantage.  Projectors  equipped  with 
this  lens  illuminate  an  elliptical  area,  as  shown  in  Figs. 
15  and  16.  Such  a  spread  lens  changes  the  spread  of  the 
beam  in  one  direction  only.  When  the  lamp  is  focused, 
Fig.  15,  the  width  of  the  ellipse  is  17.5  feet  (10  degrees 
divergence)  and  the  length  is  35  feet  (19  degrees  di- 
vergence), giving  an  area  of  481  square  feet.  By  mov- 
ing the  lamp  out  of  focus,  Fig.  16,  the  width  of  the 
ellipse  is  increased  to  31.5  feet  (18  degrees  divergence) 
and  the  length  to  50  feet  (28  degrees  divergence),  giv- 
ing an  area  of  1236  square  feet. 


FIG.    10 — OVERLAPI'ING    CIRCLES    TO   GIVE    UNIFORM    1LLUMIX.\TI0X 

At  times  the  floodlight  projector  must  be  located 
close  to  the  object  to  be  illuminated  and  it  is,  therefore, 
necessarx  to  have  a  beam  of  light  of  very  wide  di\-er- 
gence.  A  diffusing  lens  such  as  that  shown  in  Fig.  9 
will  meet  this  condition.  Figs.  17  and  18,  show  the  il- 
luminated areas  obtained  by  using  this  diffusing  lens. 
When  the  lamp  is  at  the  focal  point,  Fig.  17,  the  dia- 
meter of  the  circular  spot  is  67  feet  (37  degrees  di- 
vergence) giving  an  area  of  3534  square  feet,  and  when 
the  lamp  is  slightly  out  of  focus.  Fig.  18,  the  diameter 
is  72  feet  (40  degrees  divergence),  giving  an  area  of 
3848  square  feet.  It  should  be  borne  in  mind,  of  course, 
that  when  the  area  illuminated  becomes  larger,  the  in- 
tensity of  illumination  becomes  less  in  the  same  pro- 
portion. Therefore,  when  a  long  range  light  is  desired, 
the  projector  should  have  a  clear  plate  glass  in  the  front 
door. 

In  illuminating  with  floodlight  projectors,  it  is,  of 
course,  necessarv  to  overlap  the  beams  of  light  slightly 


in  order  to  cover  the  entire  surface  since  the  area  il- 
luminated by  each  projector  will  be  either  circular  or  el- 
liptical. The  beams  of  light  should  be  overlapped  in  the 
manner  shown  in  Fig.  19  where  the  beams  of  light  are 
directed  perpendicularly.  If  the  beams  are  directed  at 
an  angle,  the  ellipses  should  be  made  to  overlap  as 
shown  in  Fig.  20.  The  overlapping  of  the  beams  of  light 
in  this  manner  also  gives  more  even  illumination. 

Reflectors  for  flood  light  projectors  are  made  of 
various  materials  ranging  through  glass,  silver  plate, 
nickel  plate  and  alumium.  It  is  natural  that  the  coef- 
ficient of  reflection  or  the  efticiency  of  these  reflectors 
should  vaiy  considerably.  The  following  data  are  gixen 
by  Mr.  W.  F.  Little*. 

Coefficient  of 
Reflection 

Crystal  Glass 83 

I'raninm  Glass 79 

Silver  Plate qo 

iXickel  Plate 64 

-Muminnni 67 

Silver  i)late  has  the  highest  coefticient  of  reflection, 

but  is  opened  to  the  very  serious  disadvantage  that  il 
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tarnishes  \  ery  ra])idly,  and  inside  of  six  to  nine  months 
of  operation  its  coefficient  of  reflection  is  much  less  than 
both  nickel  plate  and  aluminum.  Nickel  plate  seems  to 
be  the  best  all  around  surface  for  metallic  reflectors, 
since  the  depreciation  of  the  reflecting  surface  is  much 
less  than  that  of  other  metals.  Glass,  of  course,  is  the 
best  of  all  reflectors  provided  the  reflective  backing  and 
the  protective  backing  are  properly  applied,  so  as  to  ex- 
clude air  and  moisture  from  the  reflecting  surface.  The 
chief  objection  to  glass,  however,  is  that  the  cost  is 
much  higher  than  metallic  reflectors.  In  the  larger  sizes 
the  cost  of  glass  reflectors  is  almost  prohibitive  for  flood 
light  work,  and  up  to  the  present  time  no  glass  reflector 
laro-er  than  i6  inches  in  diameter  has  been  used  in  flood 
light  projectors. 


*0f  the  Electrical  Testing  Laboratories,  in  his  i)a|)cr  at  the 
lecture  course,  held  at  the  University  of  Pennsylvania,  in  con- 
junction with  the  Illuminating  Engineering  Society. 
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Samuel  G.   Hiiir.KN 

Illuminating  Engineer, 

The  Wcstinghousc  Lamp  Company 


FLOOD  LIGHTING  has  now  taken  its  position 
with  those  other  forms  of  lightinjj  that  have  been 
tested  and  found  worthy  of  permanent  adoption. 
It  cannot,  however,  do  everything.  It  is  not  a  substitute 
for  street  Hghting,  nor  is  it  practical  for  the  ilhimination 
of  every  outdoor  object.  Seldom,  too,  can  it  be  used, 
strictly  as  such,  for  interior  illumination  of  factories  or 
auditoriums.  As  much  engineering  skill  is  required  to 
adapt  it  properly  to  the  varied  conditions  of  service  as 
is  required  to  plan  an  installation  of  office  lighting,  or 
accomplish  the  decorative  illumination  of  a  residence. 

Certain  fields  are  preeminently  ada]ited  to  such 
lighting.  Monuments  or  statues,  can  be  presented  at 
night  in  their  full  beauty  by  no  other  lighting  means, 
and  this  field  is  large  and  undeveloped.  Building  fronts, 
of  terra-cotta  or  light  stone  finishes,  also  justify  the  use 
of  flood  lighting;  and  certain  natural  wonders,  water- 
falls and  the  like,  take  on  a  beauty  under  the  beams  of 
flood  lighting  that  daytime  illumination  never  will  equal. 
There  always  will  be  a  certain  use  of  flood  lighting 
for  special  decorative  effects,  for  municipal  Christmas 
trees,  for  example.  It  is  also  hoped  the  field  of  outdoor 
pageant  lighting  will  develop.  Here  indeed  is  an  oppor- 
tuiiity  to  put  flood  lighting  through  all  of  its  paces,  to 
the  health  and  pleasure  of  many  spectators.  Another  of 
the  permanent  applications  is  the  illumination  of  ]jlay 
grounds,  beaches  and  parks,  to  prolong  the  daytime  and 
playtime  periods. 

One  of  the  important  applications  of  flood  lighting, 
at  the  present  time,  is  for  the  protection  of  propert}'.  In 
the  industrial  centers  many  of  the  manufacturing  plants 
find  themselves  with  exposed  vulnerable  points  which 
are  so  vital  that  injur}'  to  them  would  cripple  the  entire 
plant  and  result  in  large  financial  losses.  Similar  condi- 
tions exist  along  railways  and  canals,  and  at  certain 
places  in  power  transmission  lines,  and  at  water  reser- 
voirs of  cities,  the  munition  warehouses  and  arsenals  of 
the  Government.  All  such  places  must  be  policed  and 
guarded,  for  the  surest  way  to  prevent  trouble  is  to 
anticipate  it.  In  protecting  these  properties  flood  lighting 
appliances  become  a  valuable  aid. 

Flood  lighting  for  police  duty  may  be  classified  into 
the  following  divisions  : — 

( iuarding  railway  bridges,  piers  and  tunnels. 
Lighting  approaches  to  industrial  plants,  especially 
river  banks  and  railway  yards. 

Protecting  canal   locks  and   reservoirs. 
Guarding  city  water  supplies,  pumping  ]ilants,  res- 
ervoirs and  filtration  beds. 

Policing  power  transmission  lines,  transformers 
and  terminal  stations,  towers,  etc. 

Lighting  docks,  piers  and  shipping  terminals. 


Protecting  oil  wells  and  tanks,  and  inflammable  ma- 
terials. 

Guarding  wareh(juses,  arsenals  and  storage  spaces. 

Lighting  wireless  telegraph  towers  or  other  vital 
points  in  communication  lines. 

The  requirements  for  each  particular  location  may 
be  different  in  detail,  but  usually  the  following  facts 
will  be  apparent  from  a  study  of  any  properly  installed 
protective  flood  lighting  system. 

More  than  one  lighting  unit  is  useful,  particularly 
in  the  flood  lighting  of  bridge  piers  or  buildings,  as  will 
be  easily  apparent  when  considering  the  dense  shadows 
that  an  object  in  the  beam  of  a  single  unit  will  cast. 
Two  reflectors  are  usually  emplo\ed,  and  spaced  at 
quite  a  large  distance  apart.  .V  typical  installation  for 


Dark  Shadow 


J-IC.    I — PL.\X     OF    A    TYI'1C,\L    IIRIDGE    INSTALLATION 

Showing  two  reflectors  mounted  on  the  hank  of  the  river, 

bridge  protection  is  shown  in  plan  in  Fig.  i,  where  a 
duplicate  pair  of  reflectors  is  located  on  the  opposite 
bank,  one  half  of  the  bridge  only  being  shown.  If  a 
single  unit  were  used  in  this  and  similar  cases,  or  if 
the  two  were  close  together,  it  is  probable  that  an  area 
of  shadow  i^  or  T  might  reach  across  the  stream,  or 
far  enough  out  from  the  jiiers  to  make  night  guarding 
difficult. 

It  is  best  to  place  the  reflectors  so  that  the  guards 
will  be  in  comparatixe  darkness,  or  so  that  there  may 
be  areas  of  shadow  in  which  observers  may  stand  or 
walk,  both  for  their  own  protection  and  also  because 
there  is  a  certain  amount  of  diffused  light  or  back-glare 
from  brightly  lighted  olijects  in  the  near  foreground  in 
the  path  of  a  beam,  which  makes  seeing  difficult.  The 
observer  will  be  able  to  see  more  clearly  at  some  con- 
siderable distance  from  the  light  source. 

Wherever  possible,  lighting  units  should  be  placed 
high  above  the  ground,  as  on  poles  or  the  roofs  of 
neighboring  buildings.  A  low  position  will  naturally  re- 
sult in  long  shadows,  exaggerating  the  size  of  every  ob- 
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ject  ill  the  field,  and  offering  shelter  to  prowlers.  A 
typical  installation  illustrating  this  is  shown  in  Fig.  2. 
Here  it  was  desirable  to  illuminate  the  surroundings  of 
a  pumping  station  at  the  river's  edge.  The  unit  was 
mounted  on  the  top  of  a  lightmg  pole  about  thirty  feet 
above  the  ground,  and  a  thousand  feet  away  from  the 
building.  One  looo  watt  lamp  was  used,  and  the  pump- 
ing station,  the  railway  yard  and  the  river  bank,  were 
well  lighted.  In  this  case,  for  the  further  protection  of 
the  river  bank,  several  additional  units  were  similarly 
mounted,  each  about  one  thousand  feet  apart  and  all 
pointed  in  the  same  direction. 

The  problem  of  police  lighting  a  large  reservoir  is 
slightly  different  from  such  a  one  as  shown  in  Fig.  2. 
In  protecting  the  water  from  poisons,  as  well  as  the 
banks  and  valves  from  tampering,  it  is  necessary  to  il- 
luminate to  a  low  intensity  the  entire  banks,  often  many 
hundred  feet  in  length,  and  relatively  narrow.  Many 
small  units,  with  narrow  angle  reflectors,  will  best  solve 
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With    1000    watt    units    mounted    on    poles    near    the    pumping 
station  of  the  Pressed  Steel  Car  Company  of   Pittsburgh. 

this  problem,  though  care  must  be  exercised  to  mount 
them  where  they  will  be  inconspicuous,  since  most  sur- 
roundings of  reservoirs  are  handsomely  cultivated  as 
public  parks.  In  most  classes  of  protective  flood  light- 
ing, the  appearance  feature  does  not  enter  into  the  prob- 
lem. 

So  many  varieties  of  flood  lighting  units  are  avail- 
able that  it  is  difficult  to  give  definite  ranges,  or  illu- 
minated areas,  for  use  in  laying  out  a  policing  system. 
Usually,  throws  of  over  fifteen  hundred  feet  are  not 
satisfactory,  though  much  greater  distances  are  feasible 
with  this  class  of  flood  lighting  than  in  such  cases  as 
building  lighting,  for  instance,  because  the  intensity  of 
illumination  need  be  only  about  one-tenth  of  a  foot- 
candle.  One  400  watt  concentrated  filament  lamp  in  a 
parabolic  reflector  is  ample  for  the  illumitration  of  a 
bridge  pier  or  a  canal  lock  at  a  distance  of  500  feet. 

The  reflector  is  the  vital  point,  and  if  this  and  the 
ventilation  is  correct,  then  the  housing  details  are  large- 


Iv  inconsequential.  Metal  reflectots,  because  of  their 
shape  in  intercepting  a  wide  angle  of  light,  are  more 
efficient  but  are  subject  to  rapid  deterioration  from  tar- 
nishing and  should  never  be  used  where  they  cannot  be 
given  frequent  attention.  The  type  using  Mangin  mir- 
ror or  a  silvered  glass  reflector  of  similar  shape,  is  not 
of  itself  an  efficient  unit,  but  is  the  design  best  adapted 
to  standard  Mazda  lamps  of  large  wattages  (not  hav- 
ing the  special  filament  concentration  of  the  200  or  400 
watt  flood  light  lamps),  and  is  the  type  requiring  least 
attention  in  service. 

Lamps  with  a  concentrated  filament,  especially  de- 
signed for  flood  lighting  .service,  where  a  particularly 
well  controlled  beam  of  light  is  wanted  with  a  minimum 
dispersion,  are  as  follows : — 

Mazda  C  Flood  Lighting  Lamps,   1 10-125  Volts 
Watts    Lumens     Bulb        Length  Base  List  Price 

200  2646  G-30  5-%  Medium  Screw  $2.70 

400  5012  G-40  7-%  Mogul  Screw  4.50 

The  standard  gas-filled  Mazda  lamps  are  also  being 
used  in  those  designs  of  reflectors  where  the  larger 
wattage  lamps  may  burn  tip  downward,  or  with  specially 
anchored  filaments,  for  horizontal  burning.  The  sizes 
commonly  are : — 

Standard  Mazda  C.  Lamps,  1 10-125  Volts 

Watts  Lumens     Bulb  Length  Base                    List  Price 

200  2922      PS-30  8-%  Medium    Screw                 $2.00 

300  4833      PS-3S  9-%  Mogul  Screw 

400  6128      PS-40  ID  Mogul  Screw 

500  8055       PS-40  10  Mogul  Screw 

750  12735       PS-52  13-%  Mogul  Screw 

1000  17950      PS-52  13-%  Mogul  Screw 

In  a  large  number  of  industrial  plants  the  flood 
lighting  units  are  held  in  reserve  at  important  entrance 
points  to  serve  in  time  of  labor  troubles.  Such  units  par- 
ticularly should  be  accessible  and  mobile. 

Another  important  application  of  protective  flood 
lighting  is  its  use  as  an  aid  to  fire  fighting.  Every  fire  de- 
partment should  be  equipped  with  at  least  two  power- 
ful reflectors  of  light  weight,  used  as  part  of  their  ma- 
chines if  battery  power  is  available,  or  if  not,  then  pro- 
vided with  extension  cord  for  connecting  to  power 
lines  wherever  feasible.  Such  reflectors  will  demonstrate 
their  worth  at  almost  everj'  night  fire. 

The  vessels  that  the  Government  is  building  for 
transportation  of  supplies  will  have,  in  addition  to  die 
regular  lighting  equipment,  some  form  of  flood  lighting 
projectors  suitable  for  dock  illumination,  giving  a  wider 
spread  of  beain  than  that  of  the  usual  search-light.  It 
is  easy  to  see  how  greatly  these  projectors  will  facilitate 
docking  and  lightering. 

Certain  protective  flood  lighting  installations  will 
probably  be  discontinued  at  the  end  of  the  war,  but  the 
advantages  of  this  means  of  illumination  and  the  as- 
sistance it  renders  in  guarding  property  will  have  been 
so  well  demonstrated  by  that  time,  that  many  installa- 
tions will  become  permanent.  The  maintenance  cost  is 
almost  negligible,  whereas  the  value  of  adequate  pro- 
tective lighting  for  the  moment  of  emergency  may  be  al- 
most incalculable. 
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CoppTjr  Loss 

E.  G.  Reed 


THE  COPPER  LOSS  of  a  transturmer  is  the 
energy-  loss  in  the  copper  when  the  transformer 
is  loaded.  It  may  be  considered  as  being  com- 
posed of  two  parts : — First,  the  loss  which  is  the  product 
of  the  square  of  the  current  flowing  in  the  windings  and 
the  resistance  of  the  windings  (I^R)  ;  second,  the  eddy 
current  loss  in  the  conductors  due  to  the  leakage  mag- 
netic flux  passing  through  the  conductors  of  the  wind- 
ings. 

The  PR  copper  loss  is  a  simple  matter  of  calcula- 
tion when  the  resistance  of  the  windings  and  the  cur- 
rent values  for  which  the  copper  loss  is  required  are 
known.  It  is  usual  to  specify  the  PR  copper  loss  of  a 
transformer  at  normal  rated  load  and  at  some  definite 
temperature. 

CALCULATION  OF  THE  COPPER  LOSS. 

The  current  to  be  used  in  calculating  the  PR  cop- 
per loss  in  a  winding,  is  the  watt  rating  of  the  trans- 
former, divided  by  the  voltage  of  the  particular  wind- 
ing involved.  The  following  relations  will  be  found 
useful  in  calculating  the  resistance  of  transformer  wind- 
ings. 

The  resistance  7?  of  a  copper  conductor  at  25  de- 
gress C.  may  be  expressed  as  follows, — 


.(/) 


Where  /  is  length  in  thousands  of  feet  and  q  sec- 
tional area  in  square  inches. 

Example :— What  is  the  -resistance  at  25  degrees  C.  of  a 
copper  conductor  5320  feet  long,  which  has  a  sectional  area 
of  0.1 1  sq.  in.     From  equation  (i), — 

A  =  D.ooAjo^  X  j-^  =  o.,/  ohms. 

The  fundamental  relation  between  the  resistance  of 
a  copper  conductor  and  its  temperature  is, — 

A',   =  A'„  (/  -I-  o.no42jt,) (,) 

Where  i?(,  is  the  resistance  of  the  conductor  at  zero 
C.  and  i?j  is  its  resistance  at  t^  degrees  C.  For  some 
other  temperature  R.,  equation  (2)  may  be  rewritten 
as  follows, — 

R,  =  A>,  (/  -i-  0.0042J  I,) 

Combining  the  last  two  equations, — 

A-,   -  3J4.2  +  t, 0) 

Example: — If  a  conductor  has  a  resistance  of  0.4  ohms  at 
25  degrees  C,  what  is  its  resistance  at  75  degrees  C.  By 
equation   (3), — 

r,    _  -3-/-2  4-  75 
■  ~  jj^.j  _j.  p-  X  0.4  =  o.iyy  o/niis. 

It  is  often  useful  to  think  of  the  resistance  of  a 
transformer  as  being  all  in  the  high-voltage  or  all  in  the 
low-voltage  winding.  In  this  case,  the  value  is  called 
the  equivalent  resistance,  and  is  defined  as  the  quantity 
which,  when  multiplied  by  the  square  of  the  current  in, 
say,  the  high-voltage  winding  of  the  transformer,  will 
give  the  total  PR  loss.  The  equivalent  resistance  may 


also  be  the  value  which,  when  multiplied  by  the  square 
of  the  current  in  the  low-voltage  winding,  will  give  the 
total  PR  loss  in  the  transformer.  The  expression  for 
the  equivalent  resistance  R,  referred  to  the  high-tension 
winding,  may  be  obtained  in  terms  of  the  resistance  of 
the  separate  windings  as  follows.  The  total  PR  loss  is, — 
/,-A'  =  /,^A',    +-  /.,-A\ 

Where  /;  and  I„  are  the  currents  in  the  high  and 
low-voltage  windings  respectively,  and  R^  and  R^  are 
the  resistances  of  these  windings.  The  last  equation  may 
be  written, — 

R  =  A\  +  (j^)    A',  Init  -J-  =  r. 

That  is  r  is  the  ratio  of  the  high-tension  to  the  low- 
tension  voltage,  therefore 

^  =  A-,  +r'  /?,_ (4) 

Example: — What  is  the  equivalent  resistance  of  a  trans- 
former, as  related  to  the  high-tension  winding,  if  it  has  a 
ratio  of  2200  to  220  volts  or  a  10  to  i  ratio,  a  primary  re- 
sistance of  0.43  ohms  and  a  secondary  resistance  of  0.0055 
ohms.     From  equation  (4), — 

/?  =  0.7.?  +  in-    ■'  0.0055  =  o.qS  o/iiiis. 
If  this  transformer  has  a  rating  of  50  k.v.a.,  the 
total  PR  copper  loss  will  be 


X  o.gS  =  , 


RELATION   BETWEEN  THE  CURRENT  DENSITY  AND  THE  I=R 
WATTS  LOST  PER  POUND 

For  the  purpose  of  computation,  the  PR  copper 
loss  may  be  thought  of  as  being  the  product  of  the  loss 
per  pound  of  copper  W^  and  the  total  weight  of  cop- 
per in  the  transformer  Gc.  Then  by  definition : — 

"■•  =  ^ 

The  relation  between  the  weight  of  a  conductor,  its 
length  in  thousand  feet  and  its  sectional  area  in  square 
inches  is  given  as  follows, — 

G,  =3^54''] b") 

Substituting  in  the  equation  above  for  W^,  the  value 
of  R  from  equation  (i)  and  Gc  from  equation  (5),  we 
have,  since  the  current  densit}-  in  amperes  per  square 

inch  is  /d  =  — 
1 

7,1  =  tSi.o     li\  "  "•  for  2.5  degrees  C (o) 

Examples : — What    is    the    weight    of    a    conductor    which 
has  a  length  of  532  feet  and  a  sectional  area  of  o.  11  sq.  in.? 
From   equation    (5), — 

Cc  =  3S54  X  O.SS2  X  0.11  =  j.'j;.^  /ds. 
What  current  density  in  a  conductor  will  give  an  TR  loss 
of  4  watts  per  pound  at  25  degrees  C.  ? 
From  equation  (6), — 

Ai  =  6S/.0  (y)"-^  =  1362  amperes  per  sq.  in. 

EDDY-CURRENT  LOSS  IN  A  CONDUCTOR  OF  RECTANGULAR 
CROSS-SECTION 

The  relation  between  the  thickness  of  a  copper  con- 
ductor at  right  angles  to  the  direction  of  a  magnetic 
field  and  the  resulting  eddy-current  loss  per  cubic  inch, 
or  per  pound  of  the  conductor,  is  developed  as  follows: 
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A  portion  of  a  conductor  is  shown  in  Fig.  i,  looking  at 
it  in  the  direction  of  the  leakage  flux.  If  its  thickness 
i  is  negligible  in  comparison  with  its  length,  the  current 
may  be  assumed  to  be  flowing  parallel  with  the  length 
of  the  conductor,  and  in  opposite  directions  on  either 


FIG.    I— SECTIOS  OF  TR.VXSFOKMER   CONDUCTOR 

In  the  direction  of  the  leakage  flux. 

side  of  the  center  line.  It  will  be  assumed  that  the  eddy 
currents  are  small  enough  so  that  their  magnetizing  ef- 
fect may  be  neglected.  The  e.m.f.  in  the  .small  path  of 
width  dx,  which  has  unit  length  and  depth  and  which 
encloses  an  area  of  2x  is, 


e.  I)!,  f. 


if  Bx 


Where  the  e.m.f.  is  given  in  volts,  /  the  frequency, 
in  cycles  per  second,  B  the  maximum  field  intensity  in 
lines  per  square  centimeter,  and  x  in  inches.  This  re- 
lation is  based  upon  the  law  that  the  induced  e.m.f.  in 
a  coil  is  equal  to  the  rate  of  change  of  the  magnetic  flux 
through  its  opening. 

At  75  degrees  C.  the  resistance  in  ohms  of  the  small 
path  is  given  by  equation  (2),  when  corrections  have 
been  made  for  the  temperature  and  the  fact  that  the 
length  of  the  circuit  is  expressed  in  inches  instead  of  in 
thousand  feet. 

n.S26     2 
Resistance  =  -—-  ^ 

The  current  in  amperes  in  the  small  path  is  there- 
fore,—<//  =  0.346  fB xdx 
and  the  energy  loss  in  watts  due  to  this  current  is, — 

Or  the  total  loss  per  unit  length  and  depth  of  the 
conductor  is, — 


P> 


o .  igS 


i/B)'f_] 


r-'  dx,  or  /".  = 


n.o/6^ 


{fBY 


Since  this  is  the  loss  per  unit  length  and  depth  of 
the  conductor  whose  thickness  is  ;'  the  totnl  loss  per 
cubic  inch  is 

P^  0.016^ 


{i/B)  = 


■{7) 


eral  parts  cancel  each  other  and  the  eddy-current  loss 
is  reduced  to  that  which  would  exist  if  the  parts  of  the 
conductor  were  in  series  instead  of  in  parallel. 

If  the  field  in  which  a  conductor  is  placed  is  not 
uniform,  the  loss  in  a  solid  conductor  will  no  longer  be 
the  same  as  when  it  is  built  up  of  a  number  of  wires  in 
parallel.  With  a  solid  conductor  in  a  non-uniform  field 
the  eddy  currents  connot  longer  be  thought  of  as  being 
equivalent  to  a  current  flowing  along  one  side  of  the 
strap  and  returning  on  the  other  side  of  the  centerline. 
If  the  field  intensity  varies  in  an  unsymmetrical  manner, 
small  local  currents  are  set  up  which  would  be  more  or 
less  interrupted  if  the  conductor  was  laminated,  even 
though  the  parts  were  connected  together  at  the  ends. 
Also  in  a  non-uniform  field,  transposing  the  parts  of  the 
conductor  will  not  reduce  the  loss  to  that  which  would 
exist  if  the  conductor  had  a  total  thickness  equal  to  that 
of  one  of  the  parts.  The  only  sort  of  a  transposition 
which  would  be  entirely  eft'ective  under  these  conditions 
would  be  to  use  a  stranded  cable,  in  v^hich  the  various 
wires  progress  spirally  through  its  length. 

E.>camplc : — What  is  the  cddy-currcnt  loss  per  pound  in  a 
copper  conductor  which  has  a  thickness   of  o.i   inch  at  right 
angles   to   a   60   cycle   magnetic   field   of   300   lines   per   square 
centimeter?     From  equation  (8), — 
IValts       o.n^i 
W^  =  7^^  ("•'  X  ^^  X  -?"") '  =  "■'7- 

EDDY-CURRENT   LOSS   IN    TRANSFORMER    WINDINGS. 

Since  the  currents  in  the  high  and  low-voltage  coils 
of  a  transformer  are  opposite  to  each  other  in  time  phase 
relation,  at  each  point  along  the  gap  which  separates 
ihem  there  is  a  magnetomotive  force  equal  to  the  am- 
pere turns  in  either  coil  tending  to  send  a  magnetic  flux 
through  the  gap.  This  flux  is  not  confined  to  the  gap 
but  flows  through  the  coils  as  well.  The  flux  density  is 
a  maximum  in  the  gap  and  decreases  to  zero  at  the 
outer  edges  of  the  coils  away  from  the  gap.  In  the 
present  analysis  the  flux  through  the  coils  is  the  part 
of  immediate  interest,  as  this  is  the  field  which  causes 
the  eddy-current  loss.  As  a  rough  approximation  of  the 


cubic  inch 

Or  the  loss  per  pound  of  conductor,  since  a  cubic  inch 
of  copper  weighs  0.321  pounds,  is 
P,        0.0^/ 

T^d-^§-^ifBy- ^^ 

This  relation  shows  tliat  the  eddy-current  loss  per 
pound  of  the  conductor  is  proportional  to  the  square  of 
the  thickness  bf  the  conductor,  the  frequency  and  the 
density  of  the  flux  through  the  conductor.  When  con- 
ductors are  formed  of  several  wires  or  straps  connected 
in  parallel,  the  result  will  be  approximately  the  same 
as  with  a  solid  conductor  of  a  thickness  equal  to  the  sum 
of  the  thicknesses  of  the  several  parts.  If  the  several 
parts  of  such  a  conductor  are  symmetrically  transposed 
throughout  their  length,  the  voltages  induced  in  the  sev- 


Low  Voltage 

/High  Voluie 
»   Windine 


Leakage  Palh 
14-Ent.tely  W.lhii 
Winding 


piQ     2 SECTION    OF   CORE   TYPE   TR.XNSFORMER 

Showing  magnetic  leakage  paths. 

actual  conditions  it  may  be  assumed  that  there  are  two 
main  paths  for  this  leakage  flux  through  the  windings ; 
one  returning  through  the  magnetic  circuit,  as  shown  in 
Fig.  2,  and  one  being  entirely  within  the  coil  itself.  Al- 
though both  of  these  paths  exist  in  the  same  coil.  Fig. 
2  shows  for  siiuplicity,  only  the  path  returning  through 


THE    ELECTRIC    JOURNAL 


309 


the  magnetic  circuit  in  the  lo\v-\oltage  coil  and,  in  the 
high-vohage  coil  only  the  path  entirely  within  itself. 
Since  the  magnetic  density  varies  from  point.to  point  in 
the  coil,  the  next  step  is  to  determine  the  average  loss 
per  cubic  inch  of  coil. 

Consider  first  the  loss  due  to  the  leakage  path 
wrhich  returns  through  the  magnetic  circuit  of  the  trans- 
former. The  magnetomotive  force  acting  on  the  small 
width  dx  of  the  low  voltage  winding  shown  in  Fig.  2  is 

£Ll-.i-f  where  .r  is  the  distance  of  this  small  section 
ro     A 

of  the  coil  from  its  outside  edge,  A'  is  the  total  radial 
thickness  of  the  coil  and  IT  its  ampere  turns.  The  re- 
luctance of  this  small  path  to  the  leakage  flux  is    y^' 

where  /  is  the  length  of  the  leakage  path  and  h  is  the 
length  of  the  mean  turn  of  the  coil.  The  flux  through 
this  small  section  of  the  coil  is 

The  constant  2.54  permits  the  linear  distances  to  be 
expressed  in  inches  instead  of  cen- 
timeters.    The  maximum  value  of 
the  flux  density  in  the  path  dx  is 
therefore, 

_i_  /r 

/.'  =  o./y/  1    -'         A'       /      (9) 

Substituting    this    value    of   B 
in  equation  (7)  we  have — 

/"e  0.00S05     /.        -r     n 

cubic  inch  ~        10"         \  ■'     X 

The  loss  in  the  small  section  of  At    right    angles 
,,  -i      1  1  .     ,    ,    ,      .  the  conductors, 

the  coil  whose  volume  is  /,  /  dx,  is 

o.ooSo^  /, 

dP.=^j^~{ifirYjy^x^dx 

Or  the  loss  in  the  entire  coil  in  watts  is, — 
o.ooSus      .  . /,      ex 


'?)■ 


FIG.    3  —  SECTIOX  O! 

TR.VXSFORMER    COIL 


O .  ooSjj     /  if  IT\  - 

"'   Pound  =  ^1&'        \^^~/     •••   ^"'' 

This  expression  gives  the  eddy-current  loss  in  the 
coil  per  unit  weight  in  terms  of  various  constants  of 
the  transformer.  For  example,  it  is  evident  from  the  ex- 
pression that  if  the  frequency,  thickness  of  the  con- 
ductor at  right  angles  to  the  leakage  flux,  or  the  am- 
pere-turns in  the  winding  be  doubled  (other  things  be- 
ing equal),  the  eddy-current  loss  due  to  this  part  of  the 
leakage  flux  will  be  four  times  as  large  as  before.  On 
the  other  hand  if  the  length  of  the  leakage  path  be 
doubled,  the  loss  will  be  one-fourth  of  its  former  value. 

Example: — What  is   the   eddy  current  loss  in  a  60  cjxle, 
100  k.v.a.,   2200  to  220  volt   transformer,   due   to   the   leakage 
path    which    returns    through    the    magnetic    circuit,    for    the 
following  conditions?     From  equation   (i),— 
Low-voltage  coil,  i  =  0.252  in.,  138  pounds  of  copper. 
High-voltage  coil,  i  =  0.116  in,,  141  pounds  of  copper. 
^T  =  5220  /  =11.25  inches 

Low- voltage  coil  P,  =  ~-  I  = ^ I    X  13S  =56.5 

10-      \  11. ^^  ) 

„.  ,        ,.            .,  D        o.ooSss  (60  X  0.1/6  X  5^2oY- 
High-voltagecoiIP.  =  — ^  [^ 773^^ )    ^  '4' =  '^-5 

Total  eddy-curr^ni-loss  =  56.5  -|-  12.^  =  6g  waits. 


The  following  analysis  applies  to  the  leakage  path 
within  the  coils.  For  the  .sake  of  simplicity  it  is  as- 
sumed that  the  path  of  this  flux  is  rectangular  as  shown 
in   Fig.   3. 

LetA'=   3-  {I-') 

Where  /  and  A'  are  the  dimensions  of  the  coil  as 
shown  in  Fig.  3.  The  m.m.f.  acting  on  this  small  area 
of  width  dx  is, — 


The  reluctance  of  the  small  path  is,- 


Relititauci 


;-t- 


4  Kx       4X  (I  +  A'-') 


/,  K  dx  ^  A  dx   ~      A  K  dx 
The  flux  through  the  small  path  is, — 
y"r    A  A'- 

d4>=  ->.54  —oTT-''^  V^lO)  -''  '^-'' 

The  maximum  value  of  the  flux  density  in  the  path 
dx,  is  therefore, — 

X  IT    >  A-- 

B  =  o.494^    ,     TV  — (/+  A-^) ^'^^ 

It  is  evident  that  this  is  the  same  expression  as  that 
in  equation  (9)  except  that  the  factor  .  .-,  is  intro- 
duced in  equation  (13).  We  may  therefore,  by  inspec- 
tion, w  rite  for  the  loss  in  the  coil  due  to  the  leakage  flux 
whose  path  is  entirely  within  the  coil, — 
A  0.0026S   (i  f  IT\-  (     K'^-     Y 


o.ooS:;^    (i  f  iry  /      A'^     \  - 


(//) 


From  this  expression  it  is  evident  that  the  eddy- 
current  loss  due  to  the  leakage  path  within  the  coil 
varies  the  same  as  for  the  path  which  returns  through 
the  magnetic  circuit  as  far  as  /,  ;',  IT  and  /  are  con- 
cerned. As  A'  increases  I  .  .  .^  j  grows  larger  and  ap- 
proaches unity  as  a  limit,  that  is  as  /  becomes  larger  and 
X  smaller  the  eddy  current  loss  decreases.  For  values 
of  K  ordinarily  existing  in  transformers,  the  numerical 

value  of  I   .  I '  ,^,  )   is  practically  unity,  which  means  that 

the  loss  due  to  the  leakage  flux  entirely  within  the  coil 
is  practically  equal  to  the  loss  due  to  the  leakage  flux 
which  returns  through  the  magnetic  circuit.  The  total 
eddy  current  loss  in  a  transformer  under  these  condi- 
tions will  be  approximately, — 
P..  0.0167  (if  IT\- 
'N^d=~i^\~~T~)    '-'^^ 

Example : — What  i<  the  total  eddy-current  loss  in  the 
transformer  given  in  the  previous  example,  when  A.'  has  a 
value  of  16? 

Total  eddy  current  loss  ^  2X  69  =i:  138  watts. 

It  must  not  be  assumed  that  the  preceding  method 
of  calculating  the  eddy-current  loss  gives  exact  results 
in  all  cases,  as  the  method  outlined  can  be  considered 
only  as  an  approximation  of  the  actual  conditions  when 
the  leakage  field  is  symmetrical.  In  a  particular  case 
special  conditions  of  leakage  may  be  introduced  for 
which  the  equations  will  not  even  approximately  apply. 


Rssistors 

H.  D.  James  and  H.  C.  Nagel 

The  Electric  Power  Club  defines  a  "resistor"  as :— "An  aggregation  of  one  or  more  units  possessing 
the  property  of  resistance,  used  in  an  electric  circuit  for  the  purpose  of  operation,  protection  or  control 
of  that  circuit."  This  term  was  coined  to  express  properly  the  part  of  a  controller  often  referred  to  as 
the  "resistance."     The  word  "resistance"   expresses  the  property  of  a  substance  and  should  not  be  used  to 

denote  the  material  itself. 


THE  most  common  form  of  resistor  is  the  cast-iron 
grid,  shown  in  Figs.  I  and  2.  Cast  iron  is  admir- 
ably adapted  for  this  purpose  on  account  of  its 
cheapness,  high  electrical  resistance,  freedom  from  cor- 
rosion, and  sinall  temperature  coefficient.  The  resistance 
of  cast  iron  increases  about  15  percent  with  a  change  of 
temperature  of  about  250  degrees.  Its  principal  limita- 
tion is  for  small  apparatus  where  a  large  ohmic  value  is 
required  with  a  small  capacity,  requiring  high  resistance 
units  of  small  size. 

Where  a  large  ohmic  value  is  required  in  a  small 
space  the  embedded  type  resistor  is  used.  It  is  made  in 
various  forms,  the  resistance  material  usually  consisting 
of  a  wire  or  ribbon  embedded  in  enamel  or  some  similar 
compound,  as  in  Fig.  3.  It  is  also  common  to  make  up 
units  in  the  form  of  plates.  Embedding  the  resistance 
material  gives  increased  thermal  capacity  and  mechan- 


complete  unit,  known  as  a  plate- 


FIG.    I    ■ —   CAST    -    rRON 
GRID    RESISTOR   UNIT 


FIG.    2 — GRID       RESISTOR 


ical  protection.  It  also  prevents  conducting  material, 
such  as  metal  dust,  from  collecting  on  the  unit  and  re- 
ducing the  resistance.  Most  of  these  units  can  be  heated 
to  destruction  without  any  external  flash  or  drippings. 

Cast  iron  grids  are  placed  on  insulating  rods  and 
mounted  between  end  frames,  thus  forming  convenient 
units.  Where  it  is  desirable  to  combine  the  cast  iron 
grids  with  an  embedded  type  of  resistor,  either  tlie  em- 
bedded resistor  should  be  in  the  form  of  a  plate  or  the 
tubes  should  be  mounted  so  that  they  will  fit  in  the  same 
frame  with  the  grids. 

A  "rheostat"  is  defined  by  The  Electric  Power 
Club  as  a  resistor  provided  with  means  for  varying  its 
resistance.  This  usually  takes  the  form  of  a  series  of 
contacts  mounted  on  the  surface  of  an  insulating  ma- 
terial having  an  arm  arranged  for  making  connection 
between  a  central  post,  which  forms  the  pivot  of  the 
arm,  and  the  various  contacts  which  are  arranged  in  a 
circle.  Mounted  back  of  this  face  plate  is  a  series  of 
resistor  units,  as  shown  in  Fig.  4.  For  small  sizes,  the 
contacts  and  resistance  material  are  both  embedded  in 


a  compound  forming 
t}-pe  rheostat. 

In  applying  resistors,  two  points  should  be  consid- 
ered— I — The  ability  to  radiate  or  conduct  the  heat 
from  the  unit  to  the  sur- 
rounding atmosphere — 
2 — The  ability  to  absorb 
heat.  Uusually  the  mass 
of  the  resistor  is  small 
compared  with  that  of 
a  motor  or  controller 
for  dissipating  the  same 
amount  of  heat  energy, 
so  that  the  energ\-  ab- 
sorbed by  the  resistor 
will  raise  its  tempera- 
ture more  rapidly.  Where  the  resistor  is  used  for  start- 
ing purposes  only,  the  absorption  forms  a  verj'  import- 
ant item  in  the  design.  For  intermittent  duty,  radiation 
is  the  controlling  feature.  The  relation  between  tem- 
perature rise  in  degrees  C  and  the  watts  per  unit  for 
five  different  conditions  of  operation  is  shown  in  Fig.5. 
The  heavy  line  is  the  average  value  and  the  dotted  lines 
on  either  side  represent  the  variations  due  to  the  differ- 


■  EMBEDDED      TYPE 
RESISTOR 


FIG     4 RHEOSTAT  MADE  UP  OF  GRID  RESISTORS 

Showing  series  of  contacts  on  face  plate. 

ent  cross-sections  of  the  grids  used.  These  curves,  of 
course,  apply  only  to  one  particular  size  of  grid  and  are 
shown  for  the  purpose  of  illustrating  the  effect  which 
different  classes  of  service  have  upon  the  capacity  of  a 
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resistor  of  a  given  size.  Curve  i  is  for  continuous  ser- 
vice ;  Curve  2  for  a  cycle  of  duty,  in  which  the  resistor 
is  in  circuit  for  two  minutes  out  of  every  four,  with 
two  minutes  rest  between.  Curve  j  represents  a  duty 
cycle  of  an  ordinary  shop  crane  of  one  minute  service 


FIG.    5 — REL.VTION     OF    TEMPER.VTURE     RISE     AND    ENERGY     LOSS     PER 
RESISTOR  UNIT 

For  five  different  classes  of  service. 

and  three  of  rest.  Curve  4  represents  a  duty  of  30 
seconds  with  3.5  minutes  of  rest.  Curve  5  is  a  duty  of 
15  seconds  in  each  four  minutes.  Curve  5  corresponds 
to  ordinary  or  light  starting  duty.  In  making  these  tests, 
it  was  found  that  the  spacing  between  the  grids  was  an 
important  factor  and  preliminary  tests  were  made  to  de- 
termine the  most  economical  spacing.  Similar  data 
should  be  obtained  for  any  form  of  resistor  used,  so 
that  an  intelligent  application  can  be  made.  In  applying 
resistors,  it  is  usual  to  design  to  a  temperature  of  from 
200  to  250  degrees,  although  the  exact  temperature  of 
the  material  and  also  of  the  air  issuing  from  the  enclos- 
ing case  is  rather  difficult  to  determine.  The  air  issuing 
from  the  case  should  not  be  hot  enough  to  cause  a  fire 
hazard  or  injure  objects  in  the  vicinity  of  the  resistor. 
Destruction  of  the  resistance  material  itself  is  usually 
by  fusing,  which  occurs  at  a  very  high  temperature,  so 
that  a  difference  of  25  or  50  degrees  in  the  actual  tem- 
perature of  this  material  represents  only  a  small  error, 
as  compared  with  the  fusing  temperature.  Unless  the 
grids  are  mounted  properly,  they  have  a  tendency  to 
sag  at  a  dull  red  heat,  at  about  600  degrees  C.  This 
sometimes  results  in  destruction  of  the  resistor  unit,  al- 
though fusing  does  not  take  place.  The  maximum  tem- 
perature of  a  resistor  depends  largely  upon  its  mount- 
ing. There  should  be  a  free  circulation  of  air,  and  the 
frames  should  not  be  mounted  one  above  the  other  to 
any  considerable  extent.  A  maximum  of  three  high  us- 
ually represents  the  limit  of  good  practice,  and  space 
should  also  be  provided  between  the  tiers  of  frames.  In 
most  applications,  the  maximum  heating  occurs  in  dif- 
ferent resistor  frames  during  different  parts  of  the 
cycle.  If  a  little  judgment  is  used  in  arranging  these 


frames,  the  heating  may  be  distributed  in  different  tiers, 
so  that  it  will  not  all  be  concentrated  in  one  place  at  any 
one  time. 

It  should  be  remembered  that  a  resistor  is  used  for 
the  purpose  of  dissipating  energy  in  the  form  of  heat. 
For  large  motors,  a  considerable  amount  of  energy  is 
often  dissipated  in  this  way.  The  space  surrounding  the 
resistor  should  be  arranged  for  carrying  off  this  heat. 
Sometimes  trouble  is  caused  by  mounting  the  resistor 
in  the  corner  of  a  room  or  some  other  restricted  space, 
which  has  not  sufficient  ventilation  to  carry  off  the  heat 
dissipated.  For  small  resistors,  this  is  a  less  important 
item.  Care  should  be  taken  to  mount  the  resistor  so  that 
it  will  not  directly  heat  the  motor  or  controller. 

Assuming  a  maximum  temperature  rise  of  250  de- 
grees C,  Fig.  6  gives  the  relation  between  the  watts 
dissipated  and  the  time  a  grid  is  in  service.  It  also 
shows  the  percentage  of  current  which  at  continuous 
rating  would  give  the  same  temperature  rise.  This  curve 
is  useful  in  illustrating  the  rapidity  with  which  the  ca- 
pacity of  the  resistor  changes  with  time,  and  the  import- 
ance of  determining  accurately  the  service  requirements 
when  designing  the  resistor.  These  curves  represent  the 
average  values  for  a  particular  size  of  grid.  In  order  to 
vary  the  ohmic  value  of  a  grid,  the  cross-section  is 
changed.  This  makes  a  small  difference  in  the  curve  for 
each  individual  grid,  but  usually  this  difference  may  be 
neglected  and  an  average  value  used. 

In  designing  resistors  for  a  particular  service,  the 
calculation  becomes  quite  complicated,  if  all  of  the  var- 
iables are  taken  into  consideration.  Furthermore,  it  is 
often  impossible  to  predetermine  exactly  how  the  con- 
troller will  be  manipulated,  as  this  depends  upon  the 
judgment  of  individual  operators.  It  is  evident  from 
Fig.  5  that  the  difference  of  a  few  seconds  in  the  cutting 
out  of  the  resistor  during  acceleration  will  make  a  con- 
siderable difference  in  the  temperature  of  this  resistor. 
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FIG.    6 — ENERGY    WHICH    CAN   BE   DISSIPATED    IN    A    GRID    FOR 
DIFFERENT  LENGTHS  OF  SERVICE 

The  variations  which  occur  in  well-known  service  ap- 
plications have  been  classified  on  an  empirical  basis, 
which  is  the  result  of  experience  extending  over  a  num- 
ber of  j'ears.  New  applications  must  be  approximated 
and  actual  operating  data  obtained.  Where  the  operat- 
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ing  conditions  are  not  well  known,  the  error  should  be 
made  on  the  safe  side  and  a  larger  resistor  ordered  than 
necessarj-,  rather  than  one  which  is  too  small. 

In  order  to  arrive  at  a  commercial  classification  of 
service,  The  Electric  Power  Club  has  recently  adopted 
the  following  five  standards  for  service  conditions: — 
light  starting  duty  (15  seconds  out  of  each  four  min- 
utes) ;  heavy  starting  duty  (30  seconds  out  of  each  four 
minutes)  ;  light  intermittent  duty  (one  minute  out  of 
each  four  minutes)  ;  heazy  intermittent  duty  (two  min- 
utes out  of  ich  four  minutes),  and  continuous  duty. 
The  service  conditions  are  also  divided  into  the  follow- 
ing current  standards,  the  figures  representing  percent 
of  full-load  current  on  the  first  step :—  ^5 ;  30 ;  70 ;  100 ; 
130;  200  or  over.  While  this  classification  is  empirical, 
a  careful  check  made  from  existing  data  shows  that  it 
closely  represents  present  practice. 

These  designations  do  not  constitute  complete  data 
for  testing  a  resistor,  as  it  is  a  common  practice  for 
many  applications,  such  as  cranes,  hoists,  etc.  to  taper 
the  resistor,  so  that  the  capacity  on  the  first  step  is  less 
than  the  capacity  on  the  last  step.  The  percentage  of 
resistance  short-circuited  on  each  notch  of  tlie  con- 
troller is  also  a  variable.  It  is  the  aim  to  so  proportion 
the  resistor  that  equal  peaks  occur  during  the  accelera- 
tion at  the  specified  load.  This  classification  of  resistors, 
it  is  believed,  is  sufficiently  accurate  for  practical  pur- 
poses. As  explained  previously,  it  is  very  difficult  to 
calculate  a  resistor  closely,  and  therefore  the  limit  of 
error  in  design  is  considerable.  In  view  of  this  fact,  it 
would  seem  unnecessary  to  adopt  classifications  for  in- 
termediate service  values,  such  as  a  service  representing 
3  minutes  on  and  i  minute  off.  At  the  same  time,  it 
allows  sufficient  latitude  in  tapering  resistors  to  enable 
engineers  to  adapt  their  particular  designs  to  different 
classes  of  service.  The  tapering  of  a  resistor  depends 
to  some  extent  upon  the  type  of  controller.  Where  au- 
tomatic acceleration  is  provided,  a  less  number  of  steps 
is  used  and  the  current  value  at  which  the  resistor  is 
short-circuited  can  be  adjusted  with  considerable  ac- 
curacy, s'o  that  full  advantage  can  be  taken  of  the  re- 
finements of  design  in  proportioning  such  resistors. 
Where  manual  control  is  used,  so  much  depends  upon 
the  operator  tliat  refinements  in  design  are  of  less  value. 
Data  for  proportioning  resistors  is  given  in  Table  I, 
which  is  partly  based  on  theory  and  partly  on  exper- 
ience. This  table  illustrates  the  proportions  that  are 
sometimes  used  in  the  various  steps  of  a  resistor. 

The  method  of  calculating  the  ohms  per  step  in  a 
given  resistance  takes  the  form  of  a  geometric  series, — 
R  +  RX,  +  RX„  +  RX.„  etc.,  where  R  is  the  internal 
resistance  of  the  motor  and  controller  and  X  is  the  ratio 
of  maximum  and  minimum  accelerating  current.  The 
derivation  of  this  formula  can  be  obtained  from  text- 
books on  tlie  subject  or  electrical  hand  books.*  The 
values  obtained  from  such  a  formula  are  based  entirely 

*See  articles  on  "The  Design  of  Direct-Current  .Accelerat- 
ing Resistors"  in  the  Journal  for  Oct.  1916,  p.  508 ;  and  "The 
Design  and  AppUcation  of  Rheostats"  by  H.  C.  Nagel,  Dec. 
1914,  P-  714- 


upon  Ohm's  law  and  do  not  take  into  account  the 
effect  of  inductance  in  the  circuit.  It  is  sufficiently  ac- 
curate, however,  for  most  calculations.  Where  auto- 
matic acceleration  is  used  and  the  resistor  is  short-cir- 
cuited in  a  small  number  of  steps,  it  is  desirable  to  take 
into  account  the  inductance  in  the  circuit,  as  this  has  a 
marked  effect  upon  the  current  value  of  the  interme- 
diate steps.**  In  order  to  check  still  further  the  effect  of 
inductance,  a  15  horse-power,  230  volt,  direct-current 
shunt  motor  was  connected  to  the  power-house  bus-bars 
and  loaded  with  a  prony  brake  to  give  half   full-load 

TABLE  I— LIGHT  INTERMITTENT  DUTY  (I  MIN.  OUT 

OF  E.-\CH  4),  ino  PERCENT  FULL-LOAD  AMPERES 

ON  THE  FIRST  STEP 


ToT.^L 

Percentages  fo 

Each 

Step 

Number 
OF  Steps 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 

R 
A 

1(K) 

2 

R 
A 

80 
37 

20 
75 

3 

R 
A 

65 
37 

25 
60 

10 
70 

4 

R 

A 

R 

A 

49 
37 

27 
53 

l.i 
59 

9 
64 

6 
60 

5 

43 
37 

26 

48 

16 
52 

9 
57 

6 

R 
A 

38 
37 

25 
47 

16 
50 

10 
53 

7 
57 

4 
59 

7 

R 

A 

34 
37 

23 

45 

16 

48 

11 
50 

7 
53 

5 
55 

4 
58 

8 

R 

A 

R 

A 

31 
37 

22 

44 

16 
46 

11 
48 

8 
50 

6 
53 

4 
55 

3 
57 

9 

28 
37 

21 

42 

16 

43 

11 

45 

,8 
48 

6 

.iO 

4.5 
52 

5.5 
54 

2.5 
56 

R  =  Percent  of  total  ohms. 

A  =  Percent  of  full-load  amperes  at  continuous  rating. 

torque.  The  motor  was  then  accelerated  and  the  value 
of  current  and  armature  voltage  measured  by  an  oscil- 
lograi)h.  These  tests  show  that  the  actual  current  value 
obtained  is  about  two-thirds  of  the  calculated  value. 
The  ratio  between  the  value  calculated  by  the  above 
formula  and  the  actual  value  depends  upon  the  inertia 
of  the  load.  With  a  heavy  inertia  load,  the  actual  value 
will  approach  more  closely  to  the  calculated  value. 

In  most  cases,  there  will  be  some  line  drop,  as  very 
few  motors  are  connected  to  the  busbars  in  a  power 
plant.  This  drop  of  voltage,  together  with  the  resistance 
of  tlie  feeders  leading  to  the  controller,  will  have  an  ap- 
preciable effect  on  the  maximum  current  peak.  It  is 
probable  that  further  tests  on  various  installations  will 


**This    was    brought    out    in    several    papers    before    the 
A.I.E.E.,  Pel).  IQ17. 
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show  that  it  is  safe  to  assume  a  value  for  this  peak  in 
the  neighborhood  of  60  percent  of  the  calculated  value. 
The  speed  of  a  motor  using  a  resistor  in  series  with 
the  armature  depends  upon  the  load.'  Where  a  resistor 
is  required  to  give  speed  control,  it  is  very  necessary  to 
know  the  exact  load  on  the  motor,  so  that  the  resistor 
can  be  calculated  accurately.  Commercial  ratings  have 

tSec  the  Journal  tor  April,  1017,  Fig.  2,  p.  150  and  Fig.  5, 
p.  I.S2- 


been  so  standardized  that  a  larger  motor  than  necessary 
is  often  specified,  so  as  to  use  a  standard  rating.  This 
often  misleads  the  engineer  who  designs  resistor  layout; 
the  order  may  specify  a  50  percent  speed  reduction  at 
full  load  giving  only  the  horse-power  rating  of  the 
motor  and  not  the  actual  load  conditions.  Sometimes 
an  error  is  made  in  estimating  the  horse  power  required ; 
in  such  cases,  it  may  be  necessary  to  readjust  the  re- 
sistor or  to  furnish  additional  sections. 


Kalfh  Kelly 

THE  increasing  use  of  synchronous  motors  and  condensers  has  produced  a  correspondingly  large  in- 
crease in  the  number  of  questions  concerning  their  operation.  The  more  important  of  these  may  be 
summed  up  as  follows : — 

What  limits  the  pull-out  torque  of  a  synchronous  motor,  and  what  can  be  done  to  mcrease 

that  torque?  ,  ,      ,        ,,  r  1.         u     v  i 

Why  does  a  synchronous  motor  carrying  normal  load  pull  out  of  step  when  the  line  vol- 
tage drops  appreciably?  .,,      - 

Why  does  oyer-exciting  a  synchronous  motor  make  it  possible  lor  that  motor  to  carry  a 
larger  overload,  and  why  is  the  reyerse  true  when  the  motor  is  underexcited? 

Why  is  it  that  a  synchronous  condenser  built  only  for  leading  power-factor  operation  can 
carry 'but  a  small  part  of  its  rating  when  operated  at  zero  percent  lagging  power-factor;  and 
why  does  a  condenser  designed  for  normal  rating,  both  zero  percent  leading  and  lagging 
power-factor,  cost  so  much  more  than  a  standard  condenser? 

What  is  the  explanation  of  "rotor  shift?" 
In  the  following  article,  these  questions  are  answered  by  simple  explanations  of  the   fundamental  prin- 
ciples of  synchronous  motor  operation. 


THE  fundamental  principle  of  a  motor  is  that 
when  current  flows  through  a  wire  in  a  magnetic 
field,  a  force  is  produced  which  tends  to  push  the 
wire  to  one  side.  This  force  is  proportional  to  the  cur- 
rent flowing  through  the  wire  and  to  the  strength  of  the 
magnetic  field.  In  a  motor  the  product  of  these  two  fac- 
tors is  termed  "torque",  and  the  product  of  the  torque 
and  speed,  expressed  in  proper  units,  is  the  motor  horse- 
power. For  a  synchronous  motor,  this  expression  must 
be  modified  to  allow  for  the  phase  difference  between 
the  armature  current  and  the  line  voltage. 

In  a  synchronous  motor  driving  a  mechanical  load 
under  normal  conditions  of  operation,  consider  that  the 
mechanical  load  be  increased.  This  load  increase  dis- 
places the  rotor  backward  in  angular  position  relative 
to  the  impressed  e.ra.f.,  even  though  the  speed  does  not 
change  from  synchronous.  This  angular  displacement 
permits  more  current  to  flow,  and  that  current  flow 
supplies  the  larger  horse-power  required.  The  armature 
current  in  this  position  is  not  as  eftective  in  producing 
torque  as  before  and  consequently  for  a  given  torque  in- 
crease, the  current  flow  will  be  greater  per  unit  of  tor- 
Cjue  than  before. 

If  the  torque  output  of  the  motor  is  further  in- 
creased under  the  same  conditions,  the  rotor  shifts 
farther  backward  in  position,  so  that  more  armature 
current  may  be  supplied  from  the  line;  but  that  current 
becomes  more  and  more  inetifective  in  producing  torque 
as  the  rotor  changes  in  position.  Eventually,  the  rotor 
is  displaced  to  a  position  where  a  further  increase  in 
armature  current  has  no  effect  in  producing  torque. 
This  creates  a  condition  where  the  torque  supply  is  in- 
suflicient  to  meet  the  demand,  and  the  motor  conies  to 
rest,  or  "pulls  out  of  step". 


To  comprehend  this  rotor  action,  as  well  as  other 
characteristics  of  synchronous  motor  operation,  the  ele- 
mentary flux  and  voltage  relations  of  a  synchronous 
motor  should  be  understood.  When  a  motor  is  operating 
at  no  load,  a  small  armature  current  flows,  which  sup- 
plies the  core  loss  and  the  friction  and  windage  loss,  but 
in  the  interest    of  simplicity    this  current  is    neglected. 


-MC    I — ROTOR    POSITION 
--ATJSD  LO.AD 


F!C.    2 — ROTOR   POSITION 
WITH    LOAD 


On  this  basis,  the  line  voltage  applied  to  the  motor  at  no 
load  is  opposed  entirely  by  the  counter  e.m.f.  of  the 
motor,  which  is  then  equal  to  the  applied  voltage,  but 
opposite  in  direction.  The  counter  e.m.f.  is  induced  by  a 
flux,  cutting  the  armature  conductors  at  an  angle  of  90 
degrees  from  the  counter  e.m.f.,  called  the  "air-gap 
flux".  As  there  is  no  armature  current  flowing,  and  con- 
sequently no  armature  flux,  the  air-gap  flux  is  supplied 
entirely  by  the  field  flux,  which  in  turn,  is  supplied  by 
the  field  excitation. 

A  diagrammatic  rejiresentation  of  the  no-load  con- 
dition is  given  in  Fig.  i  ;  where  E  is  the  line  voltage,  Eo 
the  counter  e.m.f.,  and  R  is  the  air-gap  flux  or  field  flux, 
all  in  their  correct  relative  positions  when  the  direction 
of  rotation  is  counter-clockwise.  The  field  flux  naturally 
has  the  same  direction  as  the  center  line  of  the  pole  so 
that  the  rotor  position  at  no  load  is  that  given  in  Fig.  i. 
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When  load  is  applied  to  the  motor,  armature  cur- 
rent must  flow,  and  this  current  produces  a  resistance 
and  a  reactance  voltage  drop  which  combine  with  the 
counter  e.m.f.  to  oppose  the  line  voltage.  These  drops 
change  somewhat  the  value  of  the  counter  e.m.f.,  de- 
pending on  the  strength  and  direction  of  the  armature 
current;  but  for  the  present  it  is  assumed  that  the 
counter  e.m.f.  remains  constant  with  constant  line  volt- 
age. This,  of  course,  means  that  the  air-gap  flux  which 
induces  that  counter  e.m.f.  is  al.so  constant  with  con- 
stant line  voltage. 

In  Fig.  2  is  shown  a  load  condition,  where  the  arm- 
ature current  leads  the  line  voltage.  The  line  voltage  E 
remains  unchanged  in  value  and  position,  but  is  now  op- 
posed by  the  IR  and  IX  drop,  as  well  as  by  the  counter 
e.m.f.  The  effect  of  these  voltage  drops  is  to  change 
the  position  of  the  internal  cm.f.,  E'o.  The  counter 
e.m.f.  Eo,  which  is  equal  and  opposite  to  the  in- 
ternal e.m.f.,  and  also  the  air-gap  flux,  R,  shift 
correspondingly  in  position.  The  armature  current,  /, 
produces  a  flux.  A,  in  the  same  direction  as  that  cur- 
rent. In  a  polyphase  motor,  the  flux  A  has  a  constant 
direction  and  value,  being  the  resultant  of  the  fluxes 
produced  by  the  armature  currents  in  each  phase.  As 
tlie  air-gap  flux  is  constant  and  fixed  in  direction,  this 
field  flux  must  change  in  direction  and  value  to  counter- 
act the  influence  of  the  armature  flux.  The  value  and 
direction  of  the  field  flux  E  for  the  chosen  load  condi- 
tion is  given  in  Fig.  2.  The  center  line  of  the  pole  must 
be  in  tlie  same  direction  as  the  flux  F,  so  that  the  rotor 
position  must  change  to  the  position  shown.  This  dia- 
gram represents  the  common  condition  of  an  over- 
excited motor,  where  the  amiature  current  leads  the 
impressed  e.m.f.  and  is  in  a  demagnetizing  position,  thus 
requiring  additional  field  flux. 

The  change  in  rotor  position  is  thus  caused  by  two 
factors ;  the  change  in  angular  position  between  the  im- 
pressed and  the  internal  e.m.f. ;  and  the  angular 
change  between  the  air-gap  flux  and  the  field  flux.  This 
change  in  rotor  position  does  not  mean  that  the  rotor  is 
not  operating  at  synchronous  speed,  but  only  that  the 
angular  position  of  the  rotor  has  changed  in  respect  to 
the  line  voltage.  With  different  values  and  positions  of 
the  current  with  respect  to  the  line  voltage,  the  rotor 
shift  will  be  different,  varying  over  a  considerable 
range ;  but  the  rotor  can  never  take  a  position  where  it 
leads  the  no-load  position  when  the  machine  is  operating 
as  a  motor. 

The  factors  that  are  involved  in  Fig.  2  may  be  ar- 
ranged in  various  diagrams  that  are  as  simple,  if  not 
more  simple,  than  Fig.  2.  From  these  working  diagrams, 
the  complete  operation  of  a  synchronous  motor  can 
easily  and  completely  be  observed.  The  first  of  these 
diagrams.  Fig.  3,  is  a  development  of  Fig.  2,  except  that 
the  condition  where  the  motor  is  operating  at  unity 
power-factor  is  selected,  and  for  clearness,  the  armature 
IR  and  IX  voltage  drops  are  neglected.  The  fluxes  have 
their  true  value  and  direction,  except  that  the  flux  A  is 
transposed  so  that  it  forms  a  closed  triangle  with  the 
other  two    fluxes.  This    diagram    shows    the    physical 


effect  of  changes  in  torque,  as  well  as  changes  in  line 
voltage  and  field  excitation.  The  omission  of  the  volt- 
age drops  affects  the  accuracy,  but  not  the  general  char- 
acter of  the  results  obtained.  The  line  voltage  is  given 
by  E,  the  armature  current  in  phase  with  that  voltage 
by  /,  and  the  angle  of  shift  of  the  rotor,  due  to  the  in- 
fluence of  flux  relations  alone,  by  0. 

EFFECT  OF  AN  INCREASE  IN  TORQUE 

The  changes  incident  to  increasing  the  motor  tor- 
que, maintaining  constant  voltage  and  field  excitation, 
have  been  roughly  described,  but  a  physical  idea  of  that 
action  may  now  be  obtained  from  Fig.  3.  The  torque  of 
the  motor  for  this  condition  is  the  product  of  the  cur- 
rent 7,  and  the  air-gap  flu.x  R.  With  constant  voltage, 
the  air-gap  flux  remains  constant,  so  that  the  torque  is 
proportional  to  the  armature  current  /,  or  is  propor- 
tional to  the  armature  flux  A,  produced  by  that  current. 
Point  A'  in  the  diagram  represents  that  factor  of  the 
torque.  Consider  tliat  the  motor  torque  is  doubled,  and 
that  the  voltages  have  adjusted  them.selves,  so  that  ad- 
ditional armature  current  may  flow.  The  air-gap  flux 
remaining  unchanged,  the  current  factor  of  the  torque 
must  increase  to  2X  in  value.  The  change  in  the  arm- 
ature current  or  flux  is  not  so  simple,  due  to  the  action 


FIG.  3.  FIG.  4.  FIG.  5. 

FIG.  3 — EFFECT  OF  INCRE.SSE  IN  TORQUE 

FIG.  4 — EFFECT  OF  DECRE.\SE  IN  LINE  VOLTAGE 

FIG.  S — EFFECT  OF  DECREASE  IN  EXCITATION 

of  the  field  flux  F.  The  field  excitation  has  remained 
unchanged  in  value,  so  that  F  can  only  occupy  a  posi- 
tion on  the  arc  of  a  circle,  with  F  as  a  radius  and  O  as 
a  center.  Consequently,  the  armature  current  must  ful- 
fill the  condition  of  supplying  enough  current  for  the 
total  torque,  as  well  as  fulfilling  the  condition  that  the 
resultant  of  F  and  A  shall  be  R.  This  is  done  by  A  and 
F  taking  the  positions  shown  by  tlie  dotted  lines  in  Fig. 
3,  where  the  vertical  component  of  A  supplies  the 
total  torque  and  the  horizontal  component  supplies  the 
deficiency  in  air-gap  flux  cau.sed  by  the  change  of  the 
field  flux  to  a  less  magnetizing  position.  Thus  the  arm- 
ature must  increase  to  more  than  double  its  former 
value,  due  to  its  change  to  a  lagging  position.  One  re- 
sult of  this  change  is  that  the  angle  of  rotor  lag  has  in- 
creased appreciably. 

The  statement  previously  made  that  the  torque  is 
the  product  of  the  air-gap  flux  and  the  armature  cur- 
lent  is  true  only  when  those  two  factors  are  at  right 
angles  to  each  other.  For  other  conditions,  the  product 
must  be  multiplied  by  the  cosine  of  the  angle  between 
those  two  factors.  This  statement  will  then  agree  with 
the  fundamental  expression  of  motor  output,  where  the 
output  is  equal  to  EIcos  e  X  Efificiency. 
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Should  the  torque  be  increased  to  a  value  where  X 
is  equal  to  OZ,  the  position  of  maximum  torque  or  pull- 
out  torque  of  the  motor  is  reached.  At  this  position,  F 
is  at  right  angles  to  R,  and  when  the  torque  is  increased, 
F  swings  to  the  right,  and  A  correspondingly  increases. 
The  intersection  of  these  two  fluxes  then  takes  a  posi- 
tion where  the  vertical  component  of  the  flux  A  is  less 
than  before,  or  the  motor  torque  becomes  less  than  be- 
fore. The  motor  then  does  not  supply  the  torque  re- 
quired, and  "falls  out  of  step".  Thus,  when  a  motor  is 
operating  under  load  and  the  torque  is  increased,  the 
rotor  lags  further  and  further  behind  its  initial  position ; 
the  armature  current  assumes  a  position  more  and  more 
lagging  with  respect  to  the  line  voltage;  and  iinally  a 
position  is  reached  where  the  increased  current  has  no 
effect,  or  rather  a  harmful  effect,  in  supplying  torque, 
and  the  motor  stops. 

In  view  of  this  limit  of  rotor  shift  for  stable  oper- 
ation, it  is  obvious  that  the  amount  of  overload  which  a 
synchronous  motor  can  carry  is  dependent  on  the 
amount  of  rotor  shift  for  a  given  torque.  That  is,  in 
comparing  two  motors,  the  one  with  a  small  rotor  shift 
for  a  given  load  increase,  will  carry  a  larger  overload 
without  pulling  out  of  step  than  a  motor  that  has  a 
larger  rotor  shift  for  the  same  torque  increase.  Ob- 
viously, any  change  in  the  design  proportions  or  in  the 
motor  characteristics  to  reduce  the  amount  of  rotor 
shift  for  a  given  load  increase,  will  correspondingly  in- 
crease the  value  of  the  pull-out  torque.  From  Fig.  2  it 
is  seen  that  the  principal  factor  that  governs  the  rotor 
shift  is  the  armature  current,  which  determines  not  only 
the  voltage  drops,  but  also  the  shifting  of  the  field  flux 
vector.  If  the  design  of  a  motor  is  such  that  it  has  a 
relatively  large  number  of  armature  conductors  at  nor- 
mal loads,  the  resistance  and  reactance  volts  will  be 
comparatively  large,  and  the  armature  flux  will  also  be 
comparatively  large,  producing  a  large  rotor  shift  with 
a  consequent  small  overload  capacity.  On  the  other 
hand,  a  motor  with  a  relatively  small  number  of  arm- 
ature conductors,  has  comparatively  small  voltage  drops 
for  a  given  current  and  a  comparatively  small  armature 
flux,  and,  of  course,  has  large  capacity  for  overloads. 

A  synchronous  motor,  while  operating  at  synchro- 
nous speed,  has  a  wide  scope  of  angular  variation.  This 
angular  variation  is  made  still  more  complicated  by  the 
fact  that  a  similar  shifting  action  is  occurring  in  the 
generator,  and  that  the  generator  shifting  action  is  in 
the  same  direction  as  that  of  the  motor,  and  adds  to  it. 
The  position  of  the  generator  rotor  is  fixed  by  the  prime 
mover,  so  that  the  efl^ect  of  the  armature  current  in  a 
generator  is  to  change  the  direction  of  the  terminal  volt- 
age, this  direction  being  approximately  the  same  as  that 
of  the  impressed  voltage  of  the  motor.  The  direction  of 
the  generator  terminal  voltage  changes  with  the  arm- 
ature current,  so  that  even  should  the  synchronous 
motor  conditions  remain  constant,  the  rotor  may  shift 
over  a  considerable  angle,  due  to  the  changes  in  direc- 
tion of  the  impressed  e.m.f.  It  is  thus  seen  that  the 
angular  position  of  the  synchronous  motor  is  continually 
changing,  due  either  to  the  generator  or  the  motor  con- 


ditions, or  to  both  ;  but  nevertheless  the  motor  continues 
to  run  at  synchronous  speed  when  carrj'ing  loads  within 
its  capacity. 

EFFECT  OF  A  DECREASE  IN  LINE  VOLTAGE 

One  of  the  most  frequent  causes  of  trouble  in  syn- 
chronous motor  operation  is  that  of  a  motor  pulling  out 
of  step  when  the  line  voltage  is  appreciably  decreased. 
To  illustrate  the  eflrect  of  a  change  of  this  nature,  Fig.  3 
will  be  used  as  a  starting  point,  as  it  portrays  the  condi- 
tions in  a  normal  synchronous  motor  operating  at  unity 
power-factor.  Consider  the  line  voltage  reduced  to  one- 
half  its  normal  value,  and  that  the  motor  torque  and  the 
field  excitation  remain  unchanged,  as  shown  in  Fig.  4, 
where  E  and  the  air-gap  flux  are  one-half  their  previous 
value.  The  current  factor  of  the  torque  X  must  increase 
to  2X,  for  the  torque  remains  constant,  and  the  field 
flux,  although  it  remains  constant  in  value,  must  change 
its  position,  so  that  the  armature  flux  A  may  have  a 
vertical  torque  component  of  2X.  This  causes  A  to  take 
a  slightly  lagging  or  magnetizing  position.  ■  ■ 

The  result  of  this  voltage  reduction  is  immediately 
apparent  in  that  the  overload  capacity  of  the  motor  is 
decreased  from  a  value  of  more  than  double  the  normal 
torque,  with  the 
excitation  con- 
stant, to  a  condi- 
tion where  it  has 
but  a  small  ca- 
pacity for  over- 
load. The  change 
that  actually  oc- 
curs is  much 
greater  than  this, 
due  to  the  as- 
sumption made 
that  the  counter 
e.m.f.    rema  i  n  s 

constant  at  all  loads,  and  varies  directly  as  the  im- 
pressed voltage.  The  counter  e.m.f.  is  equal  and  op- 
posite to  the  internal  e.m.f.  of  the  motor:  but  the  in- 
ternal e.m.f.  changes  its  value  and  its  direction  with 
respect  to  the  impressed  e.m.f.  with  all  changes  of  load 
and  power-factor  of  the  motor.  For  an  extreme  case, 
such  as  the  above,  the  armature  voltage  drops  would  be 
so  large  with  more  than  double  current,  that  the  internal 
voltage  of  the  motor  would  be  appreciably  less  than  one- 
half  its  previous  value,  and  the  counter  e.m.f.  and  air- 
gap  flux  would  similarly  have  less  than  one-half  of  the 
forrqer  values.  Accordingly,  the  armature  current  must 
necessarily  have  a  much  greater  value  than  shown  in 
Fig.  4,  and  the  torque  component  of  that  current  must 
necessarily  be  larger  in  value  than  ^X.  In  the  present 
case,  that  increased  value  would  be  greater  than  OZ,  the 
torqtie  limit  of  the  motor,  and  the  motor  would  then 
fall  out  of  step.  This  procedure  may  be  followed  in  a 
quantitative  manner  for  any  voltage  change  in  a  motor, 
by  means  of  an  extension  of  this  diagram. 

Any  reduction  in  armature  voltage  between  normal 
voltage  and  one-half  voltage  will  have  a  proportionately 


FIG.    6 — EFFECT  OF  INCREASE   IN  EXCITATION 
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smaller  but  similar  effect  in  reducing  the  overload  ca- 
pacity. Thus  any  reduction  in  voltage,  the  torque  and 
excitation  remaining  constant,  increases  the  vertical 
torque  component  of  A,  which  changes  the  position  of 
F,  and  increases  the  angle  of  shift,  <t>,  thereby  reducing 
the  maximum  permissible  torque  that  may  be  main- 
tained from  the  motor.  In  a  similar  manner,  it  may  be 
shown  that  any  increase  in  armature  voltage,  under  the 
same  conditions,  increases  the  overload  capacity  of  the 

EFFECT  OF  CHANGES  IN  EXCITATION 

In  considering  the  effect  of  changes  in  field  exci- 
tation. Fig.  3,  covering  unity  power-factor  operation, 
will  again  be  used  as  a  starting  point.  Consider  that  the 
field  excitation  is  doubled  in  value,  which  will  double 
the  field  flux  F.  The  motor  voltage  and  torque  remain- 
ing unchanged,  the  air-gap  flux  R  and  the  vertical  tor- 
que producing  component  of  the  armature  flux,  A',  will 
also  remain  unchanged.  To  fulfill  the  condition  of  flux 
equilibrium,  i.e,  that  the  air-gap  flux  shall  be  the  re- 
sultant of  the  field  and  armature  flux,  A  must  increase 
in  value  and  change  to  n  demagnetizing  position  to 
counteract  the  increase  in  magnetizing  power  of  F,  as 
shown  in  Fig.  6.  The  intersection  of  F  and  .)  is  fixed 
by  the  intersection  of  the  horizontal  through  .V,  and  the 
arc  of  a  circle  with  2F  as  a  radius.  Therefore,  A 
changes  to  a  demagnetizing  position,  and  leads  the  line 
voltage  E  by  the  angle  ».  The  maximum  torque  that 
may  be  obtained  from  the  motor  has  in  this  case  doubled 
in  value,  due  to  the  fact  that  X  may  be  increased  until  it 
equals  2Z  before  the  position  of  the  maximum  torque  is 
reached.  The  fact  that  the  angle  of  rotor  lag,  </>,  is  ap- 
preciably decreased  by  this  change,  is  also  evidence  that 
increase  in  the  field  excitation,  other  conditions  remain- 
ing constant,  increases  the  capacity  of  the  motor  for 
overload,  and  also  changes  the  power-factor  of  that 
motor  to  a  more  leading  position. 

This  condition,  where  the  armature  current  takes  a 
demagnetizing  or  leading  position  to  compensate  for  the 
increase  in  field  magnetization  is  utilized  commercially 
in  .synchronous  condensers  or  in  synchronous  motors 
that  carry  a  mechanical  load  while  operating  at  leading 
power-factor  with  a  fixed  condenser  capacity.  It  is  well- 
known  that  a  machine  of  this  type,  when  appropriately 
used  on  lines  with  lightly  loaded  induction  motors,  will 
raise  the  power-factor  of  the  line  to  a  value  nearer 
unity,  and  thus  show  a  marked  saving  in  generator  ca- 
pacity and  in  size  of  cables. 

As  a  matter  of  interest.  Fig.  5  is  given  for  a  motor 
with  the  same  conditions  as  Fig.  3,  except  that  the  field 
excitation  is  reduced  to  one-half  its  former  value.  In 
this  case  the  magnetizing  effect  of  the  field  current  has 
been  reduced,  and  the  armature  current  must  change  in 
value  and  direction  to  supply  the  deficit  in  excitation. 
A  then  changes  to  a  backward  position,  lagging  behind 
the  line  voltage  E  by  an  angle  ^.  The  overload  capacitv 
of  the  motor  has  been  reduced  to  a  small  value,  because 
the  constant  torque  vector  X  is  but  little  less  than  the 
new  value  of  maximum  torque,  one-half  OZ.  The  angle 
</>,  has  increased  largely  in  value  with  this  change. 


Advantage  is  taken  of  a  condition  like  this,  where 
the  motor  is  running  at  low  lagging  power-factor,  in 
synchronous  condensers  and  motors  that  operate  on 
long  tran.smission  lines.  When  a  long  transmission  line 
is  operated  at  light  load,  the  condenser  charging  cur- 
rent, unless  restricted,  will  increase  the  line  voltage  by 
an  appreciable  amount  and  this  increased  voltage  is 
especially  troublesome  near  the  end  of  the  line.  This 
type  of  machine  may  then  be  operated  during  light  load 
periods  at  lagging  power-factor  and  thus  work  against 
the  leading  charging  current  of  die  line  with  the  result 
that  the  line  conditions  will  remain  normal  with  no 
marked  voltage  change. 

The  capacity  of  the  motor  for  overload  is  thus  seen 
to  be  dependent  on  the  relative  strength  of  the  field  flux 
with  res])ect  to  the  armature  flux.  When  it  is  over-ex- 
cited, the  motor  has  a  comparatively  large  capacity  for 
overload.  But  when  it  is  under-excited,  the  reverse  is 
true.  The  synchronous  motor  may  then  be  likened  to  a 
spring  whose  stiffness  depends  on  the  relative  strength 
of  the  field  flux.  An  over-excited  motor  is  then  com- 
parable to  a  stiff  spring  which  changes  but  slightly  with 
changes  in  load,  and  can  resist  a  comparatively  large 
force  or  load  before  it  bends  over  or  breaks  down.  An 
under-excited  motor,  on  the  other  hand,  is  like  a  weak 
spring  that  bends  easily  when  a  small  force  or  load  is 
applied  and  has  little  ability  to  resist  heavy  forces. 

DESIGN  CONDITIONS  IN  AN  OVER-EXCITED  MOTOR 

The  majority  of  .synchronous  motors  are  now 
built  for  operation  over-excited  at  leading  power-fac- 
tors, thus  supplying  leading  reactive  k.v.a.  to  the  line 
on  which  they  operate,  and  raising  the  power-factor  of 
the  line.  When  a  .system  to  which  a  .synchronous  motor 
is  connected  operates  at  all  times  at  lagging  power-fac- 
tor, the  most  economical  and  beneficial  way  to  operate 
that  motor  is  at  the  maximum  value  of  field  current 
possible  without  exceeding  the  heating  limit.  The  motor 
power-factor  and  armature  current  then  change  with 
the  mechanical  load.  In  this  manner,  the  maximum  cor- 
rective effect  of  the  motor  will  be  obtained  at  all  times, 
and  the  motor  will  require  the  minimum  of  attention. 

In  the  ajjplication  of  a  synchronous  motor  to  com- 
mercial work,  the  designer  and  the  operator  both  desire 
to  apply  the  best  motor  obtainable  for  the  lowest  possi- 
ble price.  The  ordinary  synchronous  motor  is  hmited 
in  rating  b}-  the  field  heating  for  armature  voltages  not 
in  excess  of  r)6oo,  and  not  by  the  armature  heating.  In 
the  design,  therefore,  advantage  is  taken  of  the  large 
overload  capacity  in  an  over-excited  .synchronous  motor 
to  reduce  as  much  as  possible  the  air-gap  flux,  consistent 
with  other  design  factors.  A  reduction  in  this  factor 
has  the  effect  of  reducing  the  amount  of  field  flux  re- 
quired for  a  given  rating.  The  result  is  that  the  amount 
of  field  copper  required  is  less,  the  magnetic  section  to 
carrv  that  flux  is  reduced,  and  the  motor  is  made 
smaller  in  outside  dimensions.  A  motor  of  these  charac- 
teristics will  be  low  in  cost,  will  be  more  efficient,  will 
have  less  total  weight,  and  will  occupy  less  floor  space 
than  one  with  a  comparatively  large  air-gap  flux.  The 
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overload  capacity  will  indeed  be  reduced  in  this  type  of 
design,  but  the  motor  may  easily  be  made  capable  of 
carrxinjT  up  to  100  percent  overload,  v^hich  is  all  that  is 
ordinarily  required  in  commercial  practice. 

A  condenser  built  solely  for  leading  power-factor 
operation  is  an  extreme  case  of  an  over-excited  motor. 
In  such  a  machine  there  is  no  mechanical  load,  and  con- 
sequently no  external  force  to  pull  the  condenser  from 
synchronism.  The  field  heating  being  more  than  ever 
the  limiting  condition,  the  air-gap  flux  is  reduced  to  the 
very  minimum,  so  that  the  field  excitation  is  also  re- 
duced to  a  minimum.  The  saving  thus  elifected  makes 
it  possible  to  design  a  very  small,  efficient,  and  econom- 
ical machine  for  a  given  rating.  In  a  machine  of  this 
type,  the  armature  flux  is  far  greater  than  the  air-gap 
flux.  A  synchronous  condenser  operated  at  zero  lagging 
power-factor  operates  at  zero  field  excitation  when  the 
armature  flux  is  equal  and  opposite  to  the  air-gap  flux. 
This  limit  of  armature  flux  limits  the  armature  current 
at  zero  percent  lagging  power-factor  and  it  is  seen  that 
in  a  condenser  of  this  type,  this  value  of  armature  cur- 
rent is  much  smaller  than  the  normal  value  of  the  arm- 
atme  current  at  zero  leading  power-factor.  Conse- 
quent!}, a  motor  designed  only  for  zero  leading  power- 
factor,  can  be  operated  at  but  a  small  percentage  of  its 
rating  at  zero  lagging  power- factor. 

DESIGN  COXDITIOXS  IX  .\N  UNDER-EXCITED  MOTOR 

Very  l.irge  motors  and  condensers  occasionally  are 
installed  on  long  transmission  lines,  and  are  designed 
for  lagging  power-factor  operation,  so  that  they  may 
operate  against  the  charging  current  on  the  line  at  light 
loads.  A  motor  designed  for  leading  power-factor  op- 
eration, has  a  large  rotor  shift  for  small  lagging  power- 
factors,  with  consequent  poor  stability  and  small  capac- 
ity for  overloads.  To  im]»rove  the  stability  conditions, 
increase  the  overload  capacity,  and  obtain  a  compar- 
atively small  angle  of  rotor  shift  for  operation  at  low 
lagging  power-factors,  it  is  necessary  to  increase  the  air- 
gap  flux  and  reduce  the  armature  flux.  As  explained 
before,  these  two  changes  require  more  active  iron  and 
more  field  copper,  resulting  in  a  machine  of  larger  di- 
mensions, with  increased  cost,  greater  floor  space,  and 
greater  los.ses.  Were  the  motor  built  for  lagging  power- 
factor  operation  alone,  this  would  not  be  true,  but  the 
service  requirements  for  this  type  of  motor  demand 
both  leading  and  lagging  ]>ower-factor  operation,  and 
the  limitations  imposed  by  the  lagging  power- factor  op- 
eration bring  about  the  increases  enumerated. 

A  test  recently  made  on  a  2000  k.x.a.  condenser 
designed  solely  for  leatling  power-factor  operation, 
brings  out  these  points  \er>  clearly.  This  condenser, 
when  operated  at  zero  power-factor  lagging  operation 
and  no  field  excitation,  being  magnetized  entirely  bv 
the  armature  magnetomotive  force,  took  only  1170  k.v.a. 
This  condenser  was  excited  negatively  with  a  field  ex- 
citation of  15  percent  of  that  required  for  the  rated 
load  at  zero  leading  power-factor  before  the  torque  de- 
veloped by  the  core  loss  and  friction  and  windage  loss 
forced  it  from  synchronism.  With  this  negative  field  ex- 


citation, the  lagging  k.v.a.  at  zero  power-factor  was  in- 
creased to  1650. 

From  this  test,  it  is  seen  that  a  condenser  to  operate 
commercially  at  full  load  zero  power-factor  lagging 
must  have  the  air-gap  flux  greater  than  the  armature 
flux  at  rated  load.  A  condenser  that  operates  at  a  speci- 
fied k.v.a.  rating  and  zero  power  factor,  both  leading 
and  lagging,  must  have  a  .suiificiently  large  air-gap  flux 
so  that  the  condenser  will  operate  stably  at  zero  lagging 
power-factor,  and  ha\e  enough  active  material,  copper 
and  laminations,  so  that  the  condenser  will  operate  with- 
in safe  temperature  limits  at  zero  leading  power-factor 
with  the  greatly  increased  field  excitation  over  what 
would  normally  be  required.  These  requirements  at  the 
leading  and  lagging  power- factors  result  in  a  condenser 
that  is  considerably  more  expensive  than  one  designed 
only  for  operation  at  zero  [lov.er-factor  leading. 

PRACTICAL    USES    OF    THE    M.    M.    F.    DIAGRAM 

The  diagram  developed  in  Fig.  3  may  be  extended 
slightly  for  use  in  quantitative  work,  with  a  reasonable 
degree  of  accuracy  for  the  uses  given.  This  is  done  by 
substituting  for  the  various  flux  vectors  their  equivalent 
magnetomotive-forces  in  ampere-turns,  by  giving  con- 
sideration to  the  armature  \oltage  drops,  and  by  adding 
the  armature  voltage  vectors  as  given  in  Fig.  2. 

Dirision  of  Load  of  Frequency  Changer  Sets — 
When  two  or  more  synchronous  frecjuency  changer 
sets  are  operating  in  parallel,  the  load  is  divided  among 
the.se  sets,  in  proportion  to  the  angular  shift  of  the  gen- 
erator terminal  e.m.f.'s  from  the  impressed  e.m.f.  on  the 
motors.  It  has  been  demonstrated  that  the  angular  shift 
of  the  motor  rotating  part  may  be  varied  over  a  consid- 
erable range  by  varying  the  field  excitation.  An  increase 
of  rotor  shift  has  the  immediate  effect  of  changing  the 
angle  of  shift  of  the  terminal  e.m.f.  of  the  generator  and 
consequently  increasing  the  proportion  of  the  total  load 
carried  by  that  set.  Thus  the  division  of  load  between 
synchronous  frequency  changer  sets  may  be  changed  by 
changing  the  excitation  of  the  motor.  For  a  study  of  a 
specific  case  of  synchronous  frequency  changer  sets  op- 
erating in  parallel,  a  knowledge  of  the  angular  diver- 
gences is  recjuired. 

In  a  similar  way,  when  a  large  synchronous  fre- 
quency changer  .set  is  brought  up  to  speed  for  parallel- 
ing with  a  loaded  set,  the  incoming  set  must  be  con- 
nected to  the  line  a  definite  angle  out  of  phase  for  cor- 
rect paralleling.  This  angle  is  determined  by  the  total 
angle  of  shift  of  the  loaded  set.  Information  concerning 
the  angular  change  of  the  terminal  e.m.f.  with  changes 
in  load  and  po^-er- factor  is  valuable,  so  that  large  sets 
may  be  synchronized  easily  and  without  danger. 

The  angle  of  divergence  between  the  impressed 
e.m.f.  of  the  motor  end  of  the  set,  and  the  terminal 
e.m.f.  of  the  generator  end  of  the  set,  is  the  sum  of  four 
angles;  the  angle  between  the  impressed  e.m.f.  and  the 
internal  e.m.f.  of  the  motor,  the  angular  lag  of  the  field 
m.m.f.  of  the  motor  behind  the  air-gap  m.m.f. ;  the 
angle  of  lag  of  the  air-gap  m.m.f.  of  the  generator  be- 
hind the  field  m.m.f. ;  and  the  angle  between  the  induced 
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■e.m.f.  of  the  generator  and  the  terminal  e.m.f.  The 
angle  of  difference  between  the  terminal  e.m.f.  and  the 
internal  e.m.f.  of  both  motor  and  generator  may  be 
calculated  vectorially  when  the  armature  current,  re- 
sistance, and  reactance,  are  known  for  the  power-factor 
desired.  To  obtain  the  angle  between  the  field  m.m.f. 
and  the  air-gap  m.m.f.  for  both  the  motor  and  the 
generator,  it  is  necessary  to  calculate  the  armature  re- 
action or  in. ill. f.,  and  the  field  m.m.f.  for  both  machines, 


and  combine  them  as  in  Fig.  3,  to  obtain  the  angle  <t>. 
These  angles  are  all  in  the  same  direction,  so  that  the 
angular  divergence  between  the  impressed  e.m.f.  of  the 
motor  and  the  terminal  e.m.f.  of  the  generator  is  the 
numerical  sum  of  these  four  angles,  expressed  in  elec- 
trical degrees,  and  based  on  the  generator  end  of  the 
set.  This  calculation  can  be  made  easily  for  any  combin- 
ation of  load  or  power-factor  of  the  motor  and  gen- 
erator of  a  set  when  the  design  is  available. 

Synchronous  Boosters  are  necessarily  driven  by 
synchronous  apparatus,  connected  electrically  to  the 
line  on  which  the  booster  is  to  operate.  W'hen  a  booster 
operating  at  a  specified  power-factor  is  connected  to  a 
line  operating  at  the  .same  power-factor,  the  two  volt- 
ages will  not  be  in  phase,  but  will  have  an  angular  dif- 
ference, due  to  the  angular  change  in  both  the  driving 
motor  and  the  booster.  The  two  voltages  will  not  be 
added  directly,  and  the  angular  difference  between 
the  line  e.m.f.  and  the  booster  e.m.f.  inust  be  determined 
to  provide  the  additional  field  capacity  required  to  sup- 
ply the  deficit  in  booster  voltage.  This  is  obtained  in 
the  same  manner  as  is  given  in  the  previous  paragraph, 
for  a  frequency  changer  set. 

Synchronous  Condenser  Capacity — There  are 
many  applications  for  synchronous  condensers  operating 
at  both  leading  and  lagging  power- factors,  where 
the  demand  for  lagging  k.v.a.  to  correct  the  voltage 
is  appreciably  less  than  the  leading  k.v.a.  required  to 
to  correct  power-factor.  For  such  an  application, 
a  standard  synchronous  condenser,  designed  for  leading 
power-factor  operation,  may  be  used  with  a  direct  sav- 
ing in  first  cost,  and  in  operating  losses.  The  maximum 
lagging  k.v.a.  obtainable  from  a  synchronous  condenser 
may  be  calculated  by  means  of  the  m.m.f.  diagram. 
When  A  is  opposite  in  phase  and  is  equal  to  R,  Fig.  2, 
ttere  is  no  field  excitation,  and  the  condenser  is  entirely 
magnetized  by  the  armature  m.m.f.  From  this  maximum 
armature  m.m.f.,  calculated  by  means  of  the  m.m.f.  dia- 
gram, the  corresponding  maximum  armature  current  is 
founds  ajid  this  current  determines  the  maximum  k.v.a. 


at  zero  lagging  power-factor  that  may  be  obtained  with 
stable  operation. 

The  m.m.f.  diagram,  as  outlined,  is  on  the  basis  of 
a  straight  line  saturation  curve,  and  the  results  obtained 
are  inaccurate  to  that  extent.  When  a  motor  of  normal 
design  is  operated  at  leading  power-factors,  it  is  oper- 
ating at  a  range  of  comparatively  high  saturation.  At 
unity  power-factor  and  at  lagging  power-factor,  how- 
ever, the  motor  works  on  or  near  the  straight  parts  of 
the  saturation  curve.  For  the  applications  previously 
given,  the  angle  of  rotor  shift  is  small  at  leading  power 
factors,  where  the  m.m.f.  diagram  is  most  inaccurate; 
and  is  large  at  lagging  power-factors  where  the  diagram 
has  a  reasonable  degree  of  accuracy,  so  that  the  results 
obtained  have  a  minimum  of  error. 

PR.ACT1CAL  USES  OF  THE  E.   M.  F.  DIAGRAM 

The  fundamental  diagram  of  a  synchronous  motor 
shown  in  Fig.  2  may  be  changed  slightly  to  form  the 
familiar  e.m.f.  diagram,  from  which  practically  all  of 
the  characteristics  of  a  synchronous  motor  may  be  cal- 
culated. This  conversion  is  illustrated  by  Figs.  7  and  8, 
for  unity  power- factor,  and  consists  in  replacing  the 
fluxes  by  the  voltages  that  each  would  induce  were  it 
alone  acting  on  the  armature  winding.  The  flux  R  may 
be  replaced  by  the  internal  voltage  E'c,  the  flux  F  by  the 
voltage  Ef,  and  the  flux  A  by  tlie  voltage  Ea.  These 
voltages  are  all  90  degrees  from  their  respective  fluxes. 
The  impressed  voltage  E,  and  the  IZ  drop  of  the  arm- 
ature winding  are  shown  with  their  proper  values  and 
directions  in  the  diagram.  For  ease  in  calculation,  the 
two  armature  voltages,  representing  the  armature 
impedance  and  armature  reaction,  are  replaced  by  their 
resultant,  IZs.  This  is  the  product  of  the  armature  cur- 
rent and  the  so-called  "synchronous  impedance"*  of  the 
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FIG.    0.  FIG.    10. 

FIGS.    9  and   10 — S.\TUR.\TION    CURVES 

motor.  The  voltage  E.  is  the  voltage  that  is  induced  at 
no  load  In-  the  field  current,  corresponding  to  the  dia- 
gram condition.  These  three  voltages  are  combined  in 
Fig  8,  in  the  same  manner  that  the  fluxes  were  pre- 
viously grouped. 

To  use  this  e.m.f.  diagram,  it  is  necessary  to  have 
available  the  no-load  saturation  curve  and  a  zero  power- 
factor  saturation  curve**  of  the  motor  for  any  given  con- 
dition. These  two  basic  curves  are  shown  in  Fig.  9  with 

*Synchronous  impedance  equals  the  open-circuit  voltage 
divided  by  the  steady  short-circuit  current  with  the  same  field 
excitation.  See  the  Journ.\l  for  Feb.  191 5,  p.  85.  X.  is  the 
reactance  component  of  this  synchronous  impedance. 

**For  method  of  calculating  the  zero  percent  power- factor 
saturation  curve,  see  A.LE.E.  Standardisatiou  Knlcs.  para- 
graphs 585  and  586. 
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the  three  voUages  in  their  proper  position.  The  e.m.f. 
diagram  for  zero  leading  power-factor  is  a  straight  hne 
with  Ef,  equal  to  the  sum  of  E  and  IXs.  From  these 
curves,  the  load  saturation  curve  may  be  determined  at 
any  value  of  armature  current  and  at  any  power-factor. 
For  instance.  Fig.  10  shows  a  load  saturation  curve  for 
the  same  armature  current  as  for  the  zero  power- factor 
curve,  but  at  unity  power-factor.  To  determine  a  point 
on  this  curve,  the  voltage  vectors  are  taken  from  Fig.  9, 
but  are  combined  vectorially  so  that  the  vector  IXs  and 
E  for  the  chosen  field  current  are  combined  at  an  angle 
which  has  a  cos.  6  of  i.oo.  This  value  of  E  thus  ob- 
tained fulfills  the  condition  for  that  field  current,  and 
forms  a  point  on  the  load  saturation  curve.  This  vector 
addition  is  shown  in  Fig.  11.  The  other  points  for  that 
load  saturation  curve  may  be  obtained  in  the  same  man- 
ner 1)\-  choosing  var3nng  values  of  field  current  and  cal- 
culating the  value  of  E  to  correspond.  Load  saturation 
cur\  es  may  be  obtained  for  the  same  value  of  armature 
current,  but  at  other  power-factors,  by  combining  these 
voltages  so  that  the  angle  0  between  E  and  /A's  will  have 


FIG.    II.  FIG.    12.  FIG.    13. 

a  cosine  equal  to  the  power-factor  at  which  the  curve  is 
desired.  Figs.  12  and  13  show  this  vector  addition 
where  the  current  is  leading,  and  where  it  is  lagging  the 
impressed  e.m.f.  For  other  current  values  the  load  sat- 
uration curve  may  be  constructed  by  the  same  combina- 
tions as  before,  except  that  the  vector  IXs  changes  di- 
rectly as  the  armature  current. 

From  these  curves  the  field  current  may  be  calcu- 
lated for  any  load  and  power-factor;  the  power- factor 
may  be  calculated  for  any  load  and  field  current;  the 
change  in  power-factor  may  be  calculated  at  a  given 
motor  torque  and  field  current  for  a  reduction  in  im- 
pressed e.m.f.,  etc.  The  results  obtained  from  this  dia- 
gram take  into  account  the  effect  of  saturation,  and  ac- 
cordingly have  a  close  degree  of  accuracy.  This  fact, 
together  with  the  simplicity  and  rapidity  with  which  re- 
sults may  be  obtained,  make  it  the  most  desirable  dia- 
gram for  use  in  synchronous  motor  calculation. 

For  example,  to  calculate  the  field  current  from 
curves  such  as  those  in  Fig.  9  for  a  line  voltage  of 
2200,  and  an  armature  current  of  26  amperes,  at  a 
power-factor  of  80  percent  leading,  assume  that  the 
zero  percent  power-factor  curve  is  taken  at  this  value 
of  armature  current.  The  value  of  the  field  current  at 
26  armature  amperes  and  zero  percent  leading  power- 
factor  IS  14.5.  As  a  starting  point,  calculate  the  point 
on  the  80  percent  leading  power- factor  load  saturation 
curve  at  j6  amperes,  for  a  field  current  of  14.5  am- 
peres, as  in  Fig.  12.  A  terminal  voltage  point  on  this 
curve  of  2520  results.  Calculating  another  point  on  this 
load  curve  for  12  field  amperes,  a  terminal  voltage  point 
of  2150  is  obtained.  A  curve  drawn  through  these  two 


load  at  80  percent  power- 
factor  leading. 


points  forms  part  of  the  load  saturation  curve  for  26 
armature  amperes,  and  80  percent  leading  power-factor. 
Consequently,  the  intersection  of  that  curve  with  the 
line  voltage  will  give  the  field  current  required  for  that 
condition. 

This  diagram  is  also  applic- 
able for  alternating-current  gen- 
erator calculations,  and  in  addi- 
tion to  the  results  previously 
mentioned,  the  regulation  of  the 
generator  may  be  obtained  for 
various  loads  and  power  factors. 

A  very  important  use  of  this 

J.  ....  .  .  FIG.    14 — E.M.F.   DIAGRAM 

diagram  is  in  the  determination  p„^  ^  ^„j„,  ^^^^^le  of 

of   the  maximum   horse-power  a    carrying  300  percent  over 

synchronous    motor    can    earn 

with  normal  field  excitation,  a 

for  railway  service,  where  the  sudden  overloads  are  as 

large  as  200  percent,  and  last  as  long  as  five  minutes. 

In  Fig.  14  is  given  an  e.m.f.  diagram  for  a  motor 
that  is  operated  at  80  percent  power-factor  leading,  and 
is  capable  of  carrying  300  percent  of  normal  load  with 
normal  field  excitation,  without  falling  out  of  step.  £ 
is  the  line  voltage,  and  Ep  and  IXs  have  been  obtained 
from  an  accurate  zero  power-factor  saturation  curve, 
calculated  or  tested,  at  normal  armature  current.  The 
torque  producing  component  of  the  motor  current  is 
represented  by  ab.  It  has  been  shown  that  the  maximum 
torque  of  the  motor  is  developed  when  Ef  is  at  right 
angles  to  E  and  therefore  the  maximum  value  of  ab 
possible  with  stable  operation  is  Er.  Consequently  the 
torque  the  motor  can  develop  under  these  conditions 
is  'P.^-^ab  times  full-load  torque,  or,  in  this  case,  three 
times  full-load  torque. 

A  number  of  motors  of  different  designs,  from 
which  actual  pull-out  tests  have  been  made,  have  been 
checked  by  this  method  and  the  results  given  in  Table  I. 
These  calculated  results  check  the  test  results  with 
reasonable  accuracy. 

The  e.m.f.  diagram  can  also  be  used  to  advantage 
in  determining  the  maximum  torque  of  a  motor  for 
other  conditions  of  operation,  such  as  motors  installed 
on  transmission  lines  where  the  line  voltage  fluctuates 
widely,  and  it  is  desired  to  find  the  lowest  permissible 

TABLE   I — SYNCHRONOUS   MOTOR  TEST  DATA 


S  ^ 

«■ 

■- 

u 

Test 
Remarks 

1-120 

SO 

900 

60 

1065 

1180 

70  lag 

Limit  of 
Stable  Operation 

1420 

so 

900 

60 

1600 

1770 

80  lag 

Limit  of 
Stable  Opeiatiori 

720 

80 

900 

60 

1720 

1750 

80  lag 

Limit  of 
Stable  Operation 

720 

100 

900 

60 

1720 

17C0 

73  lag 

Limit  of 
Stable  Operation 

1420 

80 

500 

25 

2600 

2970 

82  lag 

Motor  Pulled  Out 

v'oltage  at  which  the  synchronous  motor  will  carry  its 
laily  load  and  not  fall  out  of  step.  It  may  also  be  used 
to  advantage  where  it  is  desired  to  know  the  maximum 
lagging  power-factor  at  which  the  motor  can  operate 
stably  and  successfully  carry  its  rated  loads. 


|y?)iinse  Motor  Connectloii  j)ia;^i'au\^-IV 


A.  M.  Dudley 
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FIG.    38— TWO-I'HASE,   SERIES   GKOUPING 


+   ''- 


A.       A,       B,       B: 
FIG.   41 — TWO-PHASE,    EIGHT-PARAI.LEL    GROUPING 


i       1 
Fit;.   3f>— TWO-l'HASE,    TWO- PARALLEL   GROUPING 


B       C 
FIG.   42 — THREE-PHASE,    SERIES,    STAR   GROUPING 


FIG.    40 — TWO-PHASE,   FOUR-PARALLEL   GROUPING 


FIG.   43— THREE-PHASE,    TWO-['ARALLEL,    STAR    GROUPING 
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FIG.   44 — THREE-PHASn,    FOl'R-l'AKALLEL,    STAR    GROUPING  FIG.    47 — THREE-PHASF,,    TWO-PARALLEL,    DELIA    GROUPING 


FIG.    45— THREE-PHASE,  EIGHT-PARALLEL,  STAR  GROUPING 


ABC 
FIG.    4cS — THREE-PHASE,   FOUR-PARALLEL,  IIELT.V  GROUPING 


FIG.   46— THREE-PHASE,    SERIES,    DELTA    GROUPING  FIG.   4O— THREE-PHASE,    EIGHT-PARALLEL,    DELTA    GROUPING 

The  above  diagrams  represent  all  usual  connections  for  an  eight-pole  lap  winding. 


Sill; 


!>ha^o 


CvOidiivitatoi'  Motors 


R.  E.  Hellmund 


In  the  Journal  for  March,  1916,  an  article  was  pubUshed*  giving  a  classification  of  single-phase 
commutator  "motors  with  stator  excitation  and  a  single  cross  field  winding.  In  discussing  the  numerous 
possible  conections,  it  was  pointed  out  that  their  relative  merits  depend  upon  the  particular  conditions 
given  by  frequency,  speed,  load,  motor  design,  etc.,  sorne  connections  being  most  advantageous  in  certain 
cases,  while  other  connections  are  more  advantageous  in  other  cases.  Some  of  the  principal  factors  govern- 
ing the  choice  of  the  motor  type  were  commutation  and  torque  conditions.  The  present  article  further 
discusses  these  factors  and  the  modifications  of  the  fundamental    motor    types    relating   thereto,     (Ed.) 


THE  IDEAL  condition  for  commutation  is  ob- 
tained if  the  sum  of  the  sparking  voltages  caused 
by  the  pulsations  of  the  torque  field  and  the  re- 
actance voltage  caused  by  the  commutation,  as  in  a 
direct-current  machine,  is  equal  and  opposite  to  and, 
therefore,  fully  neutralized  by  the  voltage  induced  by 
the  rotation  of  the  commutating  coils  in  the  cross  field. 
The  ideal  condition  for  the  production  of  useful  torque 
is  obtained  if  the  armature  current  is  in  phase  with  the 
torque  field.  These  conditions  are  fulfilled  to  a  greater  or 
less  degree  by  the  various  fundamental  motor  connec- 
tions available.  It  happens,  however,  that  at  times  the 
connection  giving  good  conditions  in  certain  respects  is 
not  ideal  from  one  or  more  other  points  of  view  and, 
for  these  reasons,  some  modifications  of  the  funda- 
mental connection  diagrams  are  desirable  at  times. 


The  cross  field  flux  is  shifted  90  degrees  from  the  im- 
pressed motor  voltage  and  induces  by  rotation  a  com- 
pensating voltage  Cc.  This  voltage  happens  to  be  exactly 
opposite  in  phase  and  equal  to  e<-  in  Fig.  i  which  means 
ideal  commutating  conditions. f 

If,  however,  the  motor  has  a  lower  power-factor 
and  a  smaller  reactance  voltage  €<  as  in  Fig.  2,  that  is, 
if  conditions  are  such  as  usually  prevail  at  low  speeds 
with  any  of  the  cominercial  frequencies  and  also  for 
fairly  high  speeds  with  higher  frequencies,  the  phase 
relations  for  the  sparking  voltages  are  as  shown  in  Fig. 
2.  It  will  be  seen  that  no  matter  how  exactly  the  crim- 
pensating  voltage  e^  may  be  adjusted,  there  will  always 
be  an  appreciable  resultant  sparking  voltage  t'«  because 
e<:  and  e^  are  not  180  degrees  apart  in  phase.  Similar 
conditions  may  apply  if  the  power-factor  is  higher  than 


METHODS   FOR    MODIFYING    PHASE    RELATIONS    IN    STATOR 

EXCITED  SINGLE-PHASE  MOTORS,  WITH  A  SINGLE 

CROSS   FIELD   WINDING. 

As  an  example  of  a  case  where  one  condition  is 
fulfilled,  while  other  conditions  are  not  ideal,  consider 
a  transformer  conduction  (doubly- fed)  motor**  with 
the  torque  field  excited  by  the  armature  current,  as 
shown  in  Fig.  4  (9-a).  Since  the  main  field  is  connected 
directly  in  series  with  the  armature,  the  armature  cur- 
rent and  the  main  or  torque  field  are  naturally  in  phase, 
thereby  giving  ideal  torque  conditions.  It  may  or  may 
not  happen,  however,  that  the  commutating  conditions 
are  satisfactor}%  as  is  illustrated  by  Figs.  I  to  3.  In 
Fig.  I,  the  impressed  motor  voltage  may  be  represented 
by  the  vector  E  and  the  armature  current  which  also 
flows  in  the  torque  field  by  the  vector  /  lagging  a  cer- 
tain angle  behind  this  voltage.  In  phase  with  the  cur- 
rent is  the  reactance  sparking  voltage  er  caused  by  the 
commutation  in  the  short-circuited  coil,  while  the  spark- 
ing voltage  caused  by  the  pulsation  of  the  main  field 
lags  90  degrees  behind  the  field  which,  in  turn,  is  in 
phase  with  / ;  this  sparking  voltage  is  represented  by  the 
vector  e\:  The  resultant  of  er  and  ev  is  represented  by  et. 


*"Single-phasc  Commutator  Motors,"  by  R.  E.  Hellmund 
and  J.  V.  Dobson,  in  the  Journal  for  March,  1916.  This 
article  will  frequently  be  referred  to  in  the  present  discussion, 
and  whenever  one  of  the  present  figures  corresponds  closely 
to  a  figure  of  the  previous  article,  the  number  of  the  figure 
of  the  previous  article  will  be  given  in  parenthesis. 

**Since  the  writing  of  the  article  in  the  Journal  for 
March,  1916,  the  A.I.E.E.  has  adopted  a  nomenclature  for 
some  single-phase  commutator  motors,  and  this  nomenclature 
will  therefore  be  used  in  this  article  in  preference  to  the  ex- 
pressions used  in  the  previous  article.  The  corresponding  ex- 
pressions of  the  previous  article  will,  however,  at  times  be 
given  in  parenthesis. 


FIG.    I.  FIG.    2.  FIG.   3. 

FIGS.    I    TO    3— F,FFi:CT    OF    VARIATION    OF    THF.    RKACTANCE    VOLTAGE 
AND    THE    MOTOR    I'OWEK-FACTOR    O.N    THE    SPARKING    VOLTAGE 

shown  in  Fig.  i  and  if  the  reactance  voltage  e^  happens 
to  be  very  large,  as  shown  in  Fig.  3,  as  usually  is  the 
case  with  low-frequency  motors  running  at  high  speeds. 
Here  again  there  is  an  appreciable  sparking  voltage  €• 
but  it  is  almost  opposite  in  direction  to  the  sparking 
voltage  e^  in  Fig.  2. 

In  other  types  of  motors,  for  instance  in  motors 
with  the  torque  field  excited  by  the  cross  field  current, 
reverse  conditions  may  apply,  that  is,  the  commutation 
may  be  satisfactor)'  while  the  torque  conditions  are  un- 
satisfactory on  account  of  the  torque  field  and  armature 
current  being  out  of  phase.  Again,  in  other  cases,  both 
torque  and  commutation  may  be  unsatisfactory-. 

It  is  evident  from  the  previous  considerations  that 
it  mav  be  desirable  to  effect  certain  modifications  in  the 
phase  of  one  circuit  or  the  other  in  order  to  improve 

fA  more  detailed  discussion  of  the  commutating  phenomena 
is  given  in  an  article  on  "Single-phase  Commutator  Motors"  by 
Messers.  R.  E.  Hellmund  and  E,  W.  P.  Smith,  in  the  Journal 
for  May,  '12,  p.  420;  July  '12,  p.  622;  Aug.  12,  p.  709  and  Sept. 
'12,  p.  786. 
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either  the  torque  or  commutating  conditions  or  both 
and,  even  though  it  may  not  be  possible  to  make  both 
conditions  ideal  in  all  cases,  certain  phase  modifications 
may  often  serve  to  make  both  conditions  satisfactory 
for  practical  purposes.  Such  phase  modifications  can 
be  obtained  by  introducing  out  of  phase  e.m.f.'s  into 
one  circuit  or  the  other,  or  into  several  circuits  at  the 
same  time.*  Figs.  4  to  10  show  by  little  squares  marked 
a,  c,  d  and  s,  the  various  circuits  or  leads  into  which 
e.  m.  f.'s  may  be  introduced  in  connection  with  the  dif- 
ferent motor  types  shown  in  the  previous  article.** 

In  the  transformer  conduction  motor  of  Fig.  4 
(9-a)  an  e.m.f.  may  be  introduced  into  the  cross  field 
circuit  at  c,  in  the  armature  circuit  a,  or  into  the  lead 
carrying  the  difference  of  the  two  currents  at  d.  In 
Fig.  5  (9-b),  in  which  one  lead  carries  the  sum  of  the 
two  currents,  an  e.m.f.  may  be  introduced  into  either  of 
the  two  circuits  or  into  the  lead  carrying  the  sum  of  the 
two  currents  at  .y.  Similar  conditions  apply  to  Fig.  6 
(13-a)  and  Fig.  7  (13-b)  in  which  the  main  field  is 
excited  by  the  cross  field  current,  as  well  as  in  Figs.  8 
(21 -a),  9  (25)  and  10  (32)  in  which  the  main  field  is 
excited  by  the  sum  of  the  currents,  the  difference  of 
the  currents  or  a  separate  source,  respectively. 

The  various  practical  means  for  producing  an  out- 

of-phase  e.m.f.  are  as  follows: — 

I — Resistance. 
2 — Capacitance, 
3 — Straight  inductance. 

4 — Mutual   inductance,   or  series   transformer  between   the 
various  locations  marked  in  the  previous  figures. 
5 — Auxiliary  dynamo-electric  machines. 

A  resistance  is  usually  not  very  well  adapted  to  fur- 
nish out-of-phase  e.m.f.'s,  since  the  currents  in  the  var- 
ious circuits  are  in  most  cases  not  much  out  of  phase 
with  the  line  or  main  transforiner  e.m.f.'s  and  since  the 
voltage  produced  by  a  resistance  is  in  phase  with  the 
current.  Moreover,  a  resistance  means  corresponding 
losses  and  low  efficiency.  For  these  reasons,  resistors 
are  not  often  used  for  phase  correction  although  they 
may  be  useful  under  certain  conditions  as,  for  instance, 
witli  short  time  starting  or  transition  connections,  for 
which  the  losses  are  of  no  great  practical  importance. 

Condensers  will  give,  in  many  cases,  satisfactory 
results  with  only  small  losses.  A  condenser  has  more- 
over the  advantage  that  it  usually  has  a  favorable  effect 
on  the  motor  power- factor.  Nevertheless,  condensers 
have  not  been  used  much  because  they  have  not  been 
commercially  perfected. 

Straight  inductances  are  usually  well  adapted  for 
producing  out-of-phase  voltages  and  although  they  may 

*It  is  not  intended  to  give  the  detailed  discussion  of  all 
possibilities  along  this  line  and  their  relative  merits,  but  merely 
to  indicate  in  a  general  way,  why  and  where  phase  modifying 
means  of  one  kind  or  other,  are  or  may  be  used. 

**Since  it  has  been  shown  in  the  previous  article  that 
most  possible  connections  like  the  transformer  (stator  fed) 
motor,  reverse  transformer  conduction  (reverse  doubly-fed) 
motor,  etc.,  are  only  special  cases  of  the  various  possible 
transformer  conduction  (doubly-fed)  motors,  only  motors  of 
the  transformer  conduction  type  are  shown  in  the  present 
article  under  the  assumption  that  the  corresponding  special 
cases  can  be  easily  derived  therefrom  by  referring  to  the 
previous  article. 


slightly  reduce  the  power-factor  of  the  motor,  the  re- 
quired size  is  often  so  small  that  the  harmful  effect  upon 
the  motor  power-factor  is  negligible.  With  connections 
as  shown  in  Fig.  4,  for  instance,  a  small  inductance  at 
c  will  often  be  useful  for  slow-speed  operation  while  a 
small  inductance  at  d  is  productive  of  good  results  at 
high  speeds  in  cases  where  the  current  relations  in  the 
motor  are  such  that  the  armature  current  is  larger  than 
the  cross  field  current. 

Mutual  inductances  or  series  transformers  between 
various  circuits  or  leads  may  prove  to  be  of  advantage 
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in  certain  cases,  although  they  have  not  been  used  much 
in  the  past.  Fig.  11  shows  one  of  the  many  possible 
combinations  of  this  kind. 

Auxiliary  dynamo-electric  machines  for  the  pur- 
pose of  introducing  out-of-phase  e.  m.  f.'s  are,  as  a  rule, 
not  desirable  because  the  addition  of  any  rotating  piece 
of  apparatus  adds  to  the  complication  and  maintenance. 
On  the  other  hand,  dynamo-electric  machines  have  the 
advantage  that  voltages  of  any  desirable  phase  may  be 
induced  conveniently  without  affecting  the  efficiency  or 
the  power- factor.  At  times  an  auxifiary  machine  neces- 
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sary  for  some  other  purpose  may  be  used  to  good  ad- 
vantage for  phase  modification  of  the  main  motor  cir- 
cuit without  adding  much  complication.  In  such  cases, 
and  possibly  in  case  of  very  large  motors,  the  use  of  an 
auxiliary  machine  may  be  justified. 

The  e.  m.  f.'s  to  be  introduced  are  usually  at  right 
angles  to  the  line  voltage,  because  whatever  component 
in  phase  with  the  line  voltage  is  desirable  can  be  derived 
directly  or  indirectly  through  transformers  from  the 
line.  For  this  reason,  dynamo-electric  machines  em- 
ployed for  the  present  purposes  are  usually  phase  con- 
verters. Fig.  12  shows  a  phase  converter  PC  of  the 
commutator  type  with  an  armature  A^,  a  cross  field  C,, 
and  a  main  field  Fj.  The  voltage  induced  in  the  arma- 
ture Ai  is  about  at  right  angles  to  the  voltage  of  the 
transformer  T  since  the  field  F^  being  induced  by  the 
transformer  voltage  builds  up  a  flux  at  right  angles  to 
this  voltage.  Fig.  13  shows  a  phase  converter  of  the 
induction  type  for  the  same  purpose,  having  a  primary 
winding  P,  a  rotor  winding  R  and  an  output  winding  S. 
As  previously  mentioned,  an  inductance  is  one  of 
the  most  convenient  means  for  obtaining  the  proper 
phase  adjustment.  The  stator  excited  torque  field,  being 
an  inductance,  has  the  same  effect  as  an  external 
inductance.  As  a  matter  of  fact,  this  is  the  reason 
why  the  use  of  the  main  field  in  one  circuit  or  the  other, 
along  the  lines  of  the  previous  article,  may  give  good 
conditions  under  varying  circumstances.  The  vector 
diagram.  Fig.  i,  gives  one  example,  for  which  the  in- 
ductance of  the  main  field  gives,  in  itself,  the  proper 
results  with  one  of  the  fundamental  types  of  motors. 
The  only  cases  in  which  an  external  e.  m.  f.  has  to  be 
introduced  would  be,  therefore,  those  in  which  the 
self-inductance  of  the  main  field  introduces  too  much 
or  too  little  of  the  phase  modifying  effect  into  the  cir- 
cuit in  which  the  main  field  is  located. 

In  cases  where  the  self-inductance  of  the  main  field 
introduced  into  one  of  the  circuits  is  too  large,  while 
another  circuit  has  not  sufficient  self-inductance  to  give 
proper  phase  relations,  it  is  evident  that  good  results 
may  be  obtained,  without  external  means,  by  introduc- 
ing part  of  the  self-inductance  of  the  main  field  into  one 
circuit  and  part  into  some  other  circuit.  This  can  be 
accomplished  by  providing  the  field  with  a  tap,  as  shown 
in  Figs.  14,  to  18.  In  Fig.  14,  for  instance,  part  of  the 
main  field  is  excited  by  the  armature  current  and  part 
by  the  cross  field  current  and  such  a  connection  should, 
therefore,  give  good  results  for  low  and  medium  speeds. 
In  Fig.  15  part  of  the  field  is  excited  by  the  sum  of  the 
currents  and  part  by  the  armature  current  only.  Part 
of  the  main  field  in  Fig.  16  is  excited  by  the  sum  of  the 
currents  and  part  by  the  cross  field  only.  In  Fig.  17 
the  torque  field  is  excited  partly  by  the  armature  cur- 
rent and  partly  by  the  difference  of  the  armature  and 
cross  field  current,  while  in  Fig.  18  part  of  the  torque 
field  is  excited  by  the  cross  field  current  and  part  by 
the  difference  between  the  armature  and  cross  field  cur- 
rents. This  connection  is  of  some  special  interest  if  the 
tap  is  in  about  the  middle  of  the  main  field  because  the 


resultant  magnetizing  effect  of  the  torque  field  is  then 
the  same  as  if  the  field  were  excited  by  the  armature 
current,  that  is,  the  torque  field  will  be  in  phase  with 
the  armature  current.  This  is  evident  because  the  arma- 
ture current  splits  up  in  two  parts  at  the  field  tap  and 
each  part  goes  through  the  same  number  of  turns  of 
the  field,  which  is  the  same  as  if  the  entire  armature 
current  were  flowing  through  the  same  number  of  turns. 
While,  therefore  the  torque  conditions  of  Fig.  18  are 
the  same  as  those  of  Fig.  4,  the  main  field  inductance  is 
in  two  different  circuits,  and  may  thus  give  ideal  com- 
mutating  conditions  under  certain  circumstances,  under 
which  Fig.  4  would  not  be  satisfactory. 

The  tapping  of  the  main  field  may  at  times  not  be 
convenient  on  account  of  the  extra  leads  to  the  motor. 
Equivalent  conditions  may  be  obtained  by  connecting  a 
tapped  transformer  across  the  field  F  as  shown  in  Fig. 
19.  With  this  connection  ideal  commutating  conditions 
can  always  be  obtained  by  properly  adjusting  the  tap  t^ 
on  the  main  transformer  T  and  the  tap  t„  on  the  aux- 
iliary transformer,  T«.  Other  possibilities  for  phase 
modification  along  similar  lines  are  obtained  with  a 
subdivided  main  field,  if  one  part  is  excited  by  a  trans- 
former current  or  a  separate  exciter  of  some  kind  or 
other,  and  the  other  part  by  some  of  the  various  avail- 
able motor  currents,  etc. 

All  phase  modifying  means  so  far  discussed  con- 
sist of  the  introduction  of  the  proper  phase  modifying 
e.  m.  f.'s  in  series  with  certain  windings  of  the  motor. 
Other  possibilities  are  introduced  if  means  for  shunting 
out-of-phase  currents  from  some  part  of  the  motor  are 
considered.  If,  for  instance,  a  resistor  or  a  condenser  is 
connected  in  parallel  to  the  main  field  or  a  part  of  it,  an 
out-of-phase  current  will  be  shunted,  leaving  within  the 
main  field  a  current  which  is  also  out  of  phase  with  the 
current  of  the  circuits  into  which  the  field  is  connected. 
This,  of  course,  will  change  the  phase  of  the  main  field, 
thereby  changing  the  phase  of  the  pulsating  sparking 
voltage  and  with  it,  the  commutating  conditions.  At 
the  same  time,  the  relation  between  the  armature  current 
and  torque  field  will  be  changed,  thereby  afi'ecting  the 
torque  conditions.  A  dynamo-electric  machine  might 
again  be  used  in  place  of  the  resistor  or  the  condenser. 
Similarly,  it  is  possible  to  bring  about  certain  phase 
modifications  by  shunting  current  out  of  the  armature 
or  out  of  the  cross  field  by  resistors,  condensers,  reac- 
tors, auxiliary  machines,  auxiliary  transformers,  or  the 
like. 

METHODS   FOR  VARYING  THE  FIELD  STRENGTH   IN   STATOR 

EXCITED    SINGLE-PHASE    MOTORS,    WITH    SINGLE 

CROSS  FIELD 

It  has  been  shown  that  satisfactory  commutation 
can  be  obtained  by  phase  modifying  means  in  case  the 
fundamental  type  of  motor  does  not  give  the  proper 
phase  relations.  In  the  previous  article  it  was  further 
pointed  out  that  the  size  of  the  e.  m.  f.  £■=  which  compen- 
sates for  the  sparking  voltages  can  be  adjusted  in  size 
bv   shifting,   for  instance,  the  middle  tap  of  a  trans- 
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former  conduction  (doubly  fed)  motor,  shown  in  Fig. 
4,  or  by  shifting  some  tap  in  the  other  connection  dia- 
grams. It  was  also  shown  that  such  shifting  leads  at 
times  to  the  use  of  the  special  cases  of  the  transformer 
■conduction  motor,  namely,  the  transformer  motor,  the 
reversed  transformer  conduction  motor,  etc.  Such  ad- 
justment is  very  satisfactory  over  wide  ranges  of  speed 
but  it  fails  at  or  near  standstill  operation.  Since  the 
compensating  voltage  €■  is  induced  by  rotation  of  the 
short-circuited  coil  in  the  cross  field,  it  cannot  be  effec- 
tive when  there  is  no  rotation,  namely,  at  starting.  Even 
at  low  speeds,  it  is  hard  to  obtain  good  results  because, 
in  order  to  obtain  a  sufficient  commutating  voltage,  the 
itrength  of  the  cross  held  would  have  to  be  beyond 
practicable  limits.  For  similar  reasons  the  reactance 
•voltage  which  is  also  caused  by  rotation  is  absent  or 
small  at  standstill  and  low  speeds.  On  the  other  hand, 
the  voltage  €<•  induced  by  the  pulsating  of  the  main  field 
is  governed  only  by  the  main  field  strength,  the  number 
of  short-circuited  turns  and  the  frequency,  and  it  exists 
no  matter  whether  the  motor  rotates  or  not.  If,  there- 
fore, this  sparking  voltage  is  permitted  to  be  too  large 
at  or  near  standstill  while  there  are  no  means  available 
for  C()mi)e:is;!ting  it,  destructive  and  harmful  sparking 


ma>-  result.  It  follows  directly  that  since  the  line  fre- 
quency is  usually  fixed,  the  only  means  for  holding 
•down  the  sparking  voltage  at  starting  is  to  have  a  small 
flux  per  pole  and  a  small  number  of  turns  short-cir- 
cuited by  the  brushes.  The  latter  condition  is  usually 
fulfilled  in  single-phase  commutator  motors,*  but  the 
use  of  too  small  a  flux  per  pole  over  the  entire  range  of 
■operation  leads  to  uneconomical  design,  requiring  a  very 
large  number  of  poles,  many  brush  holders,  etc.  Instead 
of  holding  down  the  sparking  voltage,  their  effect  can  be 
minimized  by  resistance  leads  which  limit  the  short- 
circuited  currents.  The  use  of  such  leads  has,  however, 
certain  disadvantages  and  it  is,  therefore,  frequently 
found  advisable  to  obtain  satisfactory  operating  condi- 
tions by  designing  the  motor  for  fairly  strong  fields  for 
the  running  operation  and  to  employ  means  for  tempor- 
arily weakening  the  fields  at  standstill  and  at  very  low 
speeds,  by  one  of  the  following  methods. 

In  Fig.  20  is  shown  a  tapped  main  field  F  as  com- 
monly used  in  connection  with  direct-current  motors  for 


*See  also  article  on  Single-Phase  Commutator  Motors" 
by  R.  E.  Hellmund  and  E.  \V.  P.  Smith,  in  the  Iol'rnal  for 
February  and  April,  1012,  pn.   128  and   ^5^ 


vaiying  the  field  strength.  By  closing  switch  2  on  tap  t^, 
liart  of  the  field  turns  may  be  made  effective,  and  by 
closing  switch  I  with  switch  2  open,  the  entire  field  may 
lie  made  effective.  This  method  of  field  variation  is 
quite  satisfactory  and  is  only  objectionable  because  the 
extra  lead  going  to  t.-.  is  often  heavy  and  cumbersome. 
In  Fig.  21  is  shown  an  inductance  /  which  may  be 
connected  in  parallel  to  the  field  F  by  the  switch  i  for 
the  purpose  of  shunting  part  of  the  field  current,  there- 
by weakening  the  field.  Since  the  main  field  is  purely 
inductive,  it  is  evident  that  the  shunting  device  should 
be  an  inductance  because  the  use  of  either  resistance  or 
capacitance  would  shunt  a  current  out  of  phase  with 
the  field  current,  thereby  effecting  its  phase  relations, 
which  is  usually  not  desirable.  At  times,  it  may,  how- 
ever, be  desirable  to  effect  slightly  the  phase  and  then  a 
small  resistance  or  capacitance  may  be  used  in  addition 
to  the  inductance.  The  use  of  a  shunt  inductance,  while 
satisfactory,  is  somewhat  objectionable  because  it  calls 
for  a  separate  piece  of  apparatus ;  also,  because  it  is 
necessary  to  design  the  inductance  with  regard  to  its 
saturation,  etc,  very  carefully,  in  order  to  avoid  disturb- 
ing higher  harmonics  in  the  main  field  which  might  lead 
to  bad  commutating  conditions. 

In  Fig.  22  is  shown  the  armature 
^1  of  a  small  auxiliary  machine  for 
the  purpose  of  shunting  part  of  the 
field  current  in  place  of  the  induct- 
ance shown  in  Fig.  21.  An  auxiliary 
machine  for  such  purposes  is  usually 
undesireable  but  may  be  considered 
in  special  cases  where  such  a  machine 
may  exist  for  some  other  purpose 
as  for  instance,  in  case  of  regenerative 
,„...;  control  with  a  separate  exciter.     In- 

stead of  merely  shunting  part  of  the 
field  current  it  is  possible,  of  course,  to  have  separate 
excitation  by  means  of  an  exciter  machine,  and  in  such 
a  case  it  is  usually  very  easy  to  vary  the  field  strength  by 
varying  the  voltage  of  the  separate  exciter. 

In  Fig.  23  a  series  autotransformer  T.  is  used  for 
the  purpose  of  varying  the  field  strength.  The  full  field 
is  obtained  with  switch  /  closed  while  the  weak  field  can 
be  obtained  by  closing  switches  2  and  j.  The  onlv  ob- 
jection to  this  arrangement  is  that  it  requires  an  extra 
piece  of  apparatus. 

The  main  field  may  also  be  split  up  into  two  por- 
tions F,  and  ¥„,  which  are  shown  connected  in  parallel 
in  Fig.  24  (a)  for  obtaining  a  weak  field  when  starting, 
and  in  series  in  Fig.  24  (b)  for  obtaining  full  strength 
while  running.  This  arrangement  is  usually  not  very 
advantageous  since  it  not  only  requires  a  large  number 
of  leads  to  the  field,  but  also  a  large  number  of  switches 
for  effecting  the  change  from  one  connection  to  another. 
Other  convenient  means  for  changing  the  field 
strength  are  shown  in  Figs.  25  to  27.  It  was  shown  in 
the  previous  articles  that  the  armature  and  the  cross 
field  may  be  considered  as  the  two  windings  of  a  trans- 
former and  that  the  ratio  of  turns  for  the  two  windings 


326 


THE    ELECTRIC    JOURNAL 


may  be  chosen  to  suit  practical  conditions  best  If  it 
is  assumed,  for  instance,  tliat  the  armature  has  less 
turns  than  the  cross  field,  the  current  in  the  armature 
will  be  larger  than  in  the  cross  field,  both  currents  being 
about  proportional  to  the  load.  If,  therefore,  the  torque 
field  is  connected  in  series  with  the  cross  field  carrying 
a  relatively  small  current  as  shown  in  Fig.  25  (a)  a 
relatively  weak  main  field  is  obtained  for  starting  pur- 
poses. If  the  torque  field  is  subsequently  connected  in 
series  with  the  armature,  as  shown  in  Fig.  25  (b)  a 
relatively  strong  field  is  obtained,  since  the  armature 
carries  a  larger  current.  Similar  results  could  be  ob- 
tained by  designing  the  cross  field  with  a  smaller  num- 
ber of  turns  than  the  armature  and  employing  the  two 
connections  of  Fig.  25  in  the  opposite  succession. 

A  similar  possibility  of  field  variation  is  shown  in 
Fig.  26.  For  starting,  the  torque  field  carries  only  the 
armature  current,  as  shown  in  Fig.  26  (a)  ;  for  running, 
the  connections  are  changed  so  that  the  torque  field  car- 
ries the  sum  of  the  armature  and  cross  field  current  giv- 
ing, of  course,  an  increased  field  strength.  It  is  also  pos- 
sible to  start  a  motor  with  the  torque  field  carrying  the 
cross  field  current  when  starting  and  the  sum  of  the 
currents  when  running. 

In  Fig.  27,  it  is  assumed  that  the  armature  has  a 
smaller  number  of  turns  and,  therefore,  a  larger  cur- 
rent than  the  cross  field.  The  torque  field  carries  the 
difference  between  the  armature  and  cross  field  current 
during  starting  and  the  full  armature  current  during 
running,  as  shown  by  Figs.  27  (a)  and  (b)  respectively. 
Other  similar  modifications  could  be  obtained  by  chang- 
ing from  the  difference  of  the  currents  to  the  cross  field 
current  or  even  to  the  sum  of  the  currents.  In  this  man- 
ner, three  different  field  strength  might  be  obtained. 

Whenever  a  tapped  main  field  is  used,  as  in  Figs. 
14  to  19,  a  large  variety  of  additional  possibilities  for 
varying  the  field  strength  is  obtained,  it  being  possible 


to  change  from  any  of  the  connections  shown  in  these 
figures  to  some  other  connection  of  the  same  figures,  or 
to  any  of  the  fundamental  motor  types. 

Whenever  more  than  one  motor  is  used,  as  is  us- 
ually the  case  in  electric  vehicles,  other  possibilities  for 
varying  the  field  strength  are  introduced  by  employing 
series  parallel  control  for  the  torque  fields,  the  arma- 
tures, or  the  cross  fields,  as  shown  in  Figs.  28  to  30.  In 
Fig.  28  (a)  the  fields  of  two  motors  are  connected  in 
parallel  for  starting  so  that  each  carries  only  one-half 
the  current,  while  Fig.  28  (b)  shows  the  running  con- 
nection with  the  two  fields  connected  in  series.  In  Fig. 
29  (a),  both  the  armatures  and  fields  are  connected  in 


series  so  that  during  starting  each  field  carries  the  cur- 
rent of  one  armature.  In  Fig.  29  (b),  giving  the  corre- 
sponding running  connection,  the  two  armatures  are  con- 
nected in  parallel  while  the  fields  are  in  series  so  that 
each  of  the  fields  carries  the  current  of  two  armatures. 
Fig.  30  shows  a  similar  case  where  the  torque  fields  are 
excited  by  the  cross  field  current,  the  cross  fields  being 
connected  in  series  for  starting  and  in  parallel  for  run- 
ning. 

It  is  evident  from  the  above  that  the  desired  result 
of  field  variation  can  be  accomplished  in  a  great  variety 
of  ways,  any  of  which  may  be  at  times  employed  to  good 
advantage  under  varying  circumstances. 


Flood  Lighting  "Old  Glory 


Where  two  projectors  arc  used,  place  them  at  90  degrees 
from  one  another,  as  shown  in  Fig.  i. 

Where  four  projectors  arc  used,  place  two  together  in  the 
same  positions  as  for  two  reflectors. 


FIG.    3. 


Where  six  projectors  are  used,  place  the  additional  two  at 
the  third  position  shown  in  Figs.  2  and  3. 


D,  and  D, 

Size  of  Flag 

Projectors 

Feet 

4  bv     7 

2 

40 

5  bv     8 

2 

.50 

6  by     9 

2 

60 

8  by  12 

4 

.50 

9  by  14 

4 

60 

10  by  16 

4 

65 

12  by  20 

6 

60 

15  by  24 

6 

70 

22  by  30 

8 

60 

Where  eight  projectors  are  used,  place  three  at  each  of 
the  CO  degree  positions  and  the  remaining  two  at  the  third 
position  shown  in  Figs.  2  and  3.  J-  i-  stair 
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Soldering  Railway  Armatures 


Before  trying  to  solder  the  coil  leads  in  the  commutator 
neck  slots,  it  is  important  that  all  dirt,  oil,  insulating  material, 
or  paint,  be  removed  from  these  parts  after  which  they  are 
tinned.  A  substitute  for  tinning,  which  gives  good  results, 
is  to  brush  the  metal  parts,  after  they  have  been  thoroughly 
cleaned,  with  a  liquid  flux  which  is  left  to  dry.  The  flux 
forms  a  thin  coating  over  the  cleaned  surfaces,  and  serves 
the  same  purpose  as  tinning. 


In  selecting  a  solder,  the  following  should  be  considered: — 
(i) — Cost;  (2) — Melting  point;  (3) — Can  it  be  easily  worked; 
(4) — Does  it  flow  readily;  (5) — How  it  sticks  to  the  metals 
to  be  soldered. 

The  most  common  material  used  in  soldering  is  an  alloy 
of  lead  and  tin  known  as  half-and-half,  which  is  made  of  half 
lead  and  half  tin.  This  solder  is  reasonable  in  price,  has  a 
melting  point  of  180  degrees  C,  flows  readily  when  heated 
with  a  hot  iron,  is  not  hard  to  work,  and  takes  a  good  hold  on 
the  metal  to  be  soldered,  if  it  has  been  well  cleaned  and  tinned. 

When  motors  are  overworked  and  the  temperature  is  high, 
it  is  desirable  to  use  a  solder  with  a  high  melting  point.  Pure 
lead  with  a  melting  point  of  325  degrees  C,  although  cheaper 
than  half-and-half,  cannot  be  used  as  a  solder  because  it  is 
difficult  to  work,  will  not  flow  when  heated  with  a  hot  iron. 


grounds.  The  flux  can  be  tested  for  acid  with  litmus  paper, 
or  can  be  tested  by  any  druggist.  A  good,  cheap  and  safe 
flux  is  made  by  mixing  one  pound  of  rosin  in  a  quart  of  wood 
or  denatured  alcohol. 

SOLDERING  IRONS 

In  general,  there  are  three  different  types  of  soldering 
irons  used,  depending  upon  the  method  of  heating  them.  The 
most  commonly  used  iron  is  the  one  heated  in  a  gas  flame. 
The  other  two  types  have  self-contained  heaters,  one  using  a 
gas  flame  and  the  other  an  electric  heating  element. 

METHODS   OF   SOLDERING 

In  Fig.  I  the  workman  is  soldering  leads  at  the  top  of  the 
commutator,  using  a  gas-heated  self-contained  iron.  With: 
this  method  there  is  a  possibility  of  the  solder  working  its 
way  back  of  the  commutator  neck  and  short-circuiting  ad- 
jacent leads.  This  is  especially  likely  to  happen  when  pure 
tin  solder  is  used.  In  Fig.  2,  the  workman  is  soldering  leads 
at  the  side  of  the  commutator,  having  the  armature  raised 
about  six  inches  at  the  pinion  end.  With  this  method,  excess 
solder  will  tend  to  flow  to  the  front  end  of  the  commutator 
neck  instead  of  back  of  it,  and  this  reduces  the  possibility  of 
short-circuiting  the  coils  back  of  the  commutator  neck. 


FIG.    3. 


and  cannot  be  made  to  hold  to  the  copper  parts  which  are  to 
be  soldered.  On  the  other  hand,  pure  tin,  with  a  melting 
point  of  230  degrees  C,  can  be  used,  but  is  more  expensive 
than  half-and-half,  requires  more  skill  in  handling,  as  it  flows 
very  easily  and  rapidly,  and  tends  to  spread  beyond  the  surface 
to  be  soldered.  Further,  it  has  such  an  attraction  for  copper 
that,  if  overheated  for  too  long  a  time,  it  will  eat  itself  into 
the  copper  parts  that  are  being  soldered. 

For  armatures  operating  under  normal  service  conditions, 
and  not  subjected  to  high  temperature  and  unusual  mechanical 
strains  due  to  high  speed,  which  tend  to  throw  solder  from 
the  commutator  necks  and  armature  bands,  the  half-and-half 
solder  can  be  used  with  good  results.  When  motor  equipments 
are  overworked,  being  subjected  to  high  temperatures  and  ex- 
cessive speed,  pure  tin  should  be  used  to  solder  the  armature 
leads  to  the  commutator  necks,  and  to  solder  the  armature 
bands.  When  tin  is  used  for  soldering,  it  is  necessary  to  have 
the  clearance  between  parts  to  be  soldered  as  small  as  possible. 


Flux  is  the  name  given  to  the  liquid  or  paste  used  to 
make  solder  flow  more  readily,  and  to  take  hold  of  the  metal. 
A  number  of  such  compounds  give  good  results,  and  these 
can  be  used  safely.  It  is  very  important  in  selecting  the  flux, 
to  be  sure  that  it  does  not  contain  any  acid,  as  the  acid  may 
get  to  the  insulation  of  the  coils,  and  cause  short-circuits  and 


Pot  soldering,  as  shown  in  Fig.  3,  can  be  iised  where  a 
considerable  number  of  armatures  of  the  same  size  are  to  be 
soldered.  The  armatures  are  stood  on  end  and  the  hot  solder 
is  forced  to  flow  around  the  neck  of  the  commutator  by  lower- 
ing the  plunger  in  the  two  end  pots  containing  the  molten 
solder.  After  several  minutes  of  contact,  the  hot  solder  is 
drained  from  the  central  pot  by  raising  the  plungers  in  the 
end  pots,  and  the  armature  is  then  removed.  By  this  means, 
all  the  leads  of  the  armature  are  soldered  in  one  operation, 
and  without  the  danger  of  any  excess  solder  working  back  of 
the  commutator  necks. 

PRECAUTIONS 

I — Parts  to  be  soldered  should  be  well  cleaned  and  tinned. 

2 — Use  an  iron  of  fairly  good  size.  For  ordinary  work, 
about  two  or  three  pounds  gives  good  results,  as  it  holds  the 
heat  for  a  long  time. 

3 — Always  keep  the  iron  well  tinned — file  surfaces,  clean, 
heat  the  iron  and  dip  in  a  strong  solution  of  zinc  chloride 
made  by  putting  zinc  in  commercial  muriatic  acid,  until  no 
more  will  be  dissolved,  then  rub  solder  on  the  hot  iron. 

4 — Work  with  a  good  hot  iron. 

5 — A  handy  form  of  solder  to  use  is  thin  strips  about  tera 
or  twelve  inches  long. 

6 — Use  pure  tin  solder,  unless  you  are  sure  that  half-and- 
half  will  be  satisfactory  for  the  service. 


_  .  ,«_«™  o  ^f  aridi-aiaed.  Kunned  envelope  should  accompany  «ch  qiiary.     A  panooal  reply  Is  maOed  u  each  quettion*^ 
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i486— Fiber  Wedges— What  are  the 
ultimate  and  working  stresses  for 
fiber  as  used  for  wedges  in  armatures, 
tension,   compression   and   bending? 

R.K.  (n.y.) 
The  average  elastic  limit  obtained  on 
hard  grey  fiber  in  tension  is  approxi- 
mately 8500  pounds  per  square  inch. 
The  average  elastic  limit  in  compression 
is  6000  pounds  per  square  inch.  In 
view  of  the  variable  quality  of  the 
strength  and  hardness  of  the  material, 
it  is  not  usually  advisable  to  use  higher 
working  stresses  than  1800  to  2000 
pounds  per  square  inch  in  tension  and 
not  higher  than  1500  pounds  per  square 
inch  in  compression.  The  commercial 
quality  of  material  will  frequently  not 
mrtt  the  above  values  of  elastic  limits 
and  where  the  higher  working  stresses 
are  involved,  it  is  necessary  to  use 
great  care  in  selecting  a  fibre  which 
has  "been  properly  aged  and  which  is 
relatively  hard  and  homogeneous. 

CB.M. 

1487— Phasing-Out  Transformers- 
Two  transmission  lines  are  carried 
on  separate  pole  lines  to  a  substation, 
as  shown  in  Fig. (a).  It  was  desired 
to  tie  these  two  lines  together  at  the 
substation  and  it  was  necessary  to 
phase  them  out.  A  potential  trans- 
former and  voltmeter  were  used  to 
explore  between  ABC  and  A'  B' 
C ,     and     all     possible     combinations 


3l 


When  an  alternating  voltage  is  im- 
pressed on  a  transmission  line,  charging 
currents  flow  between  the  lines  and  the 
ground  as  though  there  were  electro- 
static condensers  connected  between  the 
lines  and  the  ground.  All  three  lines 
of  most  three-phase  systems  take 
approximately  the  same  value  of  charg- 
ing currents,  in  which  case  they  can  be 
considered  as  having  three  equal 
electrostatic  condensers  connected  be- 
tween the  lines  and  the  ground,  as 
shown  in  Fig.(b).  It  will  be  seen  that 
the  voltage  between  points  on  the  two 
lines  are  more  or  less  fixed,  due  to  these 
charging  currents.  Measurements  made 
in  this  manner,  are  very  unreliable, 
since  unequal  charging  currents  for  the 
different  lines  introduce  errors  and 
again  the  current  taken  by  the  measur- 
ing outfit  may  introduce  very  large 
errors.  When  phasing-out  two  trans- 
mission lines,  one  wire  from  each  line 
should  be  connected  together  and  then 
the   voltage   measurements   taken. 

J.F..P. 

1488  — Formula       for       Determining 
Phase  Voltage— Kindly  give  me  the 

derivation  of  the  formula  Eu  =        - 

sin  —  for  determining  alternating 
phase  voltage  of  a  rotary  converter, 
£„  being  alternating  voltage,  n,  num- 
ber of  rings  and  £0  the  direct  current 
voltage.  No  text  books  I  have,  make 
the  derivation  clear.  r.w.h.    (pa.) 

In  a  rotary  converter  of  n  rings  there 
will  be  n  taps  taken  off  per  pair  of 
poles  and,  assuming  the  angle  from  the 
centre  of  one  pole  to  the  centre  of  the 
next   to   be    180   electrical    degrees,    the 

:i6o 
angle   between    taps   will    be    —     elec- 
trical  degrees   or  — ^   radians.     If   the 
direct   voltage   of    the   rotary   converter 
be   £0   the   alternating  voltage   between 

taps  diametrically  opposite  is     ^-  ;  'his 

constant  (^^j being  the  ratio  of  the 
root  of  the  mean  square  value  of  a  sine 


h-c,  c-d,  etc.,  equal  £n.     The  diametrical 

.£■« 
voltage  e-b  equals    — -=-.' 

The   angle   </>    or   the   angle   bctzveen 

taps  is  ~    therefore 

a-b 

a  -  m  ^=    ——  =  0  -  a  sin  ~ 

£:*  _     ^° 

2  2\1 


FIG.  1487(a)  and  (b) 

were  tried  and  a  difference  of  po- 
tential was  found  on  all  except  three 
combinations,  viz: — A-A' ,  B-B',  C- 
C,  showing  that  the  lines  were 
successfully  parallelled  on  this  com- 
bination. The  question  was  brought 
up  why  any  difference  of  potential 
was  found,  the  only  known  ground 
on  the  system  was  that  on  the  genera- 
tor neutral.  At  the  time  the  test  was 
made,  there  was  no  load  connected 
•to  the  substation  and  there  was  no 
known  connection  between  the  two 
lines  other  than  the  primary  of  the 
■potential  transformer  which  was  used 
iin  the  test.  w.l.f.  (c.  z.) 


0  -  a  = 


FIG.  i48S(a) 

wave  to  the  maximum  or  peak  value. 
Fig.  (a)  represents  the  voltage  relations 
in  .  a  six-phase  converter  (»i  =  6). 
Taps  are  taken  from  the  winding  at  the 
points  a,  b,  c,  etc.,  and  the  voltages  a-b; 


E^ 
and  a  -  m   — - 


Therefore,  £n   =  sin  — . 

V2  n 

CBS. 

1489 — Direct-Current  Motor  Control 
— A  motor  is  mounted  on  a  lathe  and 
has  for  starting  equipment  an  auto- 
matic current  limit  starter  with  full 
reverse  with  dynamic  brake  opera- 
tors switch,  also  a  doublc-polc  quick- 
break  knife  switch  for  disconnecting 
the  lathe  wiring  from  main  lines. 
We  recently  have  noted  the  following 
trouble  : — With  the  operators  switch 
in  center,  that  is,  dynamic  brake 
position,  if  the  main  line  switch  is 
opened  an  arc  jumps  from  the  arma- 
ture winding  to  the  armature  core. 
The  shunt  fields  are  broken  by  the 
quick-break  switch  and  one  side  of 
the  shunt  field  is  connected  to  one 
brushholder  so  that  one  side  of  the 
armature  is  on  the  line  when  the 
switch  is  opened.  No  ground  of  any 
kind  can  be  located  in  any  of  the 
equipment  with  a  magneto  and  no 
other  arcing  to  ground  can  be  located. 
Where  is  the  ground  circuit  com- 
pleted if  there  is  one,  or  what  remedy 
would  you  suggest?  If  the  operators 
switch  is  left  in  the  neutral  position, 
where  the  armature  is  disconnected 
from  line  entirely,  we  have  no  trouble 
but  this  is  not  convenient.  The  arc- 
ing eventually  causes  an  open  circuit 
in  the  armature  winding. 

A.W.R.    (OHIO) 

Nothing  is  said  as  to  whether  the 
equipment  includes  a  field  discharge  re- 
sistor. The  arc  or  flash  from  the  arma- 
ture to  the  frame  is  caused  by  the 
stored  magnetic  energy  of  the  field. 
When  the  knife  switch  is  opened,  there 
is  no  path  for  the  energy  to  be  dissi- 
pated except  by  transformer  action 
through  the  armature  or  through  a 
grounded  circuit.  This  is  accom- 
panied by  high  voltage  across  the  field 
terminals  and  it  may  jump  through  a 
weak  part  of  the  motor  insulation,  and 
complete  the  circuit  by  jumping  from 
the  armature  winding  to  the  armature 
core.  The  voltage  is  liable  to  be  six 
or  eight  times  the  voltage  that  can  be 
obtained  from  a  magneto  so  that  the 
magneto  is  not  liable  to  give  an  indica- 
tion of  any  trouble.  The  difficulty  may 
be  overcome  in  two  ways: — (l)  by  fur- 
nishing a  field  discharge  resistor  having 
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an  ohmic  value  of  35  to  four  times 
that  of  the  shunt  field  and  of  sufficient 
capacity  to  be  connected  across  the  line 
in  parallel  with  the  shunt  field  con- 
tinuouslv,  (2)  by  removing  the  quick- 
break  parts  from  the  knife  switch  and 
opening  the  switch  slowly  so  that  the 
energy  is  dissipated  in  the  arc  at  the 
switch.  The  first  method  is  recom- 
mended as  it  is  the  standard  and  is 
fool-proof,  while  the  second  method  is 
not  fool-proof,  as  the  switch  may  be 
opened  quickly  and  the  operator's  hand 
may  be  in  a  position  to  be  burned. 

A.L.H. 

1490— Construction  and  Insulation 
OF  Turbo-Generator  Rotors— Nous 
vous  prions  de  nous  indiquer  comment 
sont  actuellement  construits  en  Amer- 
ique  les  enroulements  inducteurs  des 
turbo-alternateurs  de  grande  puis- 
sance. En  particulier  quels  sont  les 
materiaux  employes  pour  isoler  ces 
enroulments  et  quelles  sont  les  dis- 
positions prises  pour  assurer  la  venti- 
lation des  parties  extremes  des 
bobines  situees  en  dehors  des  cannel- 
ures du  rotor  et  pour  maintenir 
mecaniquement  ces  parties  extremes; 
le  cuivre  employe  est-il  isole  avant 
d'etre  bobine  ou  bien  les  bobines  sont- 
elles  faites  avec  du  cuivre  nu  qui  est 
isole  apres  coup?  CD.   (France) 

Two   general   methods   of   rotor   con- 
struction and  of  supporting  the  ends  of 
the    coils     are     employed     in     America. 
Both  of   these  use   the   so-called   radial 
slot    rotor    with    concentric    coils.     One 
method  employs  a  relatively  large  num- 
ber of  coils  per  group,  exposing  a  large 
surface   on   the    sides    of    the    coils    for 
conduction    of    the    heat    to    the    iron. 
The    other    method    employs    a    smaller 
number     of     coils     with     wider     straps, 
provision  for  ventilating  air  being  made 
so  that  air  can  pass  beneath  the   coils 
and   out   of   the   rotor   and   in   a   radial 
direction  through  circumferential  vents. 
This     method     results     in     exposing     a 
greater  surface  of  the  iron  to  the  cool- 
ing   influence    of     the     air,     while    the 
former   method    exposes    a    larger    sur- 
face  of    the   coil   to   a   relatively  hotter 
mass    of    iron.     The    total    temperature 
difference     between     the     air     and     the 
copper  is  approximately  the  same  in  the 
two  cases.     Cooling  on  the  ends  where 
the  coils  project  bevond  the  body  of  the 
core    is    provided    either    by    drilling    a 
series  of  openings  through  the  coil  re- 
taining rings  or  in  the  case  of  the  rotor 
with     openings     under     the     slots,     the 
natural  circulation  of   the  air  will  cool 
the    ends.     The    field    windings    are   in- 
sulated from  the  core  bodies  by  means 
of    moulded    mica    trough,    or    m    some 
cases   the   trough   is    made   up   of    mica 
and   a   fibrous   backing.     The   insulation 
on    the    coil    extensions    is    either    mica 
tape  or  a  combination  of  mica  tape  and 
asbestos    tape.     The    coil    ends    are    re- 
strained   against    centrifugal    forces    by 
coil   retaining  rings  of  high-grade  steel 
alloy,     these     rings     being    centered    at 
their  inner  ends  on  the  core,  and  at  the 
outer  end  by  an  end  plate.     The  copper 
used    for   the   field   winding   is   bent   on 
edge,  and  the  insulation  between  turns 
is  cither  asbestos  or  asbestos  and  mica, 
part  of  which  is  applied  before  the  coils 
are  wound.  r.e.g. 

1491 — Parallel  Operation  of  Low- 
Voltage  Generators  —  Is  it  con- 
sidered good  practice  to  attempt  to 
operate  two  or  •  three,  six-volt,  1000 
amperes  plating  generators  in  parallel, 
each    direct-connected    to    a    separate 


three  -  phase,  60  cycle,  220  volt 
squirrel-cage  motor.  The  fields  of 
the  generators  are  self-excited  and 
the  machines  are  compound-wound 
and  of  the  same  make  and  percentage 
of  compounding.  H.j.w.   (pa.) 

We  assume  that  the  machines  have 
nearly  the  same  characteristics,  also 
that  the  driving  motors  are  similar. 
The  conditions  for  parallel  operation 
are  fundamentally  the  same  as  for 
higher  voltage  generators  although  cer- 
tain factors  are  much  more  pronounced. 
When  using  an  equalizer  as  shown  in 
Fig. (a),  it  is  important  that  the  current 
divide  equally  through  the  two  series 
coils.  This  division  is  determined  by 
the  relative  resistances  from  ^  to  S  and 
Ai  to  Si.     With  low  voltage  machines, 


FIG.  1491  (a) 

the  resistance  in  the  circuit  depends 
largely  on  the  joints  which  at  best  are 
an  uncertain  quantity.  This  makes  it 
much  more  difficult  to  obtain  a  balance. 
The  joints  should  all  be  carefully 
soldered  and  if  necessary  a  small  re- 
sistance R  inserted,  in  order  to  make 
both  paths  of  equal  resistance.  Fur- 
thermore, the  equalizer  resistances 
should  be  low.  All  possible  precautions 
should  be  taken  with  machines  of  this 
voltage  for  the  brush  contact  drop  is 
a  considerable  percentage  of  the  total 
drop,  and  is  apt  to  vary  according  to 
the  condition  of  the  commutator 
brushes.  However,  this  tendency  is 
slightly  compensated  for  with  induction 
motor  driven  sets,  for  the  speed  will 
drop  with  an  increase  of  load,  lowering 
the  voltage  slightly.  We  see  no  reason 
why  these  machines  should  not  operate 
in  parallel  if  care  is  taken  to  adjust 
them  properly,  although  much  depends 
upon  the  characteristics  of  the  individ- 
ual machine.  h.l.s. 

1492 — Effect  of  Oil  on  Insulation — 
It  is  sometimes  stated  that  the  eft'ect 
of  oil  coming  into  contact  with  the  in- 
sulation of  dynamo-electric  machinery- 
is  to  cause  the  insulation  to  break 
down.  Recently  a  gas  engine  driven 
alternator  had  the  whole  of  its  in- 
sulation covered  with  lubricating  oil. 
The  lubricating  oil  was  supplied  to 
the  engine  in  too  great  quantities  with 
the,  result  that  a  considerable  portion 
was  vaporized  (not  burned)  and  con- 
densed on  every  available  surface  in- 
cluding the  alternator.  It  was  feared 
that  the  insulation  might  break  down 
and  the  machinery  was  shut  down  and 
the  whole  of  the  alternator  wiped  out 
removing  as  much  of  the  oil  as  was 
possible.  So  far  apparently  no  darn- 
age  has  resulted.  The  lubricating  oil 
was  good  quality  of  mineral  oil.  I 
should  be  glad  to  know  what  oils 
have  a  deleterious  effect  on  insulation 
and  why  it  is  that  the  oil  used  for 
insulating  self-cooled,  oil-insulated 
transformers  has  no  effect  on  the  in- 
sulation of  the  transformer. 

C.E.W.    (AUSTRALIA.) 

Mineral   oils  in  general  are  good  in- 
sulators when  clean  and  dry.     They  in- 
sc    the    insulating   value    of    fibrous 


materials     very     materially     when     the 
latter  are  free  from  moisture  and  thor- 
oughly     saturated.       When      oils      are 
specially    refined    for    transformer    use, 
their    insulating    values    become    much 
greater.     Lubricating    oils    are    not    in 
themselves  conductors  but  when  loaded 
with    fine    particles    of    metal    or    other 
conducting   material,   as   is   liable   to   be 
the    case    if    the    oil   is    thrown    out    of 
bearings,    etc.,    they    form    a    semi-con- 
ducting  film.     If    there    are    any    inter- 
stices  in  the   insulation,  as  may  be   the 
case  after  repeated  heating  and  cooling 
in  service,  this  film  may  lead  from  the 
surface  of  the  oil  to  the  conductors  and 
finally  cause   a  ground  or  short-circuit. 
Lubricating    oil    generally    unites    with 
the    dust    on    the    windings    to    form    a 
greasy   paste  which  cannot  be   removed 
by   the   usual   blowing  with   compressed 
air.     Blowing   will   also   drive   the   dirt- 
laden  oil  into  the  interstices  of  the  in- 
sulation  whence   it   cannot   be   removed 
and     where     it     may     do     harm     later. 
Mineral    oils    rot    rubber    and    dissolve 
most  of   the   bonds   used   to   hold   mica 
together.     They    have    no    effect    on    a 
good    baked   insulating  varnish   nor    do 
they  injure  any  insulation  made  up  of 
cotton    cloth    or    any     form    of    paper 
unless  these  are  filled  with  a  substance 
that   will   be   dissolved  by  the   oil,   such 
as  asphalt.     In  the  case  cited  it  does  not 
seem   that   any  harm  will   result  as   the 
oil    was    clean    and    was    promptly    re- 
moved.    It  might  have  been  left  on  for 
some   time  without   any  harm   resulting 
but  it  was  certainly  much  better  to  re- 
move it  as  promptly  .as  possible.  _  When 
oil   is    used   in   transformers   it   is   kept 
clean    by    using   a   tight   case    and    only 
such   materials   are   used    for  insulation 
as  are  not  injured  by  the  oil  and  have  a 
higher  insulating  value  when  saturated 
with  oil  than  when  treated  in  any  other 
manner.  J.E.M. 

14Q3 — Effect  of  Over  and  Under  Volt- 
age—What  is  the  effect  on  power- 
factor  and  efficiency  at  one-half, 
three-quarters  and  full  load  of  488 
volts  and  of  400  volts  on  a  440  volt 
motor.  In  other  words,  what  is  the 
affect  of  over-voltage  and  under- 
voltage  on  squirrel-cage,  60  cycle  in- 
duction motors  of  a  speed  ranging 
from  900  to  1200  r.p.m.  w.s.  (OHIO.) 
Running    a    motor    on    an    increased 

voltage   increases   the   magnetizing   cur- 
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FIG.  1493(a)  and  (b) 

rent  and  iron  loss  and  decreases  the 
secondary  copper  loss.  It  may  or  may 
not    decrease    the    primary    copper    loss 
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at  least  on  the  lower  load  depending  on 
whether  the  increasing  magnetizing 
current  tends  to  increase  the  total  cur- 
rent more  or  less  than  the  increase  in 
voltage  tends  to  decrease  it.  The 
increase  in  magnetizing  current  de- 
creases the  power-factor.  The  efficiency 
will  either  increase  or  decrease  depend- 
ing on  whether  the  increase  in  core  loss 
does  or  does  not  offset  the  decrease  in 
copper  loss.  This  will  vary  with 
different  motors  as  in  some  motors  the 
iron  loss  is  the  largest  loss  while  in 
others  the  copper  loss  is  larger.  When 
operating  at  reduced  voltage  the  iron 
loss  decreases  as  well  as  the  magnetiz- 
ing  current,   but   the    secondary   copper 


loss  increases.  This  gives  an  increase 
in  power-factor  and  a  decrease  in 
efficiency  at  the  higher  loads,  in 
general,  although  it  may  increase  the 
efficiency  at  higher  loads  depending  on 
the  conditions  stated  above.  Figs,  (a) 
and  (b)  give  the  power- factors  and 
efficiencies  on  a  lOO  horse-power,  three- 
phase,  60  cycle,  4-10  volt,  900  (synchron- 
ous) r.p.m.,  squirrel-cage  motor  for 
voltages  ranging  from  380  to  500  in 
steps  of  20  volts  and  at  loads  from  one- 
half  to  one  and  one-quarter  times  full 
load.  The  values  for  480  volts  can  be 
obtained  by  interpolating  between  the 
curves  for  480  and  500  volts.  The 
torque  on  the  motor  will   increase  with 


TABLE  I. 


Volts 

Percent  Efficiency 

Percent  Power-Factor 

Percent 
Full  Load 

50 

75 

100 

125 

50 

75 

100 

125 

380 

86.35 

87.7 

87.05 

85.1 

84.8 

90.2 

92.2 

93 

400 

86.3 

87.92 

87.5 

85.S5 

82.8 

88.8 

91.4 

92.5 

420 

86.35 

88.18 

88 

86.7 

80 

87.5 

90.4 

92 

440 

86.3 

88.22 

88.46 

87.3 

77 

85.5 

89.2 

91.2 

460 

86 

88.3 

88.6 

87.8 

73.8 

83.3 

88 

90.4 

480 

85.68 

88.22 

88.8 

8,s.l5 

70.2 

80.8 

85.8 

88.7 

500 

85.3 

88.2 

88.87 

88.6 

65.4 

77.0 

83.7 

87.2 

the  voltage  and  decrease  with  the 
voltage  approximately  as  the  square  of 
the  change  in  voltage  within  reasonable 
limits  of  voltage  change.  The  data 
from  which  the  curves  were  plotted  is 
given  in  Table  I.  See  also  "Effect  of 
Voltage  and  Frequency  Changes  on  In- 
duction Motor  Characteristics"  by  L. 
W.  Smith  in  the  Journal  for  March 
1917.  p.  105. 

B  n  K. 

1494 — Watthour  -  Meter  Connections 
— Please  advise  me  if  the  meter  con- 
nection in  Fig. (a)  is  correct  and  if 
not,  what  percentage  out  the  registra- 
tion will  be  at  86.6  percent  and  50 
percent  power-factor.  I  have  always 
understood  Fig.  (b)  was  the  only 
correct  connection  for  an  open-delta 
three-phase  circuit.  g.e.h.   (Ohio) 

Both  methods  of  connecting  watthour 

meters    into    an    open-delta    three-phase 

Threc-Phasc         Three-Phasc 


FIG.  1494(a)  and  (b) 


circuit,   as    shown   are   correct,   and   the 
true  power  load  is  recorded.  j  h.m. 
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Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward^Leonard  Resistance 

to  screw  into  a  socket  and  re- 
place lamps. 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance — not  to  give  light. 

It  offers  an  inferchanreable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  Jthink  resistance 
don't  think  light— think 


WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON.  N.  Y. 
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In  the  spring  of  1907  a  number  of 
electrical  engineers,  representing  sev- 
eral steel  mill  districts  gathered  in 
Pittsburgh,  at  the  invitation  of  the 
\\'estinghouse  Electric  &  Mfg.  Com- 
pany, for  an  informal  discussion  of  electrical  subjects 
pertaining  to  the  principal  steel  mill  applications,  includ- 
ing mill  conditions  and  practice  and  the  design  of  elec- 
trical apparatus  for  the  steel  industry.  That  this  oppor- 
tunity for  the  interchange  of  ideas  was  of  interest  and 
presented  prospects  for  valuable  future  developments  is 
evidenced  by  the  fact  that  it  was  at  this  meeting  that  the 
electrical  engineers  of  the  steel  industry  conceived  the 
idea  of  organizing  a  society. 

At  this  period  the  field  of  the  steel  mill  electrical 
engineer  was  rather  limited  and  in  many  cases  was 
largely  confined  to  the  operation  of  small  apparatus. 
Motors  were  applied  to  many  of  the  auxiliary  machines 
but  the  use  of  main  roll  motor  drive  was  just  being  in- 
troduced. The  electric  furnace  as  a  practical  method  of 
melting  and  refining  steel  was  merely  a  vague  idea.  Ow- 
ing to  its  rather  limited  use  in  the  steel  industry,  the 
economical  generation  of  electric  power  had  never  re- 
ceived serious  consideration,  and  most  plants  contained 
comparatively  small  generating  units. 

With  the  advent  of  main  roll  motor  drive  in  1905 
and  the  success  that  attended  the  several  installations 
during  the  next  few  years,  the  possibilities  of  electric 
power  as  a  factor  of  growing  importance  in  the  steel  in- 
dustry became  evident.  The  success  of  main  roll  motor 
drive  meant  that  the  advantages  which  are  offered  by 
the  use  of  motors  on  the  auxiliary  machines  would  have 
a  much  broader  application. 

The  electrical  engineers  recognized  the  importance 
of  solving  the  problems  of  economical  generation  and 
distribution  of  electric  power,  and  the  application  of 
suitable  apparatus  to  the  main  rolls  and  auxiliary  ma- 
chines. They  realized  that  these  problems  were  far 
reaching, — they  not  only  required  the  broad  consider- 
ation of  the  mill  engineer  and  management  but  were 
also  of  great  importance  to  the  electrical  manufacturers. 
Such  ideas  prompted  the  organization  in  1907  of  the  As- 
sociation of  Iron  &  Steel  Electrical  Engineers,  the  ob- 
ject of  which  is  "the  advancement  of  the  application  of 
electricity  to  the  iron  and  steel  or  allied  industries  by  the 
co-operation  of  its  members". 

The  means  used  for  attaining  this  end  have  been 
periodical  meetings  for  the  reading  of  professional 
papers,  the  discussion  of  pertinent  subjects,  and  the 
publication  of  such  papers  and  discussions  as  seemed 
expedient.  The  annual  proceedings  of  the  Association 
contain  valuable  papers  pertaining  to  the  design  and  ap- 
plication of  electrical  apparatus  in  the  steel  industry. 
Within   a   period  of   ten  years,   the  use  of   electric 


power  has  become  practically  universal  in  many  large 
steel  plants.  While  many  existing  plants  require  steam 
power  for  the  main  drives,  the  new  plants  and  additions 
to  old  ones  are  adopting  electric  drive  with  but  few  ex- 
ceptions. The  experience  gained  by  the  installation  of 
approximately  400  drives,  totalling  more  than  600  000 
horse-power  and  including  all  types  of  mills  has  demon- 
strated conclusively  that  the  advantages  obtainable  by 
electric  drive  are  even  greater  than  were  anticipated. 

Electric  power  is  now  generated  on  a  large  scale 
with  splendid  economy.  Mill  operation  and  general  mill 
practice  have  been  improved  as  the  result  of  a  close 
analysis  of  motor  tests.  Naturally  the  scope  of  work 
and  jurisdiction  of  the  electrical  engineer  has  broadened 
with  these  conditions,  and  his  work  is  becoming  a  mate- 
rial factor  in  the  development  and  refinement  of  the 
steel  industiy.  The  future  will  ofifer  even  greater  pos- 
sibilities for  improvements.  The  steel  industry  is  just 
beginning  to  realize  the  advantages  of  the  use  of  cen- 
tral station  power  and  the  electric  furnace  will  un- 
doubtedly be  used  on  a  very  extensive  scale.  This  will 
have  an  important  bearing  on  the  cost  of  power. 

The  Association  of  Iron  &  Steel  Electrical  Engi- 
neers has  been  of  great  assistance  in  so  co-ordinating  the 
efforts  of  the  engineer  of  the  steel  industry,  that  a  well- 
balanced  point  of  view  and  analysis  of  the  various  mu- 
tual problems  are  possible.  The  result  has  been  rapid 
progress  in  the  extension  and  perfection  of  electrical  ap- 
plications. The  close  fellowship  that  exists  has  car- 
ried with  it  a  splendid  feeling  of  obligation  and,  by  the 
fulfilling  of  the  duty  they  owe  the  Association,  the 
members  will  render  the  iron  and  steel  industry  a  ser- 
vice of  constantly  increasing  value. 

Brent  Wiley 


Engineering   is  a   mode  of    thinking. 
Training  for       Any  man  who  considers  his  problems 
Engineering        without  prejudice;  who    clearly    dis- 
Work  cerns  facts  from  opinions,  essentials 

from  non-essentials;  who  searches 
continually  for  new  truths  and  better  methods ;  who  is 
not  controlled  by  precedent ;  who  constructs  analyti- 
cally,— is  an  engineer.  His  field  of  work  may  be  medi- 
cine, law,  architecture,  agriculture,  mining,  merchandis- 
ing, machine  design,  chemical  research  or  salesmanship. 
Each  of  these  fields  requires  its  peculiar  tools — 
mathematics,  physics,  drawing,  history,  materials,, 
knowledge  of  materials,  etc.  It  is  evident  that  the  process 
of  fitting  one's  self  for  a  job  requires  two  things: — 

I — Mental  training  to  develop  right  habits  of  thinking. 

2 — Special  information  to  be  used  as  tools. 
It  is    more    important  for   the    student    to  get  the 
former,  for  with  it  the  latter  will  readily  be  acquired  alt 
through  the  experiences  of  practical  life. 
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To  get  these  two  in  their  right  relations  and  pro- 
portions requires  some  definite  motive, — driving  pur- 
pose, real  life  object.  Without  this  "Collego-Motive- 
Force"  the  result  is  doubtful.  Therefore,  each  student 
should  have  a  clear-cut  answer  to  these  questions : — 

Why  am  I  taking  engineering? 

What  do  I  expect  to  do  with  it  when  I  get  it? 

What  is  my  life  plan? 

In  years  past,  our  friends  have  encouraged  us  in  a 

haphazard  way  to  sobriety,  industry,  good  manners,  etc., 

and  to  believe  that  by  and  by  something  would  turn  up. 

Today,  by   anah'zing  ourselves  and    the    jobs    needing 

men,  we  arrive  at  a  plan  and  go  forth  to  turn  something 

u[).  It  will  be  found  that  business  demands  two   appar- 

entl}-  contradictory  things : — 

I — Industrious   conformity   to    system    in    each    day's    ijro- 
duction. 

2 — Originality  in  developing  new  ideas. 
The  first  is  necessary  to  hold  a  job,  the  second  to 
A\in  a  bigger  job.  Economy  of  production  emphasizes 
liie  first  so  greatly  that  the  second  is  often  neglected  to 
the  sorrow  of  both  the  man  and  the  firm.  The  first  re- 
quires skill  and  knowledge  of  the  technique  of  tlie  job. 
The  second,  analytical  thinking  and  a  well-trained  mind. 
The  first  can  be  acquired  best  on  the  job  under  econom- 
ic pressure.  The  second  in  formal  training  classes  under 
the  guidance  of  skilled  instructors.  Employers  prefer 
young  men  of  well  trained  minds,  because  they  can 
master  one  kind  of  technique  after  another  as  the)^  are 
promoted  over  a  long  period  of  years. 

The  best  kind  of  training  comes  through  the  work- 
ing of  practical  problems  scientifically.  Such  problems 
should  deal  only  with  the  fundamentals  which  have  a 
\ery  broad  application.  The  study  of  very  special  sub- 
jects partakes  too  much  of  the  teaching  skill  which  re- 
quires mere  memory  to  apply. 

Consider  the  design  of  a  bearing :  tlie  fundamental 
principles  involved  are  those  of  lubrication,  friction, 
radiation  and  the  properties  of  metals.  The  exact  de- 
sign is  a  piece  of  technique,  an  accomplishment  learned 
in  practice  by  applying  these  principles. 

Take  mechanical  drawing — a  mechanical  drawing 
shows  plan  views,  not  perspective.  Top,  bottom,  end 
and  side  views  each  may  be  made  on  a  different  piece 
of  paper  and  to  a  different  scale.  One  view  may  be  a 
blueprint,  another  a  pencil  sketch  and  a  third  a  chalk 
sketch,  yet  the  whole  is  a  perfectly  good  mechanical 
drawing.  Merely  for  convenience,  certain  standard  con- 
ventions have  been  adopted,  such  as  having  all  views  to 
the  same  scale,  all  views  on  the  same  sheet,  all  views  ar- 
ranged on-  the  sheet  in  their  natural  relations  in  the 
piece.  First  of  all  a  draftsman  must  think  intelligently 
in  terms  of  mechanical  pictures;  then,  of  course,  he 
must  master  the  technique  to  be  understood  by  the 
workmen  who  are  to  use  his  drawings. 

The  first  thing  essential  in  training  is  to  make  the 
proper  selection  of  the  right  kind  of  work.  The  fellow 
who  selects  an  engineering  course  simply  because  his 
brother  took  it  or  his  father  wants  him  to,  is  making  a 
serious  mistake.  There  is  only  one  reason  why  a  young 
man  should  select  an  engineering  course — because  his 


desire  along  this  line  is  greater  than  any  other.  If  he 
does  not  feel  this  way,  he  had  better  try  .something  else. 
A  desire  will  do  for  a  basis  of  selection,  but  not  for  final 
tollowing.  He  should  check  his  characteristics  with 
other  men  in  the  same  line  and  be  reasonably  sure  he 
knows  what  the  real  work  of  the  world  demands  of  a 
fellow  in  that  line.  In  short— here  is  a  line  he  believes 
he  likes.  What  is  the  price  of  success?  Is  he  able  to  pay 
ihe  price  ?  Is  he  willing  to  pay  the  price  cheerfully  ? 

There  are  a  number  of  ways  to  be  used  to  test  the 
man  as  to  his  fitness  for  a  given  industry-.  Some  ex- 
amine the  bumps  on  his  head  and  others  subject  him  to 
hypothetical  tests.  These  are  good  in  a  preliminary  w.w, 
but  the  final  test  is  an  analysis  of  the  things  he  has  done. 

This  can  be  illustrated  by  a  few  stories  of  inter- 
views with  college  seniors  seeking  employment,  showing 
lack  of  energy  and  lack  of  force  of  character.  Young 
Adams  of  Cornell  came  into  the  office.  .After  some 
commonplace  introduction,  I  asked  him  what  he  did 
last  summer.  "Went  automobiling  through  Michigan." 
"How  do  you  like  driving?"  "I  didn't  dri\e,  we  had  a 
chauffeur."  "Have  any  tire  trouble?"  "Oh  yes."  "What 
kind  of  tires  do  you  use?"  Didn't  know.  "How  are 
.Michigan  roads?"  "Pretty  good."  "Oh  yes,  but  what 
are  they  made  of?"  "I  don't  know."  That  fellow  didn't 
know  as  much  about  an  automobile  as  a  five-year-old. 
l.ife  to  him  was  breathing  and  eating  three  good  meals 
a  day.  \\'hen  he  left  he  said  "Wish  some  one  had  told 
me  this  four  years  ago." 

Not  long  ago,  some  correspondence  was  being  car- 
ried on  with  a  fellow  named  Hudson —  a  boy  about 
se\enteen  living  in  Arkansas.  One  morning  he  walked 
into  my  office  in  Pittsburgh.  Presently  I  said  "We 
didn't  tell  you  to  come  on.  Strikes  me  you  took  a  long 
chance  coming  so  far  away  from  home  for  a  job."  He 
answered  "I  figured  I  had  always  held  good  jobs  in 
.Arkansas  and  surely  ought  to  find  one  in  Pittsburgh." 
He  continued.  "I  met  a  fellow  on  the  train  last  night.  I 
told  him  I  was  coming  up  here,  and  he  said  "If  you 
don't  get  a  job  with  them,  come  over  to  the  steel  mills, 
I'll  give  you  a  job.'  "  That  is  the  real  stuff':  a  boy  17  had 
an  alternative  job  before  he  got  the  one  he  was  after. 

Harris  came  from  Purdue  last  winter.  He  had 
bucked  the  world  as  hard  as  Hudson  but  he  was  older 
and  somehow  the  load  had  left  a  mark  on  him.  At  some 
time  the  burden  had  been  a  little  too  heavy — he  had  lost 
his  nerve.  He  had  no  notion  of  giving  up  the  struggle 
for  an  education,  yet  questioned  the  real  wisdom  of  it. 
Adams  had  met  no  life  burdens  and  his  character  was 
too  shallow  to  have  much  force,  while  Harris'  charac- 
ter was  too  deep  and  reflective  to  have  much  speed. 
Somewhere  between  these  extremes  is  the  balance  of 
the  best  load  that  every  fellow  must  carrx-  to  develop 
himself  most  effectively. 

The  industries  have  formed  recently  "The  National 
Association  of  Corporation  Schools."  This  means  a 
.-till  better  plan  to  select  and  train  men,  and  the  time 
will  soon  come  when  the  fellow  who  applies  for  a  job 
with  no  conception  of  what  he  is  going  to  get  into,  will 
never  get  a  big  chance.  To  him  who  has  a  purpose  and 
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is  willing  to  pursue  it  at  any  cost,  tlie  manager  of  mod- 
ern industry  says — "Come  on,  I  need  you,  our  work  will 
be  your  greatest  joy  of  life."  C.  R.  Dooley. 


The  military  commander,  in  defense 
Ihe  Work  or       ^£  ^  prominence,  must  know  all  the 
the  Application    p^^iji^^,    gf    jh^    surrounding    terri- 
tngineer  ^^^.^,  ^^^^  ^^  competent  in  his  defense, 

regardless  of  the  time,  magnitude  or  direction  of  attack. 
To  meet  these  requirements,  he  must  understand  the 
art  of  placing  his  defensive  weapons,  their  range,  and 
the  effect  of  various  ammunitions,  but  he  is  not  specifi- 
cally concerned  in  the  processes  of  manufacture,  either 
of  guns  or  ammunition.  His  province  is  the  application 
of  them  to  a  service. 

In  precisely  the  same  way,  the  application  engineer 
is  concerned  in  the  application  of  apparatus  to  service 
rather  than  in  the  design  or  processes  of  manufacture  of 
the  individual  piece  of  apparatus.  This  is  in  contrast 
with  the  apparatus  engineers  who  are  specially  con- 
cerned in  the  designs  of  individual  pieces  or  types  of 
ties  of  manufacture. 

Broadly,  the  province  of  the  application  engineer  in 
electrical  work  contemplates  the  application  of  motors 
and  controllers  to  all  kinds  of  industrial  estab- 
lishments, and  the  application  of  switching,  meter- 
ing, relaying  and  protective  equipments,  with  their 
auxiliaries  required  in  the  usual  power  house  and  sub- 
station practice.  Power  houses  are  usually  separate 
parts  of  other  buildings,  if  not  entirely  separate  build- 
ings ;  but  substations  may  be  located  anywhere,  and  are 
often  not  distinguished  by  any  partitions  or  separations, 
even  when  in  a  building  employed  for  other  purposes. 
Substations  may  be  for  metering  only;  for  switching 
only;  for  protective  apparatus  only;  for  transforming 
only;  or  for  combinations  of  any  or  all  of  these  func- 
tions, with  the  addition  of  rotating  apparatus. 

The  application  engineer — like  the  military  com- 
mander— must  know  his  whole  territory.  He  must  know 
the  position  of  all  demands ;  the  class  of  '  each ; 
the  importance  of  each ;  the  probable  future  demands ; 
the  time  of  demand ;  as  only  with  such  information  can 
he  properly  serve  both  his  distant  and  near  territory 
economically.  The  proper  appreciation  of  what  the 
various  demands  of  the  different  services  may  be  in- 
volves a  clear  understanding  of  the  behavior  of  various 
characteristics  and  types  of  generating,  transforming, 
switching,  relaying  and  protective  apparatus,  for  ob- 
viously the  proper  choice  of  the  suitable  apparatus  can 
only  be  made  when  both  the  service  conditions  and  the 
apparatus  ate  understood  in  their  proper  relations. 

The  economical  selection  of  switching  equipments 
— as  already  stated — involves  a  knowledge  of  all  the  ap- 
paratus,— not  only  in  the  switching  equipment  but  of 
everything  which  is  to  be  served  from  the  system  that 
it  is  intended  to  control  and  operate.  This  means  that  a 
wide  experience  with  a  broad  knowledge  of  all  electrical 
apparatus,  both  generating,  transforming  and  consum- 
ing, as  well    as    transmission    lines,    is    required.  The 


laying  out  of  control  for  the  larger  systems  also  in- 
volves the  commercial  importance  of  the  power  oppor- 
tunities in  the  territor)',  so  that  business-strategy  and 
foresight  can  also  be  very  effectively  applied  in  this  im- 
portant and  interesting  branch  of  electrical  engineering. 
The  application  engineer  naturally  comes  in  contact 
with  the  designing  engineers  of  the  many  types  of  ap- 
paratus which  he  is  constantly  applying.  In  this  way, 
there  is  no  monotony  to  the  wide-awake  man  who  takes 
advantage  of  his  opportunities.  Also,  acquiring  the  large 
amount  of  information  involved  in  the  many  points 
that  must  be  contemplated  and  settled,  brings  about  a 
contact  with  operators,  and  the  larger  and  more  impor- 
tant the  work,  the  more  extensive  the  consultation  or 
conference  with  operating  engineers  will  be.  Again,  the 
application  engineer,  because  of  his  constantly  growing 
and  constantly  replenished  information  from  contact 
with  engineers,  and  with  operators,  and  with  his  own 
problems,  develops  a  broad,  general  view,  which  is 
manv  sided  and  diverse,  thoroughly  attractive  and  de- 
manding abilitv.  K.  C.  Randall 


Vector  A  statement  appears  in  the  article  by 

Standard-  Mr.  H.  S.  Smith  in  this  issue  which 

ization  is  not  under  the  circumstances,  but 

nevertheless  should  be,  totally  unnecessary.  This  state- 
ment is  "Assume  the  positive  direction  of  flow  as  be- 
ing from  the  neutral  outward  in  a  star,  or  clockwise 
about  the  delta".  Some  such  assumption  as  this  is  con- 
tinually necessary  in  the  vector  representation  of  three- 
phase  relations.  And  any  particular  convention  is  quite 
likely  to  be  the  opposite  of  the  last  one  encountered  in 
technical  literature.  The  resulting  confusion  could  be 
largely  eliminated  by  suitable  standardization. 

The  similar  chaos  which  was  common  in  technical 
articles  and  books  a  few  years  ago  with  respect  to  the 
direction  of  rotation  of  vector  quantities  is  still  fresh  in 
the  memory  of  most  electrical  engineers.  The  uncer- 
tainty •  as  to  just  what  conventions  an  author  had  as- 
sumed and  the  conftision  resulting  from  working  with  a 
system  the  opposite  of  that  to  which  one  was  accus- 
tomed are  sharply  contrasted  with  the  present  uniform- 
ity of  practice  since  the  adoption  of  the  standard 
counterclockwise  convention  by  the  International  Elec- 
trotechnical  Commission  in  191 1. 

To  a  lesser,  but  nevertheless  to  a  very  annoying  ex- 
tent, the  same  confusion  of  practice  exists  at  the  pres- 
ent time  with  respect  to  the  assumptions  of  positive  di- 
rection of  flow  in  a  star  or  delta  connection.  It  would 
seem  to  be  preferable  to  consider  as  positive  the  direc- 
tion outward  from  the  neutral  of  a  star  and  counter- 
clockwise direction  in  a  delta.  The  important  thing, 
however,  is  to  have  some  convention  adopted  which  will 
be  generally  accepted.  The  need  for  such  a  recognized 
standard  is  respectfully  suggested  to  the  standardization 
committees  of  the  American  Institute  of  Electrical  En- 
gineers and  other  engineering  societies. 

Chas.  R.  Riker 
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C.  D.  Kester  ax 

THE  growth  and  development  of  the  steel  industiy 
in  this  countr}'  during  the  last  decade  has  been 
phenomenal,  and  the  last  two  years  have  wit- 
nessed the  greatest  prosperity  in  the  history  of  steel 
making.  The  coincident  enormous  output  of  steel 
would  have  been  impossible  without  the  use  of  elec- 
trically-driven machiner}-. 

The  first  use  of  electricity  in  steel  mills  dates  back 
to  1893  at  which  time  it  was  applied  to  some  of  the 
more  important  auxiliaries.  The  success  of  this  ex- 
periment lead  to  a  continually  increasing  demand  for 
auxiliary  motors.  At  present  there  are  considerably 
more  than  one  million  horse-power  of  auxiliary  motors 
installed  in  the  various  mills  throughout  the  United 
States.  In  1905  the  first  installation  of  motors  for  driv- 
ing main  rolls  in  this  country-  was  made  at  the  Edgar 
Thomson  Works  of  the  Carnegie  Steel  Company — two 
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FIG.    I — TOTAL     HORSE-rOWER    OF     MOTORS    IN- 
STALLED    FOR     DRIVING    THE     MAIN     ROLLS     OF 
STEEL   MILLS   IN   THE   UNITED    STATES 

1500  hp  direct-current  motors  driving  light  rail  mills. 
These  motors  are  still  operating  and  giving  entire  satis- 
faction. Here  again  success  indicated  the  future  drive, 
the  one  destined  to  displace  the  steam  engine  in  all  ex- 
cept very  special  cases.  The  increase  in  the  use  of 
motors  for  driving  main  rolls  is  clearly  shown  in  Fig.  i, 
which  includes  only  motors  of  300  hp  capacity  and 
above.  Over  75  percent  of  the  mills  which  contracted 
for  equipment  since  January  1st,  1916  ordered  electric 
drive. 

Within  the  last  eighteen  months  three  of  the  largest 
motor  equipments  of  their  kind  were  ordered,- — a  7000 
hp,  81.7  r.p.m.  machine,  the  largest  25  cycle  motor;  an 
18  5CX)  hp  reversing  blooming  mill  motor,  representing 
the  largest  blooming  mill  equipment,  and  a  4200  hp,  93 
r.p.m.  machine  representing  the  largest  60  cycle  motor 
ever  built.  Of  late  several  new  steel  plants  have  been 
built  and  equipped  throughout  with  electric  drive,  giv- 
ing good  examples  of  the  use  of  electricity  on  an  exten- 
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sive  scale,  and  showing  very  plainly  the  modern  tend- 
ency in  steel  mill  practice. 

The  electrical  reversing  mill  equipment,  due  to  pe- 
cul'ar  conditions  to  be  met,  may  be  placed  in  a  class  by 
itself.  In  1907  the  first  reversing  equipment  was  in- 
stalled in  the 
South  Chicago 
Works  of  the  Illi- 
nois Steel  Com- 
pany at  South 
Chicago,  for 
driving  a  30  inch 
universal  revers- 
ing plate  mill. 
This  equipment 
was  developed 
without  knowl- 
edge of  the  fact 
that  a  similar 
equipment  was 
being  built  i  n 
-Austria,  which 
holds  the  dis- 
tinction of  being  the  first  in  the  world.  The  extreme- 
ly rapid  growth  in  the  application  of  electric  power 
to  reversing  mills  is  shown  by  Fig.  2.  To  dale,  twenty- 
four  electricallj'  driven  reversing  equipments  have  been 
ordered — twenty  one  of  these  within  the  last  three 
years,  most  of  which  are  in  operation  at  the  present 
time.  Very  complete  data  from  a  number  of  these  mills 
has  been  of  valuable  assistance  in  working  out  the  broad 
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FIG.    2  —  TOTAL        HORSE-POWER 
STALLED     FOR     DRIVING     ELECTRICAL 
BLOOMING    MILL    EQUIPMENTS    IX 
THE    ITNITED    STATES 
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FIG.   3 — REVERSING    MOTOR   WHICH    DRIVES    THE  00   INCH    UNFVERSAL 
PLATE    MILL    FOR   THE   BETHLEHEM    STEEL   COMPANY 

This  motor  has  a  maximum  rating  of  18500  hp,  and  a 
maximum  speed  of  100  r.p.m.  It  is  of  the  double  armature 
type,  this  method  of  construction  reducing  the  inertia  to  a 
minimum.  Complete  compensating  field  windings  insure  good 
commutation  under  the  rapidly  fluctuating  and  high  peak  loads 
encountered  in  this  service.  A  thrust  bearing  protects  the 
motor  from  any  thrust  which  may  be  developed  in  the  mill. 
This  motor  receives  its  power  from  the  flywheel  generator 
set  shown  in  Fig.  4. 

engineering  conclusions  which  will  assure  machines  of 
the  proper  characteristics  and  a  well-balanced  unit  of 
mill  and  driving  equipment  throughout.  The  operation 
and  power  requirements  of  these  equipments  can  be 
checked  easily  and  the  results  produced  by  the  first  in- 
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stallations  have  led  the  engineers  of  one  of  the  large 
steel  companies  to  state  that  electric  drive  would,  no 
doubt,  supplant  the  reversing  steam  ens;ine.  in  the  near 


i  IG.    4      MOTOR-GENERATOR    FLYWHEEL    SET    WHICH    FURNISHES 
POWER  TO  THE   MOTOR   SHOWN   IN   FIG.   3. 

This  set  consists  of  a  5000  hp,  wound-secondary  induction 
motor,  driving  a  75  ton  flywheel  and  two  direct-current 
generators.  These  generators  are  also  of  the  compensated 
type  and  will  successfully  commutate  loads  of  three  to  four 
times  their  continuous  rating.  The  generators  and  the  motor 
receive  their  excitation  from  a  small  exciter  set  consisting 
of  two  direct-current  generators  driven  by  a  squirrel-cage 
induction  motor.  One  of  the  generators  supplies  the  shunt 
excitation  for  the  motor  and  the  generators,  while  the  other 
has  its  field  in  series  with  the  armature  circuit  of  the  main 
motor  and  supplies  the  compounding  characteristic.  The 
system  of  control  limits  the  current  to  a  predetermined  maxi- 
mum so  that  the  operator  cannot  abuse  the  equipment. 

future,  except  in  rare  and  peculiar  cases.  Practically  all 
new  installations  of  reversing  mills  will  be  electrically 
driven. 

Another  important  feature  is  that  electrical  revers- 
ing mill  equipments  form  an  excellent  load  for  central 
stations  since,  due  their  inherent  characteristics,  their 
power  demand  is  verv  steady. 


FIG.    5 — 4200    HP    WOUND    SECONDARY    MOTOR    DRIVING    THE    M0RG.\N 

CONTINUOUS    MILL   IN   THE   PLANT   OF   THE   UNITED    ALLOY 

STEEL  COMPANY,  AT  CANTON,  OHIO 

Due  to  the  low  speed,  this  is  the  largest  60  cycle  motor, 
mechanically,  that  has  ever  been  built.  The  frame  is  27  feet 
6  inches  in  diameter  and  stands  17  feet,  4  inches  above  the 
Hoor  Ihe  motor  is  wound  for  2200  volts,  3  phase,  60  cycles 
and  has  a  full-load  speed  of  93  r.p.m.  The  control  consists 
ot  oil  circuit  breakers  in  the  primary  and  magnetic  contactors 
in  the  secondary.  Acceleration  is  accomplished  by  means  of 
accelerating  relays. 

There  is  an  increasing  tendency  towards  the  use  of 
central  station  power  in  all  kinds  of  steel  mill  service. 
Purchased  power  at  the  present  time  amounts  to  more 
than  three  hundred  million  kilowatt-hours  per  year. 
The  various  advantages  to  be  gained  by  using  the  pro- 


duct of  central  stations,  where  every  attention  is  di- 
rected toward  the  economical  generation  of  power,  are 
gradually  being  recognized.  This  is  evidenced  by  the 
fact  that  during  the  last  three  years  approximately  50 
percent  of  the  motor  units  applied  to  main  rolls  wee 
connected  to  central  station  lines ;  and  that  the  percent- 
age of  power  used  by  these  motors  as  compared  with 
power  required  by  the  total  main  roll  motors  has  in- 
creased from  12  to  approximately  20  percent. 

Over  80  percent  of  the  steel  products  of  this  coun- 
try are  rolled  and  at  present  there  are  approximately 
460  plants   rolling   steel  in  this    country.  Each   plant  is 


FIG.    6 — 7000     HP,     WOUND-SECONDARY     MOTOR,     DRIVING     THE      l6o 

INCH    PLATE   MILL  AT  THE  G.\RY  PLANT  OF,  THE  ILLINOIS 

STEEL   COMPANY 

This  is  the  largest  motor  both  from  the  standpoint  of 
continuous  and  of  maximum  ratings  that  has  been  built.  It 
has  a  continuous  rating  of  7000  hp  and  a  maximum  rating  of 
lour  times  normal  torque,  corresponding  to  28000  synchronous 
horse-power.  It  is  wound  for  6600  volts,  2$  cycles  and  has  a 
full  load  speed  of  81.7  r.p.m.  A  plate  mill  requires  a  large 
amount  of  flywheel  effect  to  equalize  the  load  drawn  from 
the  power  house,  and  in  this  case,  it  was  decided  to  incorporate 
it  in  the  rotor  of  the  motor.  This  made  necessary  the  use  of 
a  rotor  of  large  diameter  and  the  use  of  heavy  rim  weights 
to  get  the  required  effect.  The  rim  weights,  which  are  in  the 
form  of  rings,  are  bolted  one  on  each  side  of  the  spider.  Each 
ring  is  cast  in  two  halves,  the  halves  being  held  together  by 
means  of  shrink  links.  The  control  for  this  motor  consists 
of  solenoid  operated  circuit  breakers  in  the  primary  circuit, 
and  magnetically  operated  secondary  control.  The  secondary 
control  is  operated  from  a  master  switch,  the  acceleration 
being  controlled  by  current  limit  relays.  An  extremely  large 
amount  of  grid  resistance  was  supplied,  as  it  was  necessary 
to  provide  sufficient  resistance  in  the  secondary  circuit  to  give 
the  speed  drop  necessary  to  utilize  the  flywheel  effect  of  the 
rotor.  As  a  machine  of  this  type  would  drift  for  some  time 
after  the  power  was  cut  off,  braking  is  provided  by  applying 
direct  current  to  one  phase  of  the  primary  and  loading  the 
secondary  on  the  starting  resistance.  In  this  way,  the  motor 
acts  as  a  generator,  bringing  it  quickly  to  rest. 

operating  at  least  one  mill — a  great  many  are  operating 
from  one  to  five  and  more.  To  date,  approximately  370 
main  roll  drives  of  300  horse-power  capacity  and  above 
have  been  ordered.  With  this  field  in  which  to  work  and 
the  fact  that  the  numerous  advantages  of  electric  dri\e 
over  steam  are  very  generally  established,  the  enormous 
possibilities  for  future  electrification  are  evident.  This 
is  exclusive  of  the  demand  for  electrical  equipment  for 
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use  in  connection  with  the  various  blast  furnaces,  plants 
making  steel  ingots,  etc. 

When  estimating  the  possibilities,  an  important  con- 
sideration is  the  fact  that  during  the  last  two  and  one- 
half  years  most  mills  have  been  operating  under  a  tre- 
mendous strain.  This  means  that  the  life  of  the  existing 
steam  drives  is  shortened  and  replacement  will  be  con- 
sidered at  the  first  opportunity.  It  is  quite  probable  that 
in  many  cases  it  will  be  found  advisable  to  replace  the 
entire  equipment  on  account  of  deterioration  and  the 
fact  that  the  mill  is  inadequate  to  meet  present  day  re- 
quirements. 
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Geared  motors  of  this  type  are  rapidly  coming  into  favor. 
A  high-speed  motor  is  coupled  to  a  high  class  herring-bone 
gear  unit,  the  entire  equipment,  in  most  cases,  costing  much 
less  than  the  equivalent  low-speed  motor,  and  offering  decided 
advantages  in  performance.  A  typical  example  of  this  tvpe 
of  drive  consists  of  a  6000  hp,  350  r.p.m.  motor  of  the  type 
shown  above,  which  is  geared  to  an  80  r.p.m.  girder  mill  'for 
the  Imperial  Steel  Works  of  Japan. 

Another  item  in  the  electrification  of  the  steel  in- 
dustry which  is  growing  rapidly  is  the  electric  furnace. 
There  were  73  electric  furnaces  operating  or  on  ordei 
in  the  United  States  and  8  in  Canada  on  January  ist, 
1916;  one  year  later,  there  were  i36in  the  United  States 
and  19  in  Canada,  showing  an  increase  of  91.3  percent. 

The  total  electric  power  requireinents  of  the  steel 
industry  are  growing  at  a  most  unusual  rate.  The  aver- 
age increase  within  the  last  two  years  has  been  at  the 
rate  of  300  percent  of  the  largest  previous  yearly  addi- 
tions. This  is  marked  evidence  of  the  satisfactory  solu- 
tion that  has  been   made   of  the  manv    steel   mill  drive 


problems.  Complete  field  in\estigations  and  tests  have 
been  made  on  practically  every  class  of  mill,  such  as 
sheet,  plate,  billet,  bar,  rod,  merchant,  rail,  structural 
;ind  reversing  mills  of  the  blooming,  slabbing  and  plate 
types.  Every  mill  however,  has  its  special  requirements 
of  rolling  schedule  and  various  factors  which  tend  to 
([ualify  the  conditions  specifically.  Though  the  experi- 
ence already  obtained  by  means  of  motor  drive  has  done 
much  to  establish  definite  data  on  rolling  requirements, 
to   obtain   satisfactory   results  it    is  necessarv   to  make 


FIG.   8 — GEAR   UNIT   FOR  THE  TVl'E  OF    iMOTOR   SHOWN   IN    FlC.    7 

A  gear  unit  of  this  type  has  a  very  high  efficiency,  about 
98  percent,  so  that  the  overall  efficiency  is  about  the  same  as 
that  of  the  low-speed  motor,  while  the  power-factor  of  the 
high-speed  motor  is  much  better  than  that  of  the  low. 

practical  application  of  this  data  as  can  only  be  obtained 
by  close  co-operation  of  steel  mill  engineers.  Many  un 
usual  installations  have  been  made  within  the  last  two 
years  and  the  data  soon  available  from  these  drives  will 
be  of  great  interest  and  value. 

The  outlook  for  the  future  is  very  promising.  Even 
after  conditions  in  Europe  become  more  normal,  the 
output  of  foreign  mills  will  be  required  for  making  re- 
pairs and  maintenance,  while  much  of  the  reconstruc- 
tion will  doubtless  be  carried  on  by  the  use  of  American 
steel  products.  These  demands  will  be  in  addition  to  the 
ever-increasing  use  of  steel  and  the  large  domestic  re- 
quirements. 


Antoidatic  Oiv)i*atHyn  ot  \V)\\  Moists  ('or 
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E.  S.  Lammers,  Jr.  and  C.  H.  Hodgki.vs 
HIS  application    represents   one  of    the  most  in 


I  "-resting  requirements  that  have  been  fulfilled  by 
■*•  modern,  industrial  controllers.  It  also  repre- 
sents another  instance  where  the  motor  of  today  has  re- 
placed the  steam  cylinder  of  yesterday  through  the  de- 
velopment of  a  reliable  controller  to  operate  the  motor 
through  a  definite  cycle.  The  general  arrangement  of  the 
modern  hoisting  mechanism  used  to  feed  the  raw  ma- 


terials to  a  blast  furnace  is  shown  in  Fig.  I.  The  raw 
material  is  loaded  in  the  skip  hoist  bucket  A,  and  is 
hoisted  to  the  top  of  the  furnace  where  it  automatically 
dumps  its  load  into  the  hopper  B.  Skip  hoists  are 
usually  constructed  with  two  buckets,  so  that  when  a 
loaded  bucket  is  hoisted  an  empty  bucket  is  lowered. 
The  raw  material,  consisting  of  either  ore,  coke,  lime- 
stone, or  occasionally  scrap  iron,  slides  down  from  the 
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hopper  into  the  thront  D  on  top  of  the  >niall  bell  E. 
When  the  small  bell  is  lowered,  the  material  falls 
through  to  the  large  bell  F. 

The  hoisting  mechanism  for  both  bells  is  similar, 
inasmuch  as  both  are  connected  to  fulcrumed  levers  G, 
counterweighted  with  a  series  of  iron  discs  or  plates  H. 
The  ropes  "are  attached  just  above  the  counterweights 
and  pass  over  sheaves  to  the  hoisting  mechanism  in  the 
hoist  house.  The  hoisting  mechanism  for  a  bell  consists 
of  a  large  bell  crank  to  which  a  motor  is  connected 
through  a  worm  and  worm  wheel,  giving  a  large  re- 
duction so  that  a  standard  motor  is  applicable.  Through 
the  first  i8o  degrees  of  travel  of  this  bell  crank,  the 
rope  is  pulled  down  through  a  distance  equal  to  the 
diameter  of  the  crank.  This  raises  the  counterweight 
and  allows  the  bell  to  lower  and  discharge  its  load. 
During  the  next  t8o  degrees  travel,  which  completes 
the  cycle,  the  counterweight  is  allowed  to  lower  and 
raise  the  bell  to  its  original  closed  position.  It  will  be 
seen  that,  during  the  first  i8o 
degrees,  the  motor  must  deliver 
I  certain  amount  of  pow- 
raise  the  counter- 
but  that  during 
the  remainder  of 
the  revolution, 
little  or  no  pow- 
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FIG.    I — GENER.\L       ARR.\NGEMEXT      OF 
THE     AUTOMATIC     HOISTING     MECHAN- 
ISM  OF  A   RLAST  FURNACE 

A — skip  hoist  bucket ;  B —  hopper ; 
C — skip  hoist  winding  ■  drum  ;  D — 
throat ;  £ — small  bell ;  F — large 
bell;  G — levers;  H — coimter  weights;  / — sheaves;  K —  idlers; 
L — large  bell  hoisting  mechanism ;  M — small  bell  hoisting 
mechanism;   A' — hoist  house. 

er  is  required  as  the  counterweight  drops  by  gravit^^ 
The  bells  are  operated  through  a  counterweight  to 
prevent  over-loading.  Should  anything  happen  to  the 
hoisting  mechanism,  the  bells  would  automatically 
dump  themselves  when  sufficient  material  was  loaded 
on  them  to  overbalance  the  counterweights.  On  the  less 
modern  furnaces  the  bells  are  operated  similarly  but 
with  steam  cylinders  and  pistons  to  raise  the  counter- 
weights. 

The  coke,  ore  and  limestone  is  delisered  to  the  top 
of  the  furnace  in  a  certain  sequence  specified  by  the 
blast  furnace  superintendent.  This  sequence  is  changed 
according  to  the  grade  of  pig  iron  desired  or  due  to  the 
inherent  behavior  of  the  furnace  itself.  The  small  bell 
operates  after  every  bucket  load  of  the  skip  hoist  and 
discharges  its  load  on  to  the  large  bell.  However,  the 
large  bell  operates  only  in  accordance  with  the  sequence 
at  which  this  raw  material  is  delivered  to  the  top  of  the 
furnace.  For  example,  should  this  material  be  delivered 
to  the  top  of  the  furnace  in  the  following  sequence: 
four  loads  of  coke,  four  loads  of  limestone,  and  four 
loads  of  ore,  the  large  bell  should  operate  only  once  to 
every  four  times  of  the  small  bell.  Then  again,  this  se- 


quence is  sometimes,  four  lo;ids  of  coke,  four  loads  of 
limestone  and  two  loads  of  ore.  Here  the  large  bell 
should  operate  after  the  fourth,  eighth  and  tenth  oper- 
ation of  the  small  bell  and  then  repeat.  There  are  other 
sequences  used  and,  in  practice,  it  has  been  found  that 
the  sequences  which  meet  all  the  requirements  of  the 
blast  furnace  are  a  factor  of  twent}-. 

To  obtain  this  feature  a  sequence  switch  is  used 
which  is  geared  directly  to  the  hoisting  mechani.sm  of 
the  small  bell.  This  sequence  switch  consists  of  a  steel 
disc  about  12  inches  in  diameter  in  which  are  inserted 
radially  and  at  et[ual  distances  around  the  circumfer- 
ence, 20  teeth.  Each  tooth  fits  in  a  machined  groove  and 
can  be  raised  or  lowered  by  tlie  removal  of  a  bolt.  la 
addition,  each  tooth  has  a  dowel  pin  which  fits  in  a 
hole  in  the  steel  disc  for  both  the  raised  and  lowered 
positions,  thereby  definitely  locating  the  tooth  for  each 
position  and  also  preventing  any  possibility  of  the  tooth 
working  loose.  By  means  of  a  ratchet  and  pawl,  this 
disc  is  rotated  1/20  of  a  revolution  for  every  revolution 
of  the  small  bell  hoist.  A  tooth,  when  in  the  raised  posi- 
tion and  when  passing  a  certain  point,  momentarily 
closes  an  electrical  contact  which  establishes  the  circuit 
for  the  controller  of  the  motor  of  the  large  bell  and 
causing  it  to  complete  one  cycle  and  stop.  Before  the 
large  bell  will  make  another  cycle  of  operation,  the  cir- 
cuit must  once  more  be  established  from  the  sequence 
switch  on  the  hoist  of  the  small  bell. 

Thus  it  can  readily  be  seen  that  if  every  fourth 
tooth  is  raised,  the  large  bell  will  operate  only  after 
ever>-  fourth  operation  of  the  small  bell.  Any  sequence 
can  be  obtained  very  easily  with  this  device  if,  after  the 
20th  revolution  of  the  small  bell,  the  sequence  will  re- 
peat itself.  If  any  other  sequence  other  than  a  factor 
of  twenty  is  desired,  it  can  be  secured  by  changing  the 
number  of  teeth  on  the  ratchet  and  the  number  of  teeth 
on  the  disc  to  meet  the  sequence  desired. 

To  make  sure  that  this  toothed  disc  will  make  ex- 
actly I /20th  of  a  revolution  to  every  revolution  of  the 
small  bell  mechanism,  the  latter  is  supplied  with  a  star 
wheel,  which  in  addition,  prevents  this  disc  from  losing 
or  gaining  any  part  of  a  revolution.  All  wearing  parts 
are  case  hardened  to  insure  long  life  as  a  blast  furnace 
operates  day  and  night  throughout  the  year. 

As  explained  before,  the  small  bell  completes  a 
cycle  of  operation  after  every  bucket  load  of  the  skip 
hoist  is  dumped.  This  is  accomplished  through  a  limit 
switch  of  the  cam  type  which  is  geared  to  the  winding 
drum  of  the  skip  hoist  in  the  hoist  house.  This  limit 
switch  is  better  known  as'the  "floor  switch".  The  cams 
of  this  floor  swatch  are  arranged  so  that  just  as  the 
bucket  is  leaving  the  top  of  the  furnace,  a  momentary 
contact  is  set  up  which  establishes  the  circuit  for  the 
controller  of  the  small  bell  which  operates  the  motor 
through  one  complete  cycle. 

It  is  approximately  35  seconds  from  the  time  the 
empty  bucket  starts  to  leave  the  top  of  the  furnace  and 
the  time  the  loaded  bucket  arrives.  Each  bell  completes 
its    cvcle   of    operation   in    approximately    14    seconds. 
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This  allows  the  sinail  bell  more  than  sufficient  time  to 
discharge  the  load  of  one  bucket  and  be  ready  to  receive 
the  load  of  the  next  bucket. 

The  bells  lower  to  discharge  their  load  and  the  ma- 
terial slides  off  by  gravity.  In  order  to  allow  this  ma- 
terial sufficient  time  to  slide  off,  the  hoist  is  slowed 
down  at  the  extreme  open  position  of  the  bell.  This  fea- 
ture is  more  particularly  a  requisite  of  the  large  bell 
which  has  more  material  to  discharge  than  the  small 
bell.  In  order  that  the  bells  may  seat  easily,  the  hoist  is 
slowed  down  on  approaching  the  extreme  closed  posi- 
tion. Dynamic  braking  is  supplied  in  the  off  position 
to  insure  a  positive  stop  and  to  prevent  drifting.  In  ad- 
dition, magnetic  brakes  are  used  to  hold  the  hoist  in  the 
off  position.  Direct-current  motors  are  used,  on  -ac- 
count of  the  ease  and  simplicity  with  which  these  fea- 
tures can  be  obtained. 

Another  characteristic  of  this  control  is  that  volt- 
age failure  does  not  interfere  with  the  sequence  of  op- 
erations. That  is,  if  the  voltage  fails  after  either  the 
floor  switch  or  the  sequence  switch  have  made  their 
momentary  contact  a  cycle  of  operation  will  follow, 
•even  though  delayed  by  such  an  occurrence.  If,  on  the 
other  hand,  the  controller  is  in  the  off  position  and  there 
is  a  voltage  failure,  nothing  will  occur.  This  is  an  im- 
portant feature  as  it  obviates  the  necessity  of  an  inspec- 
tion after  every  voltage  failure  and  a  possible  readjust- 
ment of  the  sequence.  To  obtain  this,  a  mechanically- 
latched  relay  is  used  to  set  up  the  circuit  for  the  con- 
troller from  cither  the  floor  switch  or  the  sequence 
switch.  This  relay  consists  of  two  operating  coils,  one 
to  release  the  latch  and  to  allow  the  contact  to  make  by 
gravity  and  the  other  to  open  the  contact  and  allow  it 
to  rc^c!  under  its  lalch.   Tn  ilie  (iff  position,  the  contact 
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is  held  open  under  the  latch  and  consequently  a  voltage 
failure  affects  nothing.  However,  when  the  floor  switch 
makes  its  momentary  contact,  the  latch  is  released  and 
the  contact  makes  by  gravity.  Thus  the  controller  will 
complete  its  cycle  even  though  delayed  by  a  voltage 
failure.  When  the  hoist  is  started,  limit  switches  estab- 
lish a  holding  circuit  and  relatch  this  relay  contact. 
Each  bell  hoist  controller  has  a  similar  relay,  one  is  re- 
leased by  the  floor  switch  and  the  other  from  the  se- 
quence switch. 

An  ordinary  no-voltage  release  arrangement  would 
•not   protect   the    sequence  in    case  of    voltage    failure. 


eration  of  both  bells  would  follow,  if  the  controllers 
were  in  the  off  position  when  voltage  failure  occurs. 
An  extra  operation  of  the  large  bell  does  no  harm  but 
an  extra  operation  of  the  small  bell  when  the  control- 
lers are  .set  for  full  automatic  operation  will  notch  the 
sequence  device  ahead  one  notch  and  cause  the  large 
bell  to  operate  one  ahead  of  its  proper  sequence  unless 
i-ead  justed. 

The  controller  for  the  small  bell  and  the  controller 
for  the  large  bell  are  duplicates,  and  the  limit  switches 
are  similar  with  the  exception  that  the  limit  switch  for 
the    small    bell  has    the    sequence     switch    attachment. 


FIG.   3 — BELL-HOISTI.VG   CONTROL    .MIXIIANISM 

Showing  sequence  switch,  star  wheel  and  no-voltage 
release  arrangement. 

These  controllers  normally  operate  automatically  and 
are  electrically  interlocked  through  a  contact  on  each 
limit  switch  so  that  both  bells  cannot  open  at  the  same 
lime  and  thereby  cause  a  waste  of  heat  and  gas. 

Besides  the  full  automatic  operation  of  these  con- 
trollers, means  are  provided  whereby  extra  operation  of 
either  bell  can  be  obtained.  When  extra  operation  of 
the  small  bell  is  desired,  a  magnet  on  the  sequence 
switch  is  energized  which  lifts  the  pawl  from  the 
ratchet  so  that  during  the  extra  operation  the  sequence 
will  not  be  affected. 

Conclusion 

The  features  incorporated  in  the  controlling  equip- 
ment for  bell  hoists  can  be  enumerated  as  follows: — 

I— The  small  bell  is  operated  after  every  bucket  load  of 
the  skip  hoist  is  dumped. 

2— The  large  bell  can  he  operated  in  any  factor  of  20 
operations  of  the  small  bell.  This  sequence  can  easily  be 
changed  and  is  absolutely  reliable. 

3— Failure  of  voltage  will  not  effect  the  sequence  of  opera- 
tions. ,  , 

4— The  bells  are  slowed  down  for  a  few  seconds  at  the 
full  open  position  to  allow  sufficient  time  for  the  material  to 
slide  off.  , 

5_The  bells  are  slowed  down  on  approaching  the  closed 
position  to  allow  the  bells  to  seat  easily.  .  . 

6— Dynamic  braking  is  provided  in  the  off  position  to  in- 
sure a  positive  and  quick  stop,  and  to  prevent  drifting. 

7 A  magnetic  brake  is  provided  to  hold  the  hoist  in  the 

off  position. 

8— The  controllers  are  electrically  interlocked  so  as  to 
prevent  both  bells  from  opening  at  the  same  time  when  opera- 
ting full  automatic  and  when  extra  operation  of  the  bells  are 
obtained.    '  .       .       •  1 

q — Extra  operation  of  either  bell  can  be  obtained  without 
affecting  the  sequence. 

10 — Arrangements  are  provided  whereby  both  bells  can  be 
opened  together  and  stopped  at  any  point.  This  feature  can  be 
locked  so  as  to  place  this  manipulation  in  the  hands  of  some 
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THE  rapid  growth  in  the. business  of  central  sta- 
tions during  the  last  few  years  has  been  due 
primarily  to  the  fact  that  the  central  station  is 
economically  sound  in  principle,  because  power  can  be 
generated  at  one  large  central  plant  and  delivered  to  the 
various  points  at  which  it  is  to  be  utilized  in  the  form  of 
electrical  energy  more  economically  than  it  can  be  gen- 
erated by  individual  plants  at  the  various  points  of  con- 
sumption. One  important  factor  in  this  result  has,  of 
course,  been  the  very  low  costs  of  producing  energy 
which  are  attained  at 
large  central  stations 
using  very  large  gen- 
erating units,  as  com- 
jjared  with  the  isolated 
plant  with  small  and 
inefficient  units.  But 
another  factor  of  no 
less  importance, 
though  less  thorough- 
ly understood,  is  the 
"diversity"  of  the  load 
on  the  central  station, 
due  to  the  widely 
varying  power  re- 
quirements of  its 
many  customer  s. 
T  h  u  s  a  n  isolated . 
plant,  to  serve  an 
office  building,  must 
be  large  enough  to 
meet  the  largest  de- 
mand f  or  power 
made,  but  it  is  loaded 
only  when  and  to  the 
extent  that  the  build- 
ing is  occupied.  A 
plant  to  supply  power 
to  a  mill  must  be  large 
enough  to  meet  the 
heaviest  momentary 
power  requirement, 
but  will  have  idle  capacity  at  all  times  when  this  maxi- 
mum amount  of  power  is  not  being  taken,  and  so  on.  At 
the  central  station,  however,  the  same  generating  capac- 
ity supplies  power  successively  for  carrying  the  people 
to  work  on  the  street  cars,  for  lighting  office  buildings 
and  stores  and  running  mill?  during  the  day,  and  for 
furnishing  residence  and  street  lights  at  night.  Thus  the 
same  generator  in  the  central  station,  when  used  to  serve 
so  many  different  consumers  each  day,  is  much  more 
effectively  utilized  than  is  one  in  the  small  plant  which  is 
used  for  only  one  purpose.  The  result  is  that  the  total 
capacit)'  required  to  serve  a  given  district,  when  located 
in  one  central  generating  plant  is  only  a  fraction  of  that 
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Of  the  Duquesne   Light   Company  and  the  West  Penn  Power  Company. 


which  would  be  required  to  supply  the  same  service  from 
many  isolated  plants.  Therefore,  not  only  is  the  invest- 
ment per  kilowatt  and  the  cost  of  producing  energy  in 
the  large  plant  much  lower  than  in  the  small  one,  but 
the  aggregate  capacity  required  in  the  large  plant  for 
each  kilowatt  of  customer's  demand  is  much  less.  The 
wider  the  territory  covered  and  the  greater  the  number 
of  consumers,  the  greater  is  the  diversity  of  load  and, 
therefore,  the  greater  the  saving  in  investment  when 
served   from  one  plant   or,  what  is  the  same  thing,   by 

several  plants  tied  to- 
gether through  a  net- 
work of  transmission 
lines.  The  latter  fact 
w  a  s  demonstrated 
very  forcibly  about  a 
year  ago,  when  an  in- 
vestigation was  made 
into  the  electric  power 
supply  for  the  south- 
western part  of  Penn- 
sylvania. 

Two  central  sta- 
tion systems  are  the 
chief  sources  of  sup- 
ply to  this  territory. 
The  Duquesne  Light 
Company  serves  the 
counties  of  Allegheny 
and  Beaver,  including 
the  Pittsburgh  metro- 
politan district,  while 
the  West  Penn  Power 
Company  serves 
Washington,  W  e  s  t- 
moreland,  Greene, 
Fayette  and  Butler 
counties.  The  terri- 
tories served  by  the 
two  companies  ad- 
join each  other  for  a 
distance  of  some  sixty 
miles  as  is  shown  by  Fig.  i. 

The  character  and  locations  of  the  loads  of  the 
two  systems  demonstrated  very  clearly  that  it  would  be 
to  their  mutual  advantage  to  operate  in  conjunction  in- 
stead of  independently.  The  principal  advantages  to  be 
gained  in  this  way  were  as  follows: — 

I — Saving  in  power  plant  investment  due  to  the  diversity 
of  the  loads  of  the  two  systems. 

2 — Saving  in  power  plant  operating  costs  by  improvement 
in  load  factor. 

3 — Saving  in  transmission  investment  and  losses  by  carry- 
ing all  load  from  the  nearest  power  plant  and  by 
eliminating  unnecessary  duplication  of  lines. 

4 — Improvement  to  service  by  the  mutual  use  of  the  system 
of  both  companies  for  the  benefit  of  either  one  in 
times  of  trouble. 
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Accordingly  an  agreement  was  entered  into  by  the 
two  companies  for  an  exchange  of  power  between  their 
respective  systems.  It  was  the  intention  that  neither 
bhould  be  required  to  make  any  special  investment — ex- 
cept that  needed  to  connect  the  various  transmission 
lines  of  the  two  systems  at  their  nearest  points,  but  that 
all  of  the  spare  capacity  both  in  the  plant  and  trans- 
mission lines  of  each  system  should  be  made  available 
at  all  times  for  the  use  of  the  other.  Under  the  terms  oi 
the  agreement  each  company  guarantees  to  supply  to 
the  other  company,  at  off  peak  periods  only,  such  a 
number  of  kilowatts  as  it  can,  without  placing  on  its 
plant  a  load  exceeding  the  peak  load  of  its  own  system. 
Nevertheless  the  agreement  is  sufficiently  flexible  so  that 
in  an  emergency  either  company  can  take  from  the 
other  as   mucli  power  a?    the  latter  is   able  to  supply  at 
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FIG.    2 — LOAD  CURVES   OF  THE  DUQUESNE  LIGHT   .AND 
WEST   PENN    POWER   COMPANIES 

For  a  winter  day. 
the  particular  time  when  needed.  It  also  permits  each 
company  to  place  permanentl}'  on  the  other  company's 
system  such  part  of  its  load  as  may  be  desirable  or 
economical,  provided  it  will  carry  permanently  on  its 
own  system  an  equal  amount  of  the  other  company's 
load.  The  transmission  systems  of  the  two  companies 
as  well  as  the  power  plants  can  thus  be  used  most  ef- 
fectively and  the  minimum  average  transmission  dis- 
tance maintained  for  the  combined  load. 

The  maximum  load  curves  of  the  two  systems  for 
last  winter  and  the  combination  of  the  two  is  shown  in 
Fig.  2.  The  difference  in  the  characteristics  of  the  two 
curves  is  due  to  the  different  character  of  the  load  car- 
lied.  The  sharp  evening  peak  of  the  Duquesne  Light 
Company  arovmd  5  P.  M.  is  due  to  the  street  railways 
and  residence  lighting  which,  in  the  City  of  Pittsburgh, 
is  of  sufficient  magnitude  to  control  the  system  peak.  In 
the  territory  served  by  the  West  Penn  Company,  how- 


ever, these  elements  of  load  are  relatively  small  and  the 
system  peak  is  created  by  the  industrial  power  load, 
which  makes  its  maximum  demand  in  the  morning. 
Thus  the  peak  of  the  Duquesne  Light  Company  occur- 
red in  the  e\'ening  while  that  of  the  West  Penn  Com- 
l«any  was  in  the  morning  so  that,  while  the  sum  of  the 
individual  peaks  was  175  000  kilowatts,  the  combined 
peak  amounted  to  167  000  kilowatts.  It  will  be  seen  that 
the  combination  of  the  two  systems  last  winter  reduced 
the  power  plant  capacity  required  to  carry  the  combined 
load  by  8000  kw.  It  is  further  found  that,  on  account 
of  the  diversity  of  the  territory  served,  the  heaviest 
loads  of  the  two  systems  seldom  come  on  the  same  day 
so  that  there  is  in  practice  a  still  greater  diversity  fac- 
tor than  that  indicated  by  the  above  figures.  In  practice 
the  reduction  in  the  peak  loads  of  the  plants  is  accom- 
plished by  putting  a  part  of  the  West  Penn  load  on  the 
Duquesne  system  in  the  morning  and  by  putting  a  part 
of  the  Duquesne  Company's  load  on  the  West  Penn  .sys- 
tem in  the  evening.  This  automatically  increases  the 
load  factor  of  the  plants  of  both  companies. 

It  will  be  seen  from  Fig.  i  that  some  West  Penn 
substations  are  nearer  to  -the  Duquesne  Light  Com- 
pany's plant  at  Brunot's  Island  than  to  the  Connellsville 
plant  of  the  West  Penn  Company  and  vice  versa.  Under 
the  agreement  now  in  force  all  of  these  stations  will 
ultimately  be  carried  from  the  nearest  power  plant,  and 
it  has  been  estimated  that  more  than  fifty  miles  of  high- 
tension  transmission  line  can  be  saved  thereby. 

That  better  service  can  be  given  with  the  com- 
bined resources  of  the  two  s)'stems  available  to 
either,  when  needed,  is  so  self-evident  that  it  needs  no 
explanation.  Suffice  it  to  sa}-  that,  since  the  power  ex- 
change agreement  has  been  in  effect,  a  number  of  ser- 
ious interruptions  to  the  service  of  both  companies  hav^e 
been  avoided.  The  arrangement  thus  represents  another 
advance  in  the  reliability  of  central  station  service. 

Under  the  terms  of  the  contract  for  the  exchange 
of  power,  each  company  guarantees  to  take  from  the 
other  a  specified  demand  at  a  specified  load  factor  dur- 
ing specified  hours  of  each  day,  and  the  rate  charged  is 
the  same  for  both  companies.  It  will  thus  be  seen  that 
if  neither  company  takes  any  power  from  the  other  the 
guaranteed  payments  balance  each  other  and  neither 
company  is  involved  in  any  expense.  Almost  invariably, 
however,  the  power  taken  exceeds  the  guarantees.  The 
bills  are  rendered  each  month  by  each  company,  as 
"supplying  company"  to  the  other  as  "receiving  com- 
pany" for  the  guaranteed  demand  and  consumption,  or 
if  these  are  exceeded,  for  the  metered  maximum  de- 
mand and  consumption  of  the  previous  month.  To  de- 
termine the  maximum  demand,  each  company  as  "sup- 
plying company"  selects  any  three  days  of  the  month 
which  it  may  deem  most  favorable,  and  from  each  of 
those  three  days  selects  the  hour  during  which  the 
greatest  amount  of  energ)'  was  supplied  to  the  "receiv- 
ing companv'".  The  maximum  demand  is  then  taken  as 
one-third  of  the  aggregate  number  of  kilowatt  hours- 
supplied  during  the  three   hours   selected,  and    at  eveiy 
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point  of  connection  between  the  two  systems  a  demand 
meter  and  watthour  meter  are  installed  by  each  com- 
pany to  measure  the  maximum  demand  and  energ}- 
which  it  supplies  and  to  furnish  the  basis  for  billing. 
The  meters  are  provided  with  ratchets  to  prevent  then 
from  running  backwards,  so  that  each  meter  indicates 
the  true  demand  or  consumption  of  energy  supplied  by 
the  company  which  installed  it.  Each  company  is  re- 
sponsible for  the  accuracy  and  up-keep  of  its  own 
meters,  but  the  other  company  has  the  right  to  have  a 
representative  present  whenever  a  meter  seal  is  broken. 
In  order  to  attain  the  best  possible  results  of  joint 
operation  all  of  the  power  plants  of  both  companies  are 
normally  operated  in  parallel  through  one  huge  network 
of  transmission  lines.  These  lines  would,  however,  all 
be  needed  to  carry  the  load  if  parallel  operation  were 
not  employed.  Hence  absolutely  no  special  investment 
is  required  except  for  the  short  connecting  links. 

The  two  main  plants  are  of  course  the  determining 
factors  in  parallel  operation.  These  are  the  Brunot's  Is- 
land Plant  of  the  Duquesne  Light  Company  of  80  000 
kilowatts  capacity  and  the  Connellsville  plant  of  the 
West  Penn  Power  Company  of  50  000  kilowatts  capac- 
ity. They  are  approximately  forty-five  miles  apart  and 
can  be  connected  by  a  number  of  tie  lines  as  indicated 
in  Fig.  I.  Each  company  has  sufficient  load  along  the 
border  of  the  zone  served  by  it  so  that  it  is  only  neces- 
sary to  transfer  the  border  substations  from  one  plant 
to  the  other  in  order  to  accomplish  the  power  transfer 
desired.  In  parallel  operation  this  can  be  accomplished 
by  merely  shutting  off  a  little  steam  from  the  turbines 
at  one  power  plant,  and  putting  a  little  more  into  those 
at  the  other.  Thus,  for  example,  in  the  morning 
"Brunot's  Island"  will  supply  power  to  a  point  on  the 
tie  lines  somewhere  on  the  Connellsville  side  of  the  Can- 
onsburg  and  McKeesport  substations  of  both  companies 
while  in  the  evening  "Connellsville"  will  deliver  power 
to  a  point  on  the  Brunot's  Island  side  of  these  same 
stations.  It  will  thus  be  seen  that  the  exchange  of  power 
is  accomplished  witii  comparatively  little  disturbance 
to  the  conditions  of  parallel  operation  both  as  regards 
power  plant  voltages  and  cross  currents.  On  the  other 
hand  the  widely  fluctuating  nature  of  the  load  of  both 
systems,  due  to  its  being  largely  industrial  power  with 
many  large  motors  and  electric  furnaces,  makes  it  more 
difficult  to  secure  stable  parallel  conditions  than  would 
be  the  case  if  the  load  were  reasonably  constant.  Experi- 
ments have  been  made  with  various  combinations  of 
lines  tying  the  Brunot's  Island  and  Connellsville  plants 
together,  the  results  of  which  are  possibly  of  interest. 

These  tie  lines  include  66  000  volt,  22  000  volt  and 
1 1  000  volt  overhead  lines,  22  000  and  1 1  Ooo  volt  un- 
derground cables,  step-up  and  step-down  transformers, 
and  power  limiting  reactances,  the  latter  located  at  the 
Brunot's  Island  plant,  as  protection  against  short-cir- 
cuits on  the  outgoing  underground  cables.  The  trans- 
mission lines  between  Brunot's  Island  and  Connellsville 
can  be  connected  in  three  distinct  groups,  each  group 
having  a  different  impedance.  In  Table  i  is  given  the 
approximate  equivalent  impedance  of  each  group  on  the 


II  000  V(jlt  level,  and  the  kilovolt-amperes  between 
plants  at  which  the  automatic  circuit  breakers  connect- 
mg  the  systems  will  open.  It  was  found  that  combi- 
nation A  could  be  used  satisfactorily  on  Sundays  when 
the  big  motors  and  furnaces  were  oft"  and  the  load  fairly 
constant,  but  that  the  circuit  breakers  would  open  re- 
peatedly on  week  days  due  to  the  rapid  load  fluctuations 
and  swings  of  cross  current  resulting  from  tlie  high  im- 
pedance. Combination  B  gave  favorable  operation  un- 
der all  normal  conditions.  The  load  fluctuations,  how- 
ever, caused  wide  swings  of  current  in  the  tie  lines,  and 
constant  watching  and  manual  adjustment  of  the  tur- 
bine governors  at  both  plants  was  necessary  in  order  to 
keep  the  underground  cable  section  of  the  combination 
down  to  its  capacity,  which  was  approximately  one-half 
of  the  circuit  breaker  setting,  and  even  at  times  to  pre- 
vent the  opening  of  the  circuit  breaker.  Combination  C, 
however,  gave  satisfactory  operation  in  every  particu- 
lar. Load  fluctuations  do  not  cause  excessive  current 
swings,  and  the  circuit  breakers  remain  closed  under  all 
conditions  except  short-circuit. 

The  standard  substation  switchboard  panel  control- 
ling a  tie  between  the    two    systems  is    equipped    with 
the  usual  oil  circuit  breaker  and  disconnecting  switches, 
a  definite  time  limit  relay  to  control  the  automatic  oper- 
TABLE  I-TRANSMISSION  LINE  COMBINATIONS 


Line 
Combina- 
tion 

Resistance 

Ohms  at 

11000  Volts 

Reactance 

Ohms  at 

11000  Volts 

Impedance 

Ohms  at 
11  000  Volts 

K.  V.  A. 

A 
B 
C 

5.0 
3.0 
2.0 

6.0 
4.0 
3.0 

7  8 
5.0 
3.6 

15  000 
30  000 
40  000 

ation  of  the  oil  circuit  breaker,  two  demand  and  two 
watthour  meters  as  explained  above,  and  an  indicating 
ammeter  and  synchroscope.  This  equipment  places 
automatic  oil  circuit  breakers  with  definite  time  limit 
relays  at  all  points  where  the  two  .systems  are  connected, 
so  as  to  properly  separate  them  in  case  of  serious 
trouble.  The  circuit  breakers  are  set,  however,  so  that 
in  case  of  such  a  separation  the  total  load  will  be 
properly  distributed  between  the  power  plants  without 
seriously  overloading  any  of  them.  It  is  of  course  nec- 
essary in  selecting  step-up  and  step-down  transformer 
connections  for  tie  lines  to  use  the  proper  combination 
of  delta  and  star  connections  in  order  to  obtain  the 
Mune  phase  relations  at  all  tie-in  points.  The  neutral  of 
the  system  is  grounded  at  the  three  principal  power 
plants,  this  being  found  necessary  to  prevent  disturb- 
ances from  arcing  grounds,  lightning  storms,  etc. 

It  has  been  estimated  that  this  power  exchange 
agreement  between  the  Duquesne  Light  Company  and 
the  West  Penn  Power  Company  will  effect  a  saving  of 
many  thousands  of  dollars  in  the  investment  required 
properly  to  serve  with  electrical  energy  the  territoiy 
covered  by  the  two  companies.  This  is  especially  im- 
portant when  it  is  realized  that  the  saving  is  accom- 
plished solely  by  bringing  about  a  more  efficient  utiliza- 
tion of  the  equipment  installed  and  at  the  same  tnne 
that  this  saving  is  effected,  a  distinct  improvement  in 
reliabilitv  of  service  is  also  accomplished. 
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FOR  measuring  the  mechanical  output  of  prime 
movers  and  motors  during  efficiency  or  other 
tests,  some  form  of  prony  brake  has  been  com- 
monly employed.  While  reasonably  satisfactory  under 
certain  conditions,  the  prony  brake  has  limitations 
which  render  it  unsatisfactory  for  general  use.  These 
are : — 

I — Unsteady  load  due  to  varying  friction  of  brake  strap 
with  pulley. 

2 — Inability  of  brake  to  operate  continuously  over  long 
periods  so  that  economy  or  temperature  tests  can  be  made. 

3 — Inability  to  handle  large  outputs  due  to  heating  of  the 
brake  parts. 

4 — The  safe  rim  speed  of  prony  brake  pulleys  is  far  below 
many  modern  requirements. 

5 — Unsuitability  for  speed-torque  characteristics  having 
sharp  changes,  particularly  with  the  torque  decreasing  rapidly 
as  the  speed  decreases,  such  as  those  of  induction  motors 
between  maximum  torque  and  zero  speed. 

Under  average  conditions,  repetitions  of  prony 
brake  tests  show  considerable  variation  and  the  results 
must  be  considered  as  approximate  only. 


!■.      I  ]\I'UAL    ELECTIfIC    DYN.-\MOMETER 

Shown  at  A   with  muter  under  test  direct  connected  through 
coupling  il/. 

A  device  which  has  lately  been  coming  into  exten- 
sive use  for  the  calibration  of  electric  motors  and  gaso- 
line engines,  and  which  does  not  have  the  disadvantages 
or  limitations  of  the  prony  brake,  is  the  electric  dyna- 
mometer. Owing  to  its  high  sensitivity  and  its  ability  to 
maintain  constant  loads  indefinitely,  this  dynamometer 
is  very  satisfactory  for  experimental  tests  requiring  ac- 
curacy of  a  high  order.  Moreover,  when  properly  de- 
signed, it  is  entirely  suitable  for  commercial  testing  an,l 
will  handle  with  far  greater  accuracy  and  less  cost,  a 
greater  output  in  a  given  time  than  any  form  of  prony 
brake. 

A  typical  electric  dynamometer  used  for  experi- 
mental tests  is  shown  in  Fig.  i.  The  dynamometer 
proper  consists  of  a  direct-current  generator  A,  of  the 
usual  construction,  except  that  the  frame  is  supported 
in  such  a  way  that   it  is  free  to  turn.  The  bearings    for 


the  armature  shaft  are  carried  by  the  end  brackets  in 
the  usual  manner.  In  addition,  there  are  pedestals  DD 
having  ball  bearings  in  which  the  armature  bearing 
housings  rest  and  which  serve  as  knife  edges  on  which 
the  field  structure  can  turn.  The  frame  is  symmetrical 
with  respect  to  the  shaft  and  must  be  perfectly  bal- 
anced. The  engine  or  motor  under  test  is  direct  con- 
nected to  the  dynamometer  by  means  of  the  flexible 
coupling  M.  When  load  is  applied  at  the  generator  ter- 
minals, the  reaction  between  the  armature  and  the  field 
tends  to  rotate  the  frame,  and  this  tendency  is  measured 
on  scales  by  the  pressure  of  an  arm  E,  rigidly  fastened 
to  the  frame.  To  load  the  generator,  resistance  is  con- 
nected across  the  armature  terminals  or  the  current 
may  be  "pumped  back"  into  a  power  circuit.  Fine  ad- 
justment is  secured  by  varying  the  generator  voltage  by 
means  of  a  suitable  resistance  in  the  separately-excited 
field. 

The  power  developed  by  the  engine  or  motor  under 
test  is  employed  by  the  generator  in  supplying  the  e.\- 
ternal  load  and  also  in  its  own  internal  losses.  No  mat- 
ter whether  the  power  is  dissipated  externally  in  resist- 
ance, or  expended  on  internal  losses  in  the  generaLor, 
all  of  the  torque  transmitted  through  the  coupling  is 
measured  on  the  scales,  except  that  required  to  over- 
come the  windage.  This  is  the  small  amount  required 
bv  the  armature  in  overcoming  air  friction.  (The  air 
itself  may  be  considered  as  a  brake  opposing  rotation). 
It  is  therefore  desirable  to  avoid  projecting  parts,  such 
as  blowers  or  open  end  windings,  in  designing  a  dyna- 
mometer armature.  The  entire  body  of  the  rotor  should 
be  made  as  smooth  as  possible.  When  first  installed,  the 
windage  should  be  accin-ately  measured,  by  the  method 
hereafter  described.  In  a  well-designed  machine,  it  Vvill 
usually  be  found  so  small  as  to  be  negligible.  If  ex- 
treme accuracy  is  required,  correction  can  be  made  for 
lliis  loss. 

When  testing  a  motor  or  prime  mover  it  is  not 
necessary  to  measure  the  electrical  output  of  the  dyna- 
mometer generator.  The  power  transmitted  through 
the  coupling  (the  output  of  the  motor  or  prime  mover) 
is  derived  from  the  speed  and  the  torque  in  exactly  the 
same  manner  as  with  the  prony  brake,  the  loss  in  air 
friction  being  added  to  get  the  total  output,  thus  \— 

-'" 
Hp  =  R.p.m.  X  lbs.  ft.  X  TT^o  +  '' 

Where  L  =  hp.  loss  due  to  air  friction. 

For   quickly  adjusting   the  engine  or  motor   to  the 

proper  height    for  connection  to    the    dynamometer,    a 

raising  and  lowering  table,  G  Fig.  i,  is  used.  This  table 

is  operated  with  a  screw,  the  pitch  of  which  is  such  that 

close  adjustment  can  readily  be  secured.  There  is  also 

a  center,  H,  which  enables  the  operator  to  align  quickly 

the  engine  or  motor  under  test.  This  center  is  aligned 

with    the  dviiamometer    shaft  and    is  arranged    with  a 


THE    ELECTRIC   JOURNAL 


343 


screw  so  that  it  can   travel  toward   or  away    from   the      careful     measurements     indicate     that     this     loss     is 
dynamometer  to  accommodate  machines  having  different     negligible.     When    perfect    balance    exists,    a  weight 

of  a  fraction  of  an  ounce,  placed  on  the  scale  arm  at  E 
should  cause  the  frame  to  tend  to  rotate.  Otherwise,  it 


shaft  lengths. 

The  coupling  for  connecting   the  apparatus   under 


FIG.    2 — TESTING    AUTOMOBILE    STARTING    MOTORS    WITH    ELECTRIC 
DYNAMOMETER 

test  to  the  dynamometer  should  be  of  the  flexible  type 
and  so  constructed  that  the  driving  and  driven  shafts 
can  be  aligned  quickly  and  accurately. 

The  question  has  arisen  as  to  whether  it  is  correct 
to  regard  the  ball  bearings  in  the  pedestals  DD,  (Fig. 
i),   as     knife   edges    whose     friction    is   negligible,    or 


FIG-   3 — F«ONT   VIEW    EQUIPMENT   SHOWN    IN    FIG.    2 

Showing  simplified  arrangement  of  meters,  scales  and 
rheostats. 

whether  some  inaccuracy  is  introduced  owing  to 
the  friction  of  rest  at  the  point  of  contact  of  the  ball 
race  with  the  balls.  When  the  balls  are  clean  and 
true,      and     the      field      frame      perfectly      balanced. 


should  stand  at  rest,  no  matter  what  the  position  of  the 
arms.  The  problem  of  balance  is  rendered  rather  dif- 
ficult on  account  of  the  pull  or  thrust  of  the  leads  from 
the  generator  to  the  load,  and  to  the  field  circuit  from 
the  source  of  separate  supply.  A  satisfactory  method 
of  overcoming  this  trouble  is  by  the  use  of  mercury 
wells  or  reservoirs  for  the  connections  between  the  gen- 
erator and  outside  circuits,  Z  Fig.  i.  The  armature  and 
field  leads  are  connected  to  discs  or  straps  which  turn 
in  these  mercury  wells  slightly  as  the  field  tends  to 
rotate,  the  wells  being  connected  to  the  load  and  to  the 
field  supply  circuit. 

Figs.  2  and  3  show  views  of  an  electric  dyna- 
mometer and  switchboard  adapted  for  commercial  tests 
of  automobile  starting  motors.  The  main  features  of 
this  design  are  the  fixtures,  both  mechanical  and  elec- 


EIG.   4 — AN    ELECTRIC   DYNAMOMEIER 

Used   for  experimental  testing  of  automobile  starting  motors. 

trical,  for  enabling  a  large  output  to  be  handled  quickly 
and  accurately.  The  F-block  clamping  device  holds 
either  cylindrical  or  rectangular  frames  in  position  for 
coupling  to  the  dynamometer.  A  cam  locking  device  op- 
erated by  lever  L,  Fig.  2,  quickly  and  eft'ectually  tightens 
the  strap  6"  against  the  frame  of  the  motor. 

The  switchboard  is  equipped  with  vertical  meters, 
one  of  which  registers  the  speed  directly  in  r.p.m.  This 
instrtmient  is  a  voltmeter  measuring  the  potential  of  a 
magneto  M  connected  to  the  shaft  of  the  dynamometer 
through  bakelite  gears.  A  very  small  magneto  giving 
but  a  fraction  of  a  volt  is  used  in  order  that  very  little 
torque  will  be  lost.  If  desired,  the  loss  in  this  device 
can  readily  be  determined  by  separately  driving  the  dy- 
namometer from  a  small  direct-current  motor,  meas- 
uring the  power  required  first,  with  magneto  attached; 
second,  with  magneto  and  gear  system  removed,  the 
difference  being  the  power  required  to  drive  the  device. 
Tests  made  on  the  one  shown  in  Figs.  2  and  3  indicate 
a  loss  of  from  0.15  to  0.20  oz.-ft.  over  the  range  of 
speed    ordinarily    used.  As    the    corresponding    torque 
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readings  for  the  motors  tested  range  from  0.5  to  3  lbs. 
ft.  at  full  load,  the  speed  indicator  loss  can  be  disre- 
garded in  commercial  tests. 

For  reading  locked  torque  values,  some  means 
must  be  employed  for  connecting  the  armature  and  field 
frame  of  the  dynamometer  rigidly  together  mechani- 
c;illv.  The    construction  must  be    such  that  no   time  is 
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KIG.    5 — TYPICAL    SI'EED-TORQUi;    CfKVE   OF   \    FOUR    I'OLi;, 
SINC.LE-PH.\SE   INDUCTION    MOTOR 

From  A  to  B  the  dynamometer  acts  as  a  generator  and  from 
5  to  C  as  a  motor. 

wasted  when  making  this  connection.  In  the  design 
shown  in  Figs.  2  and  3,  a  steel  pin  is  inserted  between 
two  lugs  on  the  frame  of  the  dynamometer  and  dropped 
into  a  hole  in  the  armature  shaft.  With  the  dyna- 
mometer and  fixtures  shown,  tliree  men  can  test  sixty 
automobile  starting  motors  per  hour  for  ten  hours  con- 
tinuously, taking  a  locked  torque  reading  on  each  motor 
as  well  as  a  reading  of  speed  and  current  at  normal 
voltage  and  torque.  A  dynamometer  used  for  experi- 
mental tests  of  automobile  motors  is  shown  in  Fig.  .j. 
The  raising  and  lowering  table  together  with  clamping 
devices  for  different  sizes  are  clearly  shown. 

All  electric  dynamometers  can  be  arranged  for 
either  direction  of  rotation.  The  customary  plan  is  to 
u.se  two  arms,  set  180  degrees  apart.  If  desired  a 
counterweight  can  be  used  instead  of  one  aiTn,  inter- 
changing arm  and  weight  for  reverse  rotation. 

For  detennining  the  loss  due  to  air  friction,  the 
following  mediod  is  used : — Direct  connect  a  small  van- 
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FIG.   6 — TYPIC.\L   SPEED-TORQUE  CUR\'E  OF  A   FOUR   POLE,   I>0LY1'H.\SE 
INDUCTION    MOTOR 

From  ^  to  5  the  dynamometer  acts  as  a  generator  and  from 
5  to  C  as  a  motor. 

able  speed  direct-current  motor  to  the  dynamometer, 
making  sure  that  perfect  alignment  exists.  With  con- 
stant field  excitation  of  the  driving  motor,  operate  the 
dynamometer  with  fields  uncharged  and  brushes  raised, 
over  the  entire  speed  range  by  vaiying  the  armature 
voltage  of  the  driving  motor.  Take  simultaneous  read- 
ings of  the  torque  registered  on  the  scales  by  the  dyna- 
mometer  arm,  the  speed  and   the  input   to  the   driving 
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motor.  These  input  readings  will  include  the  losses  of 
the  driving  motor  itself  as  well  as  the  f  rictional  losses  of 
the  dynamometer,  including  air  but  not  brush  friction, 
since  the  brushes  are  raised.  By  subtracting  from  these 
readings  the  losses  of  the  driving  motor  running  free 
with  the  same  voltage  and  field  strength,  tlie  power 
transmitted  through  the  coupling  can  readily  be  found. 

The  torcjue  indicated  on  the  scales  during  the 
above  test  will  be  a  measure  of  the  bearing  friction, 
but  will  not  include  the  air  friction  except  possibly  a 
small  portion  due  to  reactions  set  up  by  air  currents 
impinging  on  the  pole  faces  and  other  parts  free  to 
turn  on  the  knife  edges.  If  from  the  motor  output  read- 
ings, computed  electrically  from  the  losses  as  described 
in  the  preceding  paragraph,  the  apparent  output  read- 
ings be  subtracted  as  computed  from  the  speed  and  the 
torque  registered  on  the  scales  during  die  same  test,  the 
difference  will  represent  the  unmeasured  air  friction. 

Heretofore 
elaborate  meth- 
ods -  have  been 
used  to  obtain 
test  readings 
when  tlie  tor- 
que is  decreas- 
ing as  the  i^peed 
decreases.  Such 
methods  involve 
reading  a  num- 
ber of  instru- 
ments from 
which  the  tor- 
que can  be  cal- 
culated. These 
are  laborious,  and  liable  to  errors  in  observation 
and  instrument  calibration.  Another  disadvantage  is 
that  tlie  torque  cannot  be  determined  until  after  a  com- 
plete set  of  readings  has  been  taken  and  a  calculation 
performed.  In  some  cases  holding  the  motor  under  test 
at  a  given  load  a  sufficient  length  of  time  to  record 
readings  of  all  the  instruments,  will  introduce  another 
error  due  to  the  heating  effect.  With  the  electric  dyna- 
mometer, readings  of  torque  and  speed  can  be  made 
quickly  and,  furthermore,  readings  need  only  be  taken 
at  the  interesting  points  on  the  speed-torque  character- 
istic. This  is,  the  operator  runs  over  in  a  preliminar}* 
way  that  portion  of  the  speed-torque  characteristic  to  be 
investigated,  and,  without  recording  any  readings,  notes 
the  peculiar  or  interesting  points,  if  any,  and  then  re- 
turns to  these  points  and  takes  a  series  of  readings. 
Thus  he  is  able  to  bunch  the  readings  at  the  important 
points  without  taking  readings  close  together  over  the 
entire  range.  The  curves  shown  in  Figs.  5,  6,  7  and  8 
were  plotted  from  data  obtained  by  an  electric  dyna- 
mometer. 

Owing  to  mechanical  difficulties,  ordinary  prony 
brakes  cannot  be  used  to  advantage  for  apparatus  op- 
erating at  speeds  in  excess  of  2000  r.p.m.,  and  at  this 
speed  50  horse-power  is  about  the  maximum  that  can 
be  absorbed  using  a  six  inch  wheel.  Wheels  of  greater 
diameter   and  larger  capacity  must  operate   at  reduced 


FIG.    7^S PEED-TORQUE     CURVE     OF     ONE     FORM 

OF   TWO    POI.E,    SPLIT-PHASE    INDUCTION 

MOTOR 

Obtained   by   means    of   the    dynamometer 
without  heating  the  motor  to  such  an 
extent  that  the  readings  were  affected. 
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^l.eecl.  Maii\-  niudern  prime  movers  of  large  capacity, 
;ind  some  motors,  operate  at  speeds  considerably  above 
jooo  r.  p.  m.  There  are  also  many  machines  which  op- 
erate between  1200  and  1800  r.jxm.  For  these  speeds, 
it  is  not  feasible  to  use  prony  brakes  in  sizes  above  100 
horse-power,  owing  to  the  small  radiating  surfaces  ob- 
tainable with  safe  rim    speeds.*  The   electric   dynamo- 
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V\G.    8 — SI'liED-TORQUE   CURVE  OF  ONE   EORM    OF    FOLK    rOlj;, 
SINGLE-PHASE    INDUCTION    MOTOR 

Fruni  A  to  B  and  C  to  D  the  dynamometer  acts  as  a 
generator  and  from  B  to  C  and  D  to  £  as  a  motor.  Tlie 
pull-out  for  a  subsynchronous  speed  occurs  at  (('.  The  zero- 
torque  speed  just  above  IV  is  approximately  600  r.p.m.  which 
indicates  a  third  harmonic.  At  Y  the  regular  motor  pull-out 
occurs  and  at  Z  pull-out  as  a  generator.  Three  points  above 
Z  were  taken  to  show  that  even  at  such  unstable  points  equilib- 
rium can  be  established  by  the  electric  dynamometer. 

meter,  however,  is  a  superior  device  for  this  class  of 
machines  and  there  is  no  reason  why  it  cannot  be  con- 
structed in  any  capacity  for  speeds  up  to  3600  r.p.m., 
or  even  higher. 

An  interesting  dynamometer  for  high  speed  appar- 
atus has  been  designed,  using  a  combination  of  an  in- 
duction-type generator  and  synchronous  converter  to 
furnish  the  load.  The  general  mechanical  arrangement 
and  scheme  of  electrical  connections  are  shown  in  Fig.  9. 
The  revolving  element  of  the  dynamometer  is  of  the 
squirrel  cage  type  which  lends  itself  to  high  speed  de- 
sign. The  stationary  windings  are  of  the  standard  in- 
duction motor  type  and  can  be  connected  for  either  two 
or  four  poles.  For  speeds  from  1500  to  2000  r.p.m.,  the 
four  pole  connection  is  used;  between  2000  and  3600 
r.p.m.,  the  two  pole  grouping  is  employed. 

The  .synchronous  converter,  designed  to  operate 
between  33  and  66  cycles,  is  loaded  on  grid  resistance 
and  furnishes  the  excitation  for  the  generator.  The 
converter  is  .started  from  the  direct-current  end  and  is 
connected  directly  to  the  dynamometer  power  leads 
when  the  proper  speed  is  reached.  The  direct-current 
power  is  then  cut  off  and  the  converter  operates  alter- 
nating to  direct-current  in  the  usual  manner.  An  over- 
speed  device  must  be  used  to  jirevent  any  tendency  to 
run  away,  due  to  the  heavy  inductive  load  on  the  con- 
verter at  the  moment  of  changing  oxer  to  the  dyna- 
mometer. Load  adjustment  is  secured  by  varying  the 
current  in  the  fields  of  the  con\erler. 

If  the  electrical  output  of  the  dynamometer  gener- 
ator is  measured  simultaneously  \vith  the  speed  and  the 


torque  its  efticiency  can  be  derived  from  a  conr- 
parison  of  these  output  and  input  readings,  since 
the  torque  registered  on  the  scales  (except  for  the  small 
amount  lost  in  air  friction,  for  which  a  correction  can  be 
made)  is  that  delivered  to  the  generator  shaft  at  the 
cou]iling.  The  standard  way  of  determining  generator 
efficiencies  is  by  the  separate  loss  method.  With  this 
method,  the  losses  are  computed  from  measurements 
taken  at  no  load  and  added  to  the  otitput  to  derive  the 
input.  It  is  well  known  that  certain  of  the  losses  occur- 
ring" in  rotating  electric  machines  can  be  accurately  de- 
termined from  no  load  measurements.  Some  of  the 
losses,  however,  cannot  be  .so  determined  as,  owing  to 
conditions  which  develop  as  load  is  applied,  a  gradual 
increase  in  the  los.ses  takes  place.  The  difference  be- 
tween the  total  losses  under  load  and  the  sum  of  the 
separate  losses  as  determined  from  no  load  measure- 
ments is  known  as  "load  loss"  or  "stray  loss". 

Theoretical  efficiencies  computed  from  separate 
losses  xvithout  correction  for  load  loss  are  always  some- 
what higher  than  those  actually  obtained  in  practice. 
Therefore,  it  has  been  proposed  to  establish  load  loss 
correction  factors  for  different  types  and  sizes  of  gen- 
erators based  on  laboratory  tests,  and  to  use  these  cor- 
rection factors  in  connection  with  no  load  losses  for  de- 
termining true  efficiency.**  The  methods  previously  used 
for  determining  the  values  of  these  constants  are 
laborious  and  not  entirely  convincing.  The  electric  dy- 
namometer method,  however,  is  ideal  for  this  purpose. 
If  it  were  not  for  mechanical  difficulties  due  to  the 
varying  dimensions  and  shapes  of  different  designs,  this 
method  would  be  extensively  used  for  generator  ef- 
ficiency determination.  For  the  determination  of  load 
loss  correction  factors  for  a  given  type  or  line  of  ma- 
chines the  electric  dynamometer  will  probabl}'  be  ex- 
tensively used  in  the  future. 


*For  such  applications,  the  water  brake  described  in  the 
Journal  for  February  1910,  p.  120,  has  been  extensively  used 
and  is  reasonably  satisfactory. 


FIG.    0 — GENERAL     ARRANGEMENT     OF     AN     ELECTRIC     DV  X  AM0^n•■.TER 

For  high-speed  apparatus. 
With  the  .separate  loss  method,  empirical  brush 
drop  \'alues  are  used  for  calculating  brush  losses.  In 
the  case  of  low  voltage  generators,  such  as  lighting- 
units  for  automobiles,  the  brush  losses  are  relatively 
\ery  high  as  compared  with  the  core,  copper  and  fric- 
lional  losses.  Therefore,  if  the  actual  brush  drop 
deviates  ■  appreciably  from  the  empirical  values  used, 
large  errors  may  result.  The  electric  dynamometer 
method,  which  indicates  efficiency  directly,  eliminates  all 
chance  for  such  errors  and  is  to  be  preferred  for  this 
type  of  machine. 

**See  I'roc.  A.I.E.E.  Vol.  XXXII,  p.  523. 


H.  S.  Smith 

AN  EXPLANATION  of  the  operation  of  the  polyphase  induction  motor  is  based  on  an  understand- 
ing of  the  wa)-  a  field  of  magnetic  flux  is  made  to  travel  around  the  stator.  A  simple  description  and 
graphical  representation  of  this  field  is  given  in  the  following  article. 


THE    constant    torque    of    a    polyphase    induction 
motor  is  due  to  its  uniformly  rotating  magnetic 
field.     To  discuss  the  production  and  character- 
istics of  this  field  it  is  necessary  to  assume  a  polyphase 
system  to  which  the  induction  motor  is  to  be  connected 
— say  three  phase.     The  vector  diagram  Fig.  i   repre- 
sents the  fact  that  the  three 
voltages,  and  also  the  three 
line  currents,  if  the  system 
is  balanced,   are    120  elec- 
trical degrees  apart.  If  the 
length  of  the  line   OA  re- 
presents  the  magnitude  of 
the    maximum   current    in 
one    phase    lead,    then    the 

FIG.      1— ELEMENTARY       THREE-     HnC     Aq,    which     is     OA      X 

PHASE.  DIAGRAM  gj^  g^  represents  the  instan- 

taneous value  of  the  current  in  this  lead.  It 
is  assumed  that  the  currents  in  this  case  are 
harmonically  varying  quantities.  In  Fig.  2  is  shown 
a  set  of  three  curves,  in  which  the  ordinates  represent 
the  current  values  in  the  three  phase  wires,  and  the 
abscissae  the  electrical  degrees  through  which  the  line 
currents  have  rotated. 

The  three-phase  primary  winding  of  the  motor 
which  is  to  be  connected  to  this  system  is  represented 
in  Fig.  3.  This  shows  simply  the  phase  groups,  marked 
A,  B  and  C,  and  the  conductors  or  coils.  It  represents 
a  winding  with  one  conductor  per  coil,  two  coils  per 
slot,  and  four  coils  per  phase  per  pole.  For  the  present 
it  may  have  any  number  of  poles.  The  conductors  are 
represented  by  small  circles,  and  the  direction  of  the 
current  in  the  wire  is  indicated  by  a  cross,  which  indi- 
cates current  flowing  from  the  reader,  and  a  dot  which 
shows  current  flowing  toward  the  reader.  The  latter 
will  be  adopted  as  the  positive  direction  of  flow.  The 
motor  in  question  may  be  connected  in  either  star  or 
delta  as  shown  in  Fig.  4. 

Assume  in  Fig.  4,  the  positive  direction  of  flow  as 
being  from  the  neutral  outward  in  the  star,  or  clockwise 
about  the  delta.  If  the  currents  in  the  star,  or  the 
delta,  are  pictured  as  all  flowing  at  this  instant  in  the 
positive  direction,  and  the  coils  are  properly  connected 
for  three  phase,  the  current  relation  in  all  the  con- 
ductors will  be  as  shown  by  the  dots  and  crosses  in  Fig. 
3.  This  particular  current  condition  could  not  actually 
exist  in  the  windings,  because  the  currents  are  never 
all  maximum  and  positive  at  the  same  time.  However, 
the  idea  of  this  assumption  may  be  used  to  check  the 
correctness  of  a  diagram  of  connections.  Fig.  3  shows 
the  current  flowing  in  opposite  directions  in  any  two 
adjacent    groups.     This    is   necessary   if   the   coils   are 


correctly  connected  for  three  phase.  The  group  labeled 
— A  is  indicated  as  having  its  current  opposite  from 
that  in  group  A,  because  these  two  groups  are  one  pole 
pitch  or  180  electrical  degrees  apart  as  to  phase,  and 
they  represent  both  sides  of  the  same  coils. 

It  makes  no  diff'erence  what  sort  of  winding  is 
employed,  whether  it  be  a  diamond  lap,  a  wave,  a  chain 
or  a  concentric  winding — consequent  poles  or  other- 
wise; the  field  form  produced  will  be  the  same  so  long 
as  the  coils  per  group  and  chording  are  the  same  in  each 
case.* 

In  Fig.  2,  points  are  designated  on  the  curves  at  15 
degree  intervals,  from  30  to  90  degrees  inclusive.  Each 
of  these  vertical  dotted  lines  is  associated  with  a  corres- 
ponding step  in  Fig.  5.  Take  the  locus  marked  30 
degrees  in  Fig.  2.  If  it  is  assumed  that  the  maximum 
magnetizing  current  per  conductor  is  one  ampere,  thcH 
the  instantaneous  current  in  phase  group  A  is  0.5 
ampere,  in  phase  group  5  it  is  —  i.o  ampere,  and  in 
phase  group  C  it  is  0.5  ampere.  Taking  these  values 
and  plotting  a  field  of  magnetomotive  force,  a  result  is 
obtained  such  as  that  at  the  top  in  Fig.  5.  A  study  of 
the  remainder  of  this  series  of  waves  shows  that  the 
other  four  were  derived  exactly  like  the  first  one.  Each 
picture    represents    a   later   development    of    the    wave 
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FIG.    2 — THREE-PHASE    HARMONIC   DIAGRAM 

above  it,  and  in  each  case  the  wave  moves  to  the  right 
until  in  60  degrees  time  it  has  traveled  through  the  pitch 
of  one  group.  Since  the  reluctance  of  the  air-gap  in  a 
machine  is  comparatively  uniform,  the  wave  of  mag- 
netic flux  will  resemble  the  m.in.f.  wave.** 

♦Information  regarding  the  windings  and  connections  of 
polyphase  motors  appears  frequently  in  the  Journal  and  in 
text  books.  In  view  of  this,  the  winding  shown  in  Fig.  4  has 
no  connections  shown.  It  will  be  assumed  that  the  arrange- 
ment is  correct  for  a  three-phase  winding. 

**Any  departure  of  the  magnetizing  current  from  the  ft^rm 
of  a  harmonic,  due  to  saturation  in  the  iron,  is  made  negligible 
by  the  fact  that  75  to  90  percent  of  the  ampere-turns  is  ab- 
sorbed by  the  air-gap,  which  does  not  saturate. 
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Fig.  6  is  a  simplified  representation  of  the  same 
conditions,  as  produced  by  a  two-phase  winding.  If 
the  number  of  coils  per  group  is  great,  the  sections  of 
the  wave  approximate  straight  lines  instead  of  steps. 
In  this  case  it  required  a  movement  through  90  elec- 
trical  degrees   before    the   flux   wave   took   on   all   its 


z;^ 


© 

Showing 


FIG.   3— SECTION    OF    MOTOR    WINDINGS 

possible  forms  and  moved  across  one  group  pitch.  Note 
the  peculiar  humping  action  by  which  the  field  form 
moves.  This  same  condition  exists  in  the  movement 
of  the  three-phase  form,  though  not  so  pronounced. 

In  practice  these  waves  are  smoothed  somewhat 
by  chording  the  winding,  but  under  any  condition  of 
chording,  the  three-phase  wave  is  smoother  in  action 
than  is  the  two-phase.  The  plotted  field  forms  show 
comers  and  bumps  that  do  not  actually  exist  in  a 
machine,  due  to  several  factors  such  as: — chording, 
fringing  of  the  flux  from  the  tooth  tips,  saturation  in 
the  teeth,  and  the  damping  action  of  circulating  cur- 
rents. The  squirrel-cage  secondary  is  most  effective  in 
smoothing  out  any  irregularities  that  may  tend  to  occur 
in  the  magnetic  wave,  and  currents  of  higher  frequency. 
The  last  named  factor  is  perhaps  the  most  effective. 
When  the  rotor  circuit  is  open,  the  field  form  resembles 
the  irregular  form  pictured,  but  when  the  secondary 
circuit  is  closed  the  peaks  of  the  magnetic  flux  set  up 
unbalanced  e.m.f.'s  of  higher  frequency  than  the  main 
voltage,  and  the  circulating  currents  which  result  have 
a  smoothing  or  balancing  action.  It  is  reasonable  to 
believe,  however,  that  the  smoothing  out  of  the  irregukir 
two-phase  wave,  represents  a  small  loss  in  energy.  .As 
a  matter  of  fact  the  magnetic  wave  would  approach 
closely  to  the  shape  of  a  sine  curve.  This  fact  i?  born 
out  in  that  such  an  assumption  has  been  the  basis  of 
successful  design  methods.  A  reader  should  now  bo 
able  to  visualize  the  traveling  magnetic  wave,  and 
simply  consider  the  action  as  if  alternate  north  and 
south  poles  in  the  forms  of  sine  waves  were  rotating 
around  the  air-gap. 

In  an  induction  motor  there  are  really  three  distinct 
magnetomotive  force  wave  components  rotating  at  the 
same  time  and  at  the  same  speed.  First,  the  magnetic 
field  which  is  produced  by  the  magnetizing  current,  and 
which  acts  to  produce  the  counter-electromotive  force 
in  the  primary ;  second,  there  is  the  magetomotive  force 
wave  produced  by  the  load  amperes  in  the  secondary 
winding;  and  third,  the  field  wave  of  m.m.f.  produced 
by  the  primary  load  or  working  current.  The  latter 
two  are  opposite  in  phase  rotation,  and  directly  oppose 
each  other,  so  that  no  magnetic  flux  results  except  leak- 
age. These  opposing  fields  are  nearly  90  electrical 
degrees  out  of  phase  with  the  field  of  magnetic  flux. 


and  need  not  be  considei"ed,  since  they  demand  no  space 
in  the  iron  material  of  tho  motor. 

RECONNECTING  THE  PRIMARY   WINDING  TO   SUIT 

DIFFERENT  LINE  VOLTAGES  DOES  NOT  CHANGE 

THE   CHARACTERISTICS 

The  only  medium  of  connection  between  the  stator 
or  primary  and  the  rotor  is  the  traveling  magnetic  field. 
It  is  a  recognized  law  in  the  design  of  motors,  that  the 
iron  and  copper  material  in  the  machine  must  be  worked 
at  certain  given  densities,  or  as  nearly  so  as  possible,  in 
order  to  produce  an  economical  and  well  balanced  de- 
sign. This  means  that  for  any  and  all  ratings,  the 
material  must  be  worked  at  those  densities  which  will 
allow  the  temperature  rise  in  the  machine  to  approach 
vet  not  exceed  the  guaranteed  rise,  and  at  the  same 
time  will  so  distribute  the  losses  between  those  which 
are  constant  and  those  which  are  variable  that  the 
highest  elifciency  may  be  obtained  at  the  right  load.  If 
a  given  20  hp,  220  volt,  6  pole  machine  can  have  its 
primary  so  reconnected  that  when  operating  on  440 
volts,  the  magnetic  density  in  the  iron  core  and  teeth  is 
the  same  as  at  220  volts;  then,  and  only  then,  will  the 
machine  operate  successfully  at  440  volts,  20  hp. 
Therefore,  if  the  primary  field  strength  is  not  materially 

effected  in  making 
I  a  reconnection  for 

li  r^  another  vo  1 1  a  g  e, 

then  t  he  locked 
secondary  voltage 
and  full-load  sec- 
ondary ampe  res 
will  not  change.  In 
other  words,  it 
might  be  said  that 
the  rotor  is  not  influenced  by  what  has  been  done  to  the 
lirimary,  because  the  same  field  exists. 

COMPARISON  OF  TWO  AND  THREE-PHASE  MOTORS 
OF  THE  SAME  RATING 

If,  as  in  Fig.  3,  there  are  four  coils  in  series  per 
group,  and  these  are  considered  as  being  cut  by  a  mov- 
ing sine  wave  of  magnetic  flux;  the  maximum  e.m.f.'s 
generated  in  the  four  coils  will  occur  at  four  different 
instants.  That  is,  the  small  harmonic  voltage  that 
would  be  generated  in  each  of  these  coils  is  slightly  out 
of  phase  with  those  in  the  other  three.  The  maximum 
of  the  voltage  produced  by  these  coils  being  in  series 
will  be  equal  to  the  geometric  or  vector  sum  of  these 
separate  values,  and  will  be  less  than  four  times  the 
maximum  voltage  of  one  coil.  This  is  illustrated  in 
Fig.  7.  If  a  two-phase  motor  has  the  same  number  of 
slots  as  the  example  just  mentioned,  there  will  be  six 
coils  per  phase  per  pole,  and  the  ratio  of  the  voltage 
produced  in  the  group  to  six  times  the  voltage  produced 
in  one  coil,  is  represented  by  the  chord  o — 6  to  the  arc 
0 — 6  in  Fig.  7.  Therefore  it  will  be  seen  that  the  more 
coils  there  are  in  series  per  group,  the  total  coils  in  the 
machine  remaining  the  same,  the  more  voltage  will  be 


FIG.    4 — STAR    AND    DELTA     MOTi:>R 
CONNECTIONS 
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lost  by  this  out  of  phase  effect.  Thus  what  is  called  tlie 
"distribution  factor"  must  be  considered.  This  factor 
represents  the  ratio : — ■ 

I'ecior  sum  of  e.  di./.'s  per  group 
E.  m.  /.  of  one  coil  X  No.  coils  per  group 
The  value  of  this  factor  for  two  phase  is  0.9  and 
for  three  phase   it  is  0.955.     The  result  obtained  by 
diminishing  this  distribution  factor  of  the  winding  is 

exactly    the    same 
,lS-,,_5_^S_^5_  ,::£-,  ^£_        as   when  the  coils 

Currenl  Values     a  a  a  a  c  e  c  etc  c  ce  a  a  a  a  e  e  cc  c  ce  e  J     J  '4.1 

aaaaecee^E7T33aae?e""c.         are  chordcd,   with 

a[  30  Instani  I  ^ 

a  loAmporc         ^j-TKt_^^^  ;]■)£  exccption  that 

'"*"""'      ,r       \    ^,   in   the   latter   case 

;  ^-i.,_,j-^  the    amount     o  f 

-B     Ai-c   j_^,J_  copper    in     the 

curremvaiues  rTrb^d^fm bt?E dsTdf f f f  wiudiug   IS   diniin- 

d    0707  Ampere  J-,    "^  _ 

b  0 966  Ampe.e     ^     \       ^ mg  IS  chordcd  and 

'''■"*"'"' JF       I           \^^  then  an  extra  turn 

I  or  so  added  to  the 

,:S__i_L£_^^-^  coil    in    order    to 

Current  Values    cccccccc,  cccccccc  .1/3  „„.. 

a,60°lnstant       ecccccccj  fcjcjccc  kCCp     the     IlUX     per 

C-0866  Ampere  r'l  '"L  jiolc        tllC  S  a  m  C, 

■J    — 1 ^=r  there     is    an     in- 

-T  I  T crease  in  copper  in 

i  the  addition  of  the 

-B  A     ]    -C  B^     -A  C^  <        .        ^U 

r:f^r;;t"Ki7fr;?3i3Scc^?T77        turn,    but    there 

Current  Values     ddddbbbb|f(ffdd3dbbbbfMt  ^  ' 

a.7s°iosum     ddddbbbbjfinddddfb-b-bTfiT        j^^^^.   -^^    consider- 

b-0.966  Ampere  ^f^"^      1-,  ,   *  j  • 

r'l  h_^  able    decrease     \\\ 

f-0,259  Ampere  r^  j  ^T  thC   aUlOUnt  Of  COp" 

-T  I  ^^^        per  in  the  coil  end 

-B     A  ;-C    B    -A    C  outside    the     iron. 

Current  Values    'HVjaaa.inTeeeeeajaaeeee  HOWeVCr,       IH       thC 

a'T°o'r,!X'      eeeeaaaaje^^e^ee^aaaeeee  ^^^^        ^^      cHangiug 

e  0  5  Ampere  r*;  H    froui  thrce  to   two 

_r^    \  ^-u^_^       phase   and   adding 

a    turn    or    so  to 

FIG.    5— STAGES    IN    THE   ADVANXEMENT   OF  f  fl  ~ 

THE  MAGNETIC  FLUX  WAVE  IN  A  make    up   lor   uie 

THREE-PHASE  MOTOR  decrease  in  the  dis- 

tribution fcictor,  there  will  be  simply  an  addition  of  cop- 
per, if  tire  turns  are  of  the  same  size  wire  as  before. 

Take  for  example  a  lo  hp,  three-phase,  550  \olt 
motor  of  a  given  speed.  Without  changing  the  numl)er 
of  turns  per  coil,  this  machine  could  be  reconnected  for 
operation  on  448  volts,  two  phase,  and  in  both  cases  the 
flux  density  in  the  iron  circuit  would  be  the  same.  If 
the  change  in  the  diagram  of  connections  is  considered 
as  being  from  series  star  for  three  phase  to  series  two 
phase,  tlie  two  phase  voltage  which  would  be  produced 
by  the  same  field  density  may  be  determined  as  follows : 

T^^^/   l~t    ,,-.        ,     o.. 


The  denominator  VS  reduces  the  voltage  to  that 
across  one  phase  of  the  star.  There  ai^e  3-^2  times  as 
many  turns  in  series  per  phase  in  the  two  phase  as  in 
the  three  phase,  and  the  ratio  0.9  to  0.955  takes  care  of 
the  change  in  distribution  factor.  For  the  same  horse- 
power input,  the  power-factor  will  be  the  same  in  both 


cases,  since  the  field  values  are  the  same,  and  therefore 
the  ratios  of  the  watts  input  and  the  volt-amperes  ab- 
sorbed by  the  fields  are  the  same.  Assume  that  both 
machines  are  to  operate  at  10  hp  output  with  90  percent 
etliciency  and  90  percent  power- factor.  The  current 
per  terminal  and  per  conductor  in  the  three-phase 
machine  must  be, — 
7460 


-  =  9.6rt  A  tit  Peres 

1  3     XjjoXo.^Xo.g 

The  current  per  terminal  and  conductor  for  the 
two  i>hase  machine  will  be, — 

/460 
— r} j-TT r} =  /o.jS  Attifieres 

2  X  /^^  X  0.9  X  o.c/  ' 

Thus,  it  should  be  noticed  that  the  two-phase 
machine  is  operating  at  6.3  percent  greater  current 
density  in  the  primar}'  copper,  and  this  means  that  it 
will  have  at  least  13  percent  more  primary  copper  loss, 
and  will  run  warmer  than  the  three-phase  machine. 
The  efficiency  too  will  be  slightly  poorer. 

Second,  assume  tliat  the  power  current  or  working 
current  is  9.66  amperes  in  both  the  motors.  This  works 
the  copper  at  the  same  density  in  both  machines.  The 
necessary  two-phase  voltage  would  be,— - 

— T, TTTT C^ =    17^    '  oils 

.'  X  9.66  X  0.9  X  0.9       " 

This  is  provided  the  power- factor  is  assumed  to 
be  the  same  as  in  the  three  phase  for  convenience. 
Since  476  is  about  six  percent  greater  than  448  volts, 
the  field  strength  must  be  six  percent  greater  than  for 
550  volts,  three  phase.  With  this 
.second  condition,  the  two-phase  ma- 
chine, if  ithas  a  three-phase  second- 
ary will  have  about  12.5  percent  less 
secondary  copper  loss  due  to  a 
greater  locked  voltage ;  but  counter- 
balancing this  comes  the  increased 
iron  loss  which  may  increase  as 
the  sqiiare  of  the  increase  in  den- 
sity, and  the  increased  current  in 
the  primary  due  to  the  magnetizing 
current  increasing  at  least  as  the 
square  of  the  increase  in  field 
strength.  Thus  the  power-factor 
will  be  jioorer  and  the  current  per 
terminal  would  be  more  than  9.66 
amjieres. 

From  the  above  comparisons, 
it  may  be  seen  that  the  three  phase 
I'll..   6  —  MAG  NETic  machine  uses  the  material  with  less 
FLUX  WAVE  OF  A  ^    heating,    and    therefore 

TWD-THASE    MOTOR         '"^^      ^  "'  . 

with  slightly  better  efficiency. 

W  IIV  A  TWO-PHASE  WOUND  ROTOR   MOTOR  HAS  A 
THREE-PHASE  SECONDARY 

From  the  manufacturing  point  of  view  there  are 
two  good  reasons  why  three-phase  rotors  are  used  ex- 
clusively for  wound-rotor  machines,  and  both  of  these 
hinge  on  the  fact  tliat  this  winding  represents  the  most 
economical  use  of  material,  as  well  as  simplicity  in  de- 
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sign.  For  instance,  the  same  rotating  part  may  be  used 
for  I  lo,  220,  440  and  550  volt,  three-phase  motors ;  and 
in  the  220  and  440  volt,  two-phase  motors,  all  otjier 
points  of  rating  being  the  same.  The  number  of 
collector  rings  on  the  rotor  is  also  an  important  argu- 
ment for  three  phase  as  compared  with  two  phase.  The 
collector  for  a  two-phase  rotor  must  be  built  with  one 
of  three  undesirable  features.  It  must  have  four  rings, 
or  two  small  rings  and  one  larger  one,  or  lastly^  it  must 
use  three  duplicate  rings  of  which  two  would  be  work- 
ing below  their  current  capacjty.  Again,  a  three-phase 
winding  uses  the  material  in  the 
motor  with  better  efficiency  and 
less  heating.  This  is  illustrated  as 
follows :  Consider  the  case,  already 
mentioned,  where  a  three-phase 
winding  when  connected  in  series 
star  and  acted  upon  by  a  revolving 
field  of  given  strength,  produces 
550  volts  between  its  terminals.  If 
this  same  winding  be  reconnected 
to  .series  two  phase,  and  cut  by  this  same 
rotating  field,  its  terminals  voltage  will  be  448. 
In  both  cases  the  windings  employ  the  same  core,  same 
amount  of  copper  per  slot,  and  in  each  case  the  current 
]ier  terminal  flows  through  the  same  size  wire.  Assume 
these  two   connections  to  be   two   secondary   windings 


with  the  voltages  just  mentioned  as  the  locked  voltages 
between  rings.  By  the  aid  of  the  following  formula, 
the  full-load  secondary  amperes  per  ring  can  be  cal- 
culated. 

■;/6  X  ///>. 


F/ill  load  ampt-yrs  per  In  iiiiinil 


1   J  X  KX  U-s) 
7.-I6  X  Hp. 


for^  phase 


for  2  p/iase 


-  jx  ;■  X  {is)  ■'• 

If  the  motors  are  assumed  to  be  ten  horse-power 
and  the  full  load  slips  as  three  percent,  the  currents 
will  be, — 

7/60 


Xjjo  Xo.g^ 
//60 


—  S.07  aiiiperei foi  thrccphas 


auiperca  for  two  phase 


•IG.    7  —  VECTOR     ADDI- 
TION   OF    COIL    VOLT- 
.\GES 


-'  X  //.V  X  o.i)7 
The  figures  show  that  the  two  phase  secondary  has 
6.3  percent  more  current  and  therefore  13  percent  more 
copper  loss  in  the  secondary  winding. 

Mechanically,  the  reason  why  a  rotor  winding  can 
"be  three  phase,  two  phase,  or  any  number  of  phases 
independent  of  the  primary  connections,  is  that  the 
rotating  fields  of  magnetic  flux  and  magnetomotive 
force  may  be  the  same  in  form  and  speed  whether  they 
are  produced  by  two,  three,  or  six-phase  windings;  or 
whether  they  are  produced  by  salient  poles  revolved 
mechanically. 


Siactitvj/  cVaara<;i:orhfci<;-s  of  Motors  v/itn  Oifrofoui;  iVlotho-ls  o'<  ('ootrol 


H.  D.  James 


THIS  article  will  deal  with  the  analysis  of  starting' 
motors,  as  shown  by  tests  made  with  the  oscillograph. 


characteristics,    which   occur   in   various   types    of 


THE  USUAL  method  of  testing  motors  and  con- 
trollers has  been  to  use  an  ammeter  and  a  volt- 
meter. These  instruments  gave  good  average 
readings,  but  due  to  the  inertia  of  their  indicating  mem- 
ber, only  average  values  could  be  obtained.  However, 
the  improvement  in  the  oscillograph  and  its  general 
adaption  to  commercial  work  has  made  possible  the  de- 
termination of  many  factors,  which  are  not  shown  by  an 
ammeter.  In  some  cases  even  the  oscillograph  was  n.it 
rapid  enough  to  indicate  excessive  conditions  of  voltage 
and  a  spark-gap  has  been  used.  Considerable  practice 
is  recjuired  to  obtain  good  results  with  an  oscillograph 
and  experience  is  required  in  reading  these  results.  In- 
vestigations of  this  kind  have  proven  valuable  and  in 
many  cases,  mechanical  analyses  have  been  made,  ex- 
plaining in  detail  the  phenomena  observed  with  the  os- 
cillograph. 

DIRECT-CURRENT  SHUNT  MOTOR. 

The  simplest  form  of  motor  and  control,  as  well  as 
the  oldest,  is  the  direct-current  shunt  motor  with  a  con- 
troller which  short-circuits  the  armature  resistance 
during  acceleration.  When  this  combination  was  first 
used,   considerable  care  was  necessary  in  accelerating 


the  motor,  to  prevent  excessive  sparking  or  flashing. 
The  starter  was  operated  by  hand  and  had  a  consider- 
able number  of  steps.*  This  was  necessary  to  cut  down 
the  burning  on  the  different  steps  and  to  introduce  a 
considerable  time  element,  so  that  the  operator,  if  he 
were  careless,  would  not  short-circuit  the  starting  re- 
sistance too  rapidly.  Due  to  this  practice,  engineers  have 
become  accustomed  to  quite  a  number  of  starting  steps 
in  accelerating  these  motors.  They  have  based  their  cal- 
culations of  the  accelerating  current  peaks  on  Ohin's 
law  and  have  neglected  a  number  of  factors  which  enter 
into  this  problem.  The  use  of  circuit  breakers  or  over- 
load relays  without  a  time  element  attachment  has  also 
tended  toward  the  use  of  a  considerable  number  of 
starting  steps,  in  order  to  prevent  their  tripping  on  the 
overload  peaks  which  occur. 

The  introduction  of  the  magnetic  contactor  has 
provided  a  method  of  switching  electric  currents  of  con- 
siderable energy  without  the  rapid  destruction  of  the 
contact.  The  contactor  can  be  used  in  connection  with 
aittomatic    devices    for    short-circuiting    the    resistance 


*Such   a 

54.  I'it;^-  ^ 


starter   is 
and  3. 


shown   in   the   Joukxal   lor   Feb.    '17, 
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during  acceleration,  which  eHminate  the  personal  ele- 
ment and  prevent  careless  manipulation.  The  use  of  con- 
tactors for  automatic  acceleration  immediately  reduced 
the  number  of  starting  steps,  as  compared  with  the 
manually  operated  starter.  A  feeling  still  exists  that  sev- 
eral steps  are  needed  when  starting  even  small  motors. 
In  order  to  obtain  some  actual  information,  a  series  of 
tests  was  made  with  an  oscillograph  on  a  direct-cur- 
rent motor  accelerated  automatically  and  belted  to  a 
generator  of  about  double  the  motor  size.  A  record  was 
made  of  the  armature  current,  the  armature  voltage, 
and  the  field  current.  In  a  few  cases  a  prony  brake  was 
used  for  loading  the  motor  instead  of  belting  it  to  a 
generator.*  The  diagram  of  connections  is  given  in  Fig. 
I,  and  Figs.  2  to  10  show  results  of  some  of  the  tests. 
The  internal  resistance  given  in  the  captions  includes 
the  complete  resistance  of  the  controller  and  motor 
armature  circuit,  also  the  leads  between  the  motor  and 
controller.  It  was  measured  from  the  -\-  to  the  —  ter- 
minals of  the  controller  with  the  starting  resistance 
short  circuited.  In  addition,  there  was  some  resistance 


^-^  SenesFld.  ;o;l 
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SEQUENCE  OF  SWITCHES 
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Coil  No  3  Sw_  MrJno 


SCHEME  OF  MAIN  CONNECTIONS 
Qi,   Coil  No2S« 


Field  Rheosut 
FIG.    1— PI.\GR.\M    OF    CONNECTIONS    OF    AUTOMATIC    CONTROL 
EQUIPMENT 

Used  in  tests  to  analyze  the  starting  characteristics  of  motors, 
in  the  lead  wires  between  the  controller  and  the  source 
of  power  which  will  occur  in  any  installation. 

The  50  kw  direct-current  generator  belted  to  the 
motor  represents  more  inertia  tlian  usually  occurs  in 
practice.  Figs.  2  to  8  cover  a  period  of  about  two  sec- 
onds. Figs.  9  and  10  cover  a  period  of  about  four  sec- 
onds. 

SUMMARY   OF  TESTS** 

I — It  seems  unnecessary,  with  automatic  acceleration,  to 
use  more  than  one  switch  to  short-circuit  the  armature  re- 
sistor used  with  small  motors  except  where  special  require- 
ments are  to  be  met.  It  is  practicable  to  use  one  switch  with 
motors  as  large  as  15  hp  for  general  purposes  and  operate  this 
switch  by  counter  e.m.f.  setting  the  switch  to  close  at  75  per- 
cent of  normal  voltage. 

2 — If  the  motor  field  is  zero,  or  has  a  small  value  when 
the  line  switch  is  closed,  the  starting  torque  is  also  zero  or 
has  only  a  small  value  and  it  will  increase  gradually  so  that 
the  motor,  or  its  load,  will  not  be  subjected  to  a  heavy  shock 
or  jar  when  the  lost  motion  in  the  drive  is  taken  up. 

3 — ^The  shunt  field  of  small  adjustable  speed  motors  can 
be  reduced  in  one  step  under  normal  load  conditions  without 


*The  results  of  these  tests  appeared  in  the  Proc.  A.I.E.E. 


fear  of  undue  torque  or  current.  This  practice  can  be  safely 
followed  with  50  hp  motors  and  perhaps  larger.  This  covers 
the  usual  range  of  sizes  for  this  type  of  motor.  Most  machine 
tool  motors  are  started  light.  Under  this  condition,  the  motor 
can  be  started  successfully  with  minimum  field  strength  and 
the  field  relay  omitted.  This  will  enable  the  use  of  the  same 
controller  for  constant  speed  and  adjustable  speed  motors 
supplying  a  separately  mounted  field  rheostat  for  the  latter. 
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TIME  IN  SECONDS 


FIG 


STARTING   TESTS   OF   A   20    HP,    75O   R.P.M.    MOTOR    IlELTED    TO 
50    KW     GENERATOR    WITH    NO   LOAD    ON    THE   GENERATOR 

Resistance    1.35    ohms    starting    -|-    0.25    ohms    internal.     The 
starting   resistance   was   short-circuited   in   two   steps   at 
120  and  160  volts  counter  e.m.f. 

4 — Adjustable  speed  motors  can  use  one  step  of  resistance 
for  dynamic  braking  as  the  change  in  field  strength  tends  to 
maintain  the  braking  current  constant  over  a  considerable 
range  of  speed. 

5 — The  time  required  to  accelerate  to  95  percent  of  speed 
is  very  short.  In  these  tests  the  time  did  not  exceed  three 
seconds. 

During  the  discussion  of  these  tests,  it  was  pointed 
out  that  the  results  obtained  may  have  been  material]}' 
effected  by  a  drop  in  line  voltage.  It  was  admitted  that 
some  drop  in  line  voltage  would  probably  occur  in  most 
installations.  The  effect  that  the  use  of  a  small  number 
of  starting  steps  would  have  if  the  motor  and  con- 
troller were  located  close  to  the  power  house  was,  how- 
ever, questioned.  In  order  to  determine  this  point,  the 
writer  had  a  number  of  tests  made  with  the  motor  con- 
nected to  the  bus-bars  in  the  power  house;  an  oscillo- 
graph record  was  taken  of  the  armature  amperes,  arma- 
ture volts,  and  line  voltage.  The  tests  showed  that  there 


I  U-H^ 


^ 


Feb.  '17,  P-  233. 

**From  the  author's  A.I.E.E.  paper,  loc.  cit 


KIC    3-.STARTING   TESTS   OF  A   20   HP,   750   R.P.M.    MOTOR   BELTED   TO 
A  50  KW    GENERATOR,  WITH   NO  LOAD  ON  THE  GENERATOR 

Resistance  one  ohm  starting  -|-  0.25  ohm  internal.     The  start- 
ing resistance   was   short-circuited   m   one   step  at 
190  volts  counter  e.m.f. 

was  practically  no  change  in  the  line  voltage  during  ac- 
celeration and  that  tlie  current  peaks  obtained  were 
about  two-thirds  of  the  value,  as  usually  calculated, 
based  upon  Ohm's  law.  The  results  of  these  tests  are 
shown  in  Figs.  11  and  12. 
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111  calculating  the  starting  resistance  for  a  shunt 
motor,  the  steps  are  usually  arranged  in  geometric 
progression.  As  explained  in  the  Journal  for  August, 
'17,  p.  310,  this  method  is  based  on  the  assumption  that 
each  step  of  resistance  is  short  circuited  when  the  motor 
current  has  reached  a  uniform  minimum  value.  This 
value  is  that  necessary  to  overcome  the  torque  which 
the  motor  is  required  to  develop  during  the  accelerating 
period.  A  standard  15  hp,  230  volt,  825  r.p.m.  shunt 
motor  during  these  tests,  was  accelerated  under  full 
load  obtained  by  means  of  a  prony  brake.  The  minimum 
accelerating  current  to  overcome  this  torque  was  50 
amperes.  The  line  voltage  was  258  volts  and  the  re?is- 
tance  was  short-circuited  in  one  step.  Following  the 
usual  method  of  calculation,  and  assuming  two  equal 
current  peaks,  a  calculated  external  resistance  of  0.905, 
ohms  would  be  required  in  series  with  the  motor  avi^'a- 
ture.  This  would  give  two  equal  peaks  of  220  ampeies 
each.  The  oscillograph  record  of  this  test,  shown  in  Fig. 
II,  was  obtained  with  1.282  ohms  in  series  with  the 
armature  and  shows  maximum  current  peaks  of  i6S 
amperes  at  start  and  163  amperes  when  the  resistance 


TIM£  IN  StCONOS 
FIG.   4— STARTING    TESTS    OF    A    20    HP,    750    R.P.M.     MOTOR    LOADED 
WITH    A   PRONY   BRAKE   SET   FOR   FULL-LOAD   TORQUE   AT   FULL   SPEED 

Resistance  0.725  ohm  starting  -f  0.25  ohm  internHl.  The 
starting  resistance  was  short-circuited  in  one  step  at  125  volts 
counter  e.m.f. 

was  short-circuited.  This  short-circuit  occured  when  the 
counter  e.m.f.  across  the  motor  brushes  was  61.5  volts. 
This  voltage  divided  by  0.268  ohm,  which  is  the  in- 
ternal resistance,  would  give  a  peak  of  230  amperes.  By 
extending  the  current  peak  to  the  instant  when  the  re- 
sistance switch  closed,  the  curve  shown  by  dotted  lines 
in  Fig.  II  gives  a  close  check  upon  the  calculated  value 
of  current.  The  effect  of  the  armature  self  induction  is 
shown  by  the  difference  between  the  dotted  line  and  the 
heavy  line.  The  starting  peaks  are  thus  shown  to  be 
about  two-thirds  of  the  calculated  value  using  the  geo- 
metric progression  method  and  neglecting  armature  re- 
action. 

In  Fig.  12  is  shown  the  results  of  a  similar  test,  ac- 
celerating with  one-half  full-load  torque  applied  by 
prony  brake.  The  peak  calculated  in  the  usual  way 
would  require  138.6  amperes  based  on  a  minimum  ac- 
celerating current  of  20  amperes.  The  actual  peaks  ob- 
tained were  no  and  102  amperes,  showing  the  calcu- 
lated peak  to  be  about  31  percent  in  excess  of  the  actual 
value. 


The  following  mathematical  analysis  has  been 
worked  out  for  calculating  the  true  current  peaks  shown 
in  Figs.  II  and  12.*  By  taking  into  account  inductance 
and  inertia,  it  is  possible  to  calculate  the  true  peak  cur- 
rent when  a  portion  of  the  external  series  resistance  is 
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TIME  IN  SECONDS 
FIG.    5 — STARTING   TESTS   OF   A   20    HP,   75O   R.P.M.    MOTOR  BELTED   TO 
A  50  KW.  GENERATOR,  WITH   NO  LOAD  ON  THE  GENERATOR 

Resistance  1.35  ohms  starting  -|-  0.25  ohm  internal.  The 
starting  resistance  was  short-circuited  in  one  step  at  150  volts 
counter  e.m.f.  This  adjustment  gives  equal  current  peaks  and 
represents  a  practical  controller. 

short  circuited.  The  differential  equation  for  the  tran- 
sient current  is 


di  di  r 


'dt  =  E. 


dt  ^  "^  dt 

The  effect  of  mutual  inductance  M  is  very  small 
and  can  be  neglected.  On  the  other  hand,  the  counter 
torque  7'c  will  be  considered  and  assumed  constant; 
hence, 

l'-jI^  Ri  -f  A'l  j  /(//  -  h'l  J  T,  dt  =  E 
Since  we  are  considering  the  case  in  which  the 
motor  has  come  up  to  some  percentage  of  full-load 
speed  and  a  part  of  the  seiies  armature  resistance  is 
short  circuited,  the  initial  counter  voltage  of  the  motor 
must  be  added  to  the  left  hand  side  of  the  above  equa- 
tion giving 


FIG.   6 — SAME  AS   FIG.   5 

Except  that  the  starting  resistance  was  short-circuited  at 
120  volts  counter  e.m.f.  The  current  curve  shows  a  peak  at 
the  instant  of  short-circuiting  the  resistance  in  excess  of  the 
starting  current,  as  contrasted  with  the  lower  value  in  Fig.  5. 

The  general  solution  of  this  equation  takes  the  form 


i=A^-\-A« 


—  A'  +   1^  A'-  ~  )  Lh\l 


-V  Ai  e 


*By  Mr.  A.  A.  Gazda,  who  made  these  tests. 
**Starting  characteristics  of   Direct-Current   Motors-K.   L. 
Hansen.     Proc.  A.I.E.E.,  Feb.  '17,  p.  272-Eq.  22. 
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in  which  A^,  Ao  and  A^  are  constants  of  integration. 
The  value  of  these  in  terms  of  known  (]uant''.ies  when 
the  motor  is  accelerating  under  a  constant  resisting  tor- 
que is 

Ai  :=  I  =^  the  initial  current. 

'       v  A'--yZAi  1    A'--/-Ai 

Rs  =  series  resistance  that  is  short  circuited. 
R  =  final  resistance. 

When  4  LK^  is  greater  than  R",  the  current  oscil- 
lates around  the  value  required  for  the  constant  1.in;ue 
load,  and  the  above  general  solu*-ion  becomes 
/(/?,-  A')  /   .     y-^^L/u  -A' 


der  ordinaiy  conditions.  Where  a  compound  or  series 
motor  is  used,  the  starting  torque  will  build  up  more 
rapidly,  particularly  with  the  series  motor,  so  that  this 
may  prove  a  limiting  condition  during  acceleration. 

A  number  of  tests  were  made  upon  a  reversing 
planer  equipment  to  obtain  a  detailed  analysis  of  the 


i=/+ 


..) 


X  «  -'  /- 


y  ^  LA\  -  A'- y-  -'/. 

The  values  of  current  represented  by  this  ecjuation 
were  calculated  for  the  period  immediately  following 
the  closing  of  tlie  accelerating  switch,  as  shown  in  Figs. 
II  and  12.  These  values  check  the  oscillographic  curve 
very  closely  and  are  shown  in  Table  I.  This  brings  out 
the  feasibility  of  calculating  the  actual  peak  current  dur- 
ing the  acceleration  of  the  motor  by  means  of  series  re- 
sistance. 
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FIG.    7— STARTING     TESTS     OF     A     20     HP,     5OO-I5OO     R.I'.M.      MOTOR 

BELTED    TO    TWO    SO    KW.    GENERATORS    CONNECTED    TO    GIVE 

20   HP  TORQUE  AT   I5OO   R.P.M. 

Resistance  0.76  ohm  starting  +  0.34  ohm  inlcrnal.  The 
starting  resistance  was  short-circuited  in  one  step  when  the 
counter  e.m.f.  was  100  voUs.  The  field  resistance  was  inserted 
when  the  starting  resistance  was  short-circuited,  the  gradual 
rise  of  current  being  due  to  weakening  the  field. 

TABLE  I— ACCELERATING   CURRENT  VALUES 


Time 

Amperes  at 

.'\mpercs  at 

m 

Half  Load  Torque 

Full  Load  Torque 

Seconds 

(Fig.  12) 

(Fig.  11) 

0.00 

20 

50 

0.01 

76 

120 

0.02 

104.4 

153.5 

0.03 

112.8 

166 

0.04 

107.5 

151 

0.06 

83.2 

129 

0.08 

54.2 

93 

0.10 

33.0 

56.3 

0.123 

20 

50 

0.14 

16.5 

45.5 

0.16 

15.7 

45 

0.18 

16.9 

46 

0.24 

20 

50 

TIME  IN  SECONDS 


FIG.   8 —  SAME  AS   KIG.   7 

E.xccpt  a  prouy  brake  was  used  instead  of  the  generator 
to  give  full-load  at  1500  r.p.m.  This  gives  a  heavier  starting 
loniiie  and  less  inertia.  The  starting  ixsistance  was  short- 
circuited  at  120  volts  counter  e.m.f. 


different  parts  of  the  operation.  These  curves,  one  set 
of  which  is  shown  in  Fig.  13,  proved  of  considerable  in- 
terest and  value  in  designing  these  controllers. 

AI.TKRNATING   CURRENT  SQUIRREL-CAGE   MOTORS 

Lender  certain  conditions  an  excessive  current  may 
be  obtained  in  starting  alternating-current  squirrel-cage 
inotor.s*.  These  conditions  are  not  apt  to  occur  in  the 
smaller  size  motors  commonly  used.  The  increasing  use, 
however,  of  large  size  motors  of  this  type,  particularly 
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Time  is  calculated  from  the  instant  that  the  resistance 
short  circuiting  switch  makes  contact. 

These  last  tests  confirm  the  writer's  opinion  that 
only  a  small  number  of  starting  steps  are  required  in 
accelerating  a  modern  direct-current  shunt  motor  un- 


FK;     g EFFECT  OF   FIELD    VARIATION   ON    IIV.VAMIC    ISRAKING 

Made  with  a  i^  hp,  400-1600  r.p.m.  motor  belted  to  a  50 
kw.  generator  with  no  load  on  the  generator.  \\  hen  the  motor 
was  operating  at  1600  r.p.m.  the  armature  was  disconnected 
from  the  line  and  connected  to  a  resistance  to  give  dynamic 
braking.  A.t  the  same  time  the  motor  field  rheostat  was  short- 
circuited,  strengthening  the  field  to  the  400  r.p.m  value.  The 
curves  show  that  the  field  built  up  faster  than  the  speed  de- 
creased so  that  the  armature  voltage  at  first  increased  and 
then  remained  practically  constant  for  a  considerable  period 
A  strong  dvnamic  brake  was  thus  maintained  until  the  motor 
speed  was  quite  low  so  that  it  could  be  easily  stopped  by  1  ric- 
tion  or  a  mechanical  brake. 

with  two  and  four  poles,  has  made  it  necessary  to  con- 
sider these  phenomena  and  show  n  the  importance  of  an- 
alyzing the  motor  and  controller  as  a  unit. 

*See  paper  on  "Transient  Conditions  in  Asynchronous 
Induction  Machines"  by  Mr.  R.  E.  Hellmund,  Proc.  A.LE.E., 
Feb.  '17,  p.  205. 
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Several  years  ago,  a  series  of  breakdowns  in  the  in- 
sulation of  a  wound-secondary  motor  occurred,  due  to 
the  inductive  effect  between  the  windings  when  the 
secondary  circuit  was  opened  before  the  primary  wind- 
ino-  was  disconnected  from  the  line.  Oscillograph  tests 
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FIG.    10 — THE    SAME   AURANGEMENT   AS    FIG.    l) 

Except  that  the  motor  field  was  not  increased  but  re- 
mained at  the  i6oo  r.p.m.  value,  showing  that  a  dccreasin.t; 
torque  with  decreasing  speed  will  cause  considerable  drift 
before  the  motor  conies  to  rest. 

at  first  did  not  disclose  this  difficulty  but  the  use  of  the 
spark  gap  showed  that  approximately  five  times  normal 
voltage  might  be  obtained  in  the  secondary  circuit  un- 
der these  conditions.  Prior  to  that  time,  it  was  the  gen- 
eral belief  that  an  alternating-current  motor  had  veiv 
little  inductive  effect  of  this  kind. 


FIG.    II— START1.\G   TESTS  OF  A    IS    HI',  825   K.P.M.    MOTOR   IiKIVTNG    A 
PRONY    BRAKE   SET   FOR    FULL-LOAD   TORQUE 

Starting  resistance  1.282  ohms  -|-  0.268  ohms  internal  re- 
sistance. The  starting  resistance  was  short-circuited  in  one 
step  when  the  counter  e.m.f.  was  61.5  volts. 

The  writer  believes  that  there  is  an  opportunity  for 
considerable  valuable  work  to  be  done  along  this  line 
by  universities  and  technical  schools.  Most  of  their  lab- 
oratories are  equipped  with  oscillographs  and  other 
means  for  this  kind  of  an  investigation.  The  work  is 
very  interesting  and  instructive;  in  the  foregoing  de- 
scription only  the  more  important  phenomena  have  Leea 
discussed.  An  analysis  of  the  curves  show  that  the  arma- 


ture voltage  is  approximately  equal  to  the  line  voltage 
at  the  instant  of  closing  the  circuit.  The  shunt  field  am- 
])eres  start  at  zero  and  at  first  have  a  negative  value, 
probably  due  to  the  reactive  effect  of  the  armature  cur- 
rent. The  peak  values  of  the  armature  current  show  a 


FIG.    12 — SAME  STARTING  TEST  AS   FIG.    II 

Except  that  the  proiiy  brake  was  set  for  one-half  I'uli- 
load  tonjue.  The  starting  resistance  was  2.062  plus  an  internal 
resistance  of  0.268  ohm. 

round-off  due  to  the  reactive  effect  of  the  circuit.  This 
can  be  varied  by  changing  the  mechanical  inertia  of  the 
parts  or  by  changing  the  inductance  of  the  complete 
circuit.  The  shunt  field  is  assumed  to  follow  the  field 
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FIG.    13 — STARTING  TESTS  OF  A  20  HP,  250  TO   1000  R.I'.M.,  23O  VOLT 
SHUNT-MOTOR   OFER.ATING   A    I'L.\.\ER 

24  inch  tool  travel,  500  r.p.m.  cut  and  1000  r.p.m.  return 
stroke.  Beginning  at  the  left,  the  motor  is  accelerated  for  the 
cutting  stroke,  then  dynamic  liraking  occurs,  followed  by 
acceleration  for  the  return  stroke.  The  last  loop  is  dynamic 
braking  from  the  return  stroke. 

current  quite  closely,  although  it  undoubtedly  does  not 
reach  the  instantaneous  values  shown  by  the  curve  of 
field  amperes.  Further  investigation  in  this  line  would 
be  interesting. 
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A,       Aj      B, 
FIG.    50 — TW'O-rilASE,   SERIES   GROUPING 


FIG.    53 — TWO-PHASE,    TEX-1'ARAI.LEI.    GROUPING 


A;       Bi      B. 
FIG.    51 — T\VO-PH.\SE,    TWO-PARALLEL    GROUPING 


FIG.    54 —    THREE-PHASE^    SERIES,    STAR    GROUPING 


FIG.    52 — TWO-PHASE,    FIVE-PARALLEL   GROUPING 


FIG.    55 — THREE-PHASE,    TWO-PARALLEL,    STAR    GROUPING 
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Klc;.    56— THREE-rHASE,    FIVE-PARALLEL,    STAR    GROUPING  FIG.    59— THREE-PHASE,   TWO-PARALLEL,   DELTA   GROUPING 


FIG.    57 — THREE-PHASE,    TEN-PARALLEL,    STAR    GROUPING 


FIG.    60 — THREE-PHASE,    FIVE-PARALLEL,   DELTA    GROUPING 


FIG.    58 — THREE-PHASE,    SERIES,    DELTA    GROUPING 


FIG.    61 — THREE-PHASE,    TEN-PARALLEL,    DELTA    GROUPING 


The  above  diagrams  represent  all  usual  connections    for   a   ten-pole   lap   winding. 


J.  B 

IT  IS  sometimes  necessary  to  make  up  a  trans- 
former bank  of  units  of  unlike  chai-acteristics, 
and  in  such  a  case  it  is  desirable  to  know  how  the 
current  will  divide  among  the  three  units  in  order  to  be 
sure  that  no  transformer  will  be  overloaded.  Inasmuch 
as  the  transformers  on  hand  are  generally  designed  for 
the  line  voltage,  the  usual  connection  for  such  a  bank 
is  delta-delta. 

Let  Fig.  r  represent  such  a  delta  bank.  Then 
since  the  current  in  any  line  is  the  sum  of  the  currents 
flowing  in  the  delta  toward  that  line  the  following  vec- 
tor equations  will  expiess  the  current  relations.* 

/.A  =  '.•«  -f-  n„) 

/|,R    =  ?„l,  +  '.1.  > (/) 

/,.C      =    'Ik.    +    /a,  J 

If  the  impedances  of  the  three  transformers  are 
respectively  Z,,  Z.,.  and  Z..,  the  voltage  drops,  D,  due 
to  the  load  currents  will  be, — 

ih  =  z^i.A (.) 

A\'ith  a  closed  delta  connec- 
tion, the  vector  sum  of  the  volt- 
ages around  the  delta  must  be 
zero  and  since  the  line  voltages 
are  balanced,  the  vector  sum  of- 
the  voltage  drops  must  also  be 
zero.  Therefore, — 

FIG.     I 

D,+D;+D:,  =  n Cj) 

Substituting  from  (i)  and  (2)  in  (3), 

Zx  /«b-f-^.(/»l,-/„B)  -)-Z:,(/hi,-}-/„.0  =(') 

Zi  (nK+AB)  -\-y-i  iu-+Z:,(,u,.-I,v)  =o\ (  /) 

If  the  current  in  the  line  aA  is  taken  as  the  refer- 
ence vector, 

A,D=/(-o.5- y  0.S66)  \ ( ,-) 

Jci^=I(~O.S+J  O.S66)) 

For  convenience  let  the  sum  of  the  resistance  of 
the  three  transformers  be  R,  and  the  sum  of  the  reac- 
tances, X,  then 

/>>=ri +  ,,  +  ,.,, 

.V=.i-,-h.r,-|-.i-.;  ( C^) 

Now  substituting  values  from  (5)  and  (6)  in  (4), 

.        ,  /  ('-2  -1-./  -v»)  {-Oo~j  O.S66  )  -  (r,  +j  .,,)  \ 
'"'-^  V  A>+jX  ) 

'"      V  T^TJx  ) 

■  ,  (  (>■>  +J  -'-i)  -  (r-j  +J  x-j)  (-O.J+J  0.S66  )  \ 
™        V  A'-F/.V  ) 

Separating  the  /  components  in  these  three  equa- 
tions, 

■  ^r  (-"-S  '•-- r;:-(-y.cV66  A-,- J  (o.,-  a-2+X:.,+o.I^66  r«)  \       1 

""    V  ■   TF+jx  ■; 

,-j_^.  =  /(o.S  ('-i-'-s)  -O.S66  (j-i+^s)  +7 !  0.5  (.ri-.r.-i)  +0.S66  (;-,-^; ;,)  1  \ 

V  A'-l-yA'  /    (/) 

•    =  r  ('^}+£A  '■2+0.S66  A-.,+j  (.r,+o.5  A-0-O.S66  r.)  \ 


formor^   hi   Dolta 


At  this  point  it  is  best  to  substitute  numerical  val- 
ues and  this  will  result  in  three  equations  of  the  form 

^ye+jx 

where  a  represents  the  sum  of  all  the  leal  com- 
ponents in  the  numerator  of  the  equation  (7)  and  b  rep- 
resents the  sum  of  all  the  quadrature  components. 

These  equations  may  be  solved  in  the  usual  wa)', 
by  multiplying  both  numerator  and  denominator  by 
R  —  j  X  and  simplifying 


ii+/6    _  A>~j 


vX 


'-^(a-+JX^  R-j 


^ 


or,  numerically 


\  k-  +  A--  / 


E.xample: — Let  it  be  required  to  make  up  a  b.nnk  composed 
of  two  lOOk.v.a.  transformers  and  two  50  k.v.a.  transformers,  the 
latter  being  connected  in  parallel  and  used  as  one  side  of  the  delta. 
The  100  k.v.a.  transformers  have  a  resistance  of  1  percent  and  a 
reactance  of  2.4  percent.  The  50  k.v.a.  transformer  have  a  resist- 
ance of  1.4  percent  and  a  reactance  of  2.3  percent.  What  will  be 
the  division  of  load? 

r\  =  /.  ,•      /•:;  =  /.,-      r:;  =  /./;     whence  R  =  f./ 
.)■]  =  3.4;   x-i  =  2.^;    Xi  =  .?.  J  ,■    zchenci'  X  =  7./ 
I'Vom  equations  (7) 

'-o.5-i.4-^o.S6b  X  2.4-j{o.5y,2a-^i.3^o.S66y,i)\ 
3-4  +J  7'  ) 


_  ,  (o'7S-j  4-3(>6\ 
\    3 -4+]  T.I     ) 


^j(  V  {.o.iT^^y^  3-4-4-366  X  7-')-+(.<>-'7S  X  7-'+4-366y.3.4)-\ 
\  3-f  +  7-1-  f 


-l{v  -30-393--\-'6.toS-\  ^ 

V  ?./--f-7./-  / 


r.,.  34-39^  , 

ly^—ZT-zr   =  0.5S5  I 


3 -4- +  7.''  '  "     '^'■9/ 

This  means  that  the  windings  of   the   transformer   ah  carry 

55.5  percent  of  the  current  in  the  three-phase  line.      If   the   three 

transformers    were    similar,    each    would    carry  57.75    percent. 


Df  the  line    urrent. 


Therefore,  with   full  load  on  the 
55.5 


bank,  the  transformer  at>   will  carry  -^  -- 

normal  full-load  current. 

/,    =  /( 0.5 {'-'.4)  -o.S66{2  4+2.3)  +j\os {^-4-^3)  +0. 


.55.5 

!)6   percent  of   its 

/-4.27+j  2.12S\ 

\       3.4+ J  7.'       ) 

^[(y  (-4^7X3  4+^-'^SX7  J)-+{-4  2/X7-'-^-'^SX3.4y\ 

V     j.y-  +  7-^'  ' 

^,l\' 0-591-^37. 35^-'\  =/  X  -i^  =  0.603  I 

\      3.4-  -j-  7.1-       /  61. ()7 

That  is,  with  full  load  on  the  bank,  the  transformer   be  will 
60.3 


^^'''>'  -WnE 


104.5  percent  of  its  full-load  current. 


(i-\-o.sXi-\-o.S66y.2-4^-j{2-4+o.5'l<^.4-0-^66Xi)  \ 
-'\  3-4+ J  7.'  / 

_  ,  (3.37S  +j  2.734\ 
'     \    3.4+ J  7.'     ) 

,(^     (?  -iZ^-X?  j+2.734'X7.')-+{3 57S-X7.'-^ 734X3.4r\ 

\  3.-f'  +  7-''  ' 

0.574  I 


*For  a  description  of  this  svstcm  of  notation,  see  article 
by  Chas.  H.  Porter,  Vol.  IV,  p.  62 


■_  T(v'3'.577-+'6.roS'\  ^  j  ^    3^45^ 

~'\      3.r  +  7.''      f  ^'■'^' 

That     is,   with   full   load    on    the    bank,    the     transformer 
57  4 
ca  will  carry  -„  L-    =  99.4  percent  of  its  full-load  current. 

Since  the  most  severe  condition  is  a  4.5  percent 
overload  on  transformer  he,  this  bank  should  be  entirely 
satisfactory. 


Tho  JC^^oiVtiaU  ot' "Craii-st'ofinoi'  Praotic^o '((( 


E.  G.  Reed 


THE  IRON  LOSS  of  a  transformer  is  the  energy 
required  to  magnetize  the  iron  circuit.  It  is  con- 
tinuous as  long  as  the  transformer  is  connected 
to  the  line,  and  is  practically  independent  of  the  load  on 
the  transformer.  The  loss  is,  however,  slightly  reduced 
under  load  conditions,  because  a  small  part  of  the  im- 
pressed voltage  is  absorbed  in  overcoming  the  impe- 
dance of  the  primary  winding. 

When  making  an  iron  loss  measurement  the  current 
taken  by  the  transformer  causes  a  copper  loss  in  the 
winding  used,  which  is  included  in  the  wattmeter  read- 
ing. While  this  copper  loss  is  not  strictly  a  part  of  the 
iron  loss,  it  is  usually  not  large  enough  to  warrant  a 
correction  for  it  being  made.  The  iron  loss  measure- 
ment also  includes  a  very  small  dielectric  loss,  or  loss 
in  the  insulation  when  it  is  under  the  electrostatic 
stresses  existing  in  the  windings.  This  loss  is  of  no  prac- 
tical importance  except  in  a  few  cases  of  high-voltage 
transformers.  The  iron  loss  likewise  depends  to  a  slight 
degree  on  the  temperature  of  the  transformer,  decreas- 
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ing  with  increase  of  temperature.  This  is  largely  caused 
by  the  increase  in  the  resistance  of  the  iron,  which  re- 
duces the  eddy  currents  as  the  temperature  increases. 

The  apparent  iron  loss,  as  distinguished  from  the 
true  iron  loss,  is  the  product  of  the  voltage  which  is  im- 
pressed on  the  winding  exciting  the  iron  and  the  cur- 
rent which  flows  under  these  conditions.  The  term  "ap- 
pai'ent  iron  loss"  is  self  explanatory  and  distinguishes 
the  volt-ampere  input,  with  open  secondary  circuit  from 
the  actual  energy  loss  in  the  magnetic  circuit.  The  ratio 
of  the  true  to  the  apparent  iron  loss,  is  of  course  the 
power-factor  of  the  transformer  at  no  load. 

The  iron  loss  will  also  vary  with  change  in  the 
shape  of  the  voltage  wave  of  the  circuit  upon  which 
the  transformer  is  operating.  A  peaked  voltage  wave  will 
give  a  lower,  and  a  flattened  wave  will  give  a  higher 
iron  loss  than  a  sine  wave  of  the  same  elifective  valve. 
As  commercial  generating  machinery  only  approximates 
the  sine  wave  form  of  electro-motive  force,  the  iron  loss 
of  transformers  will  vary  when  measured  on  circuits 
from  dififerent  generators.  For  this  reason  it  is  neces- 
sary to  base  transformer  iron  loss  guarantees  on  the 
sine  wave. 


In  transformers  of  recent  manufactin^e,  the  iron 
loss  is  a  fixed  quantity  under  given  conditions,  and  does 
not  increase,  even  though  the  transformer  be  operated 
with  heavy  loads  for  long  periods  of  time.  In  other 
words,  the  iron  in  the  magnetic  circuit  does  not  "age". 
This  is  due  to  the  characteristics  of  the  silicon  steel  now 
generally  used.  With  the  steel  formerly  used,  there  was 
a  marked  increase  in  iron  loss  from  year  to  year.  The 
degree  of  this  increase  depended  on  the  temperature  at 
which  the  transformer  operated,  and  the  duration  of 
this  temperature  condition;  the  "aging"  being  more 
rapid  at  higher  temperatures. 

QUANTITIVE  EXPRESSION  OF  IRON   LOSS 

The  curve  in  Fig.  i  gives  the  iron  loss  for  a  sample 
of  silicon  steel  made  into  a  magnetic  circuit;  being  plot- 
ted with  inductions  B  in  lines  per  square  centimeter  as 
ordinates  and  tlie  watts  loss  per  pound  of  iron  (fi  as 
abscissae.  The  value  of  Wi  for  each  induction  may  be 
taken  as  the  measure  of  the  quality  of  the  iron  in  any 
other  magnetic  circuit. 

Example: — What  is  the  total  iron  loss  in  a  magnetic  cir- 
cuit weighing  200  pounds,  which  is  operating  at  an  induction  of 
12  000  lines  per  square  centimeter,  when  excited  from  a  Go 
cycle  circuit? 

From  the  curve  in  Fig.  i,  the  iron  loss  in  watts  per  pound 
at  an  induction  of  12000  lines  per  square  centimeter  is  1.7 
watts.  The  total  iron  loss  is  therefore  1.7  X  200  or  340  watts. 
If  the  iron  in  the  magnetic  circuit  was  known  to  have  a  loss 
per  pound  of  r;o  percent  of  that  shown  in  Fig.  i  for  some 
particular  induction,  the  same  relation  would  approximately 
hold  for  all  inductions  and  the  quality  of  the  iron  in  this 
case  could  be  designated  as  90  percent.  With  go  percent 
iron  in  the  example  given  above  the  total  loss  would  be  0.9  X 
1.7  X  200  or  306  watts. 

The  iron  loss  in  a  magnetic  circuit  is  made  up  of 
two  parts;  namely,  the  eddy  current  and  hysteresis 
losses.  The  former,  like  the  eddy  current  loss  in  a  cop- 
per conductor,  may  be  expressed  by  an  equation  of  the 
form 

717?b  =  "('^'^)' W 

Where  a  is  a  constant  depending  on  the  resistivity 
(if  the  steel,  i  is  the  thickness  of  the  laminated  sheets,  / 
the  frequency  and  B  the  magnetic  induction  in  the  cir- 
cuit. 

The  hysteresis  loss  has  been  found  to  follow  ap- 
proximately the  empirical  law. 

7bW/  =  '*/^'-" (-') 

Where  /3  is  a  constant  depending  on  the  grade  of 
the  steel.  The  total  iron  loss  in  the  circuit  may  therefore 
be  written 

~-^=  ll\  =  aO/Br-  +  p/B'-^ 0) 

This  expression  is  rather  complicated  and  difficult 
to  handle  in  developing  relations  showing  the  variation 
of  the  iron  loss  of  transformers  with  voltage,  fre- 
quency and  other  similar  quantities.  For  this  purpose 
the   following  exponential    function   is  used  which  ex- 
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presses,  with  fair  accuracy,  the  iron  loss  per  pound  of 
laminated  transformer  iron,  within  rather  narrow  limits 
of  induction.  Where  the  value  of  the  induction  is  consid- 
erably changed  a  different  value  of  the  exponent  must 
be  used. 

U\=a/-ny (y) 
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FIG.    3 — IRON    LOSS    OF   THE    S.\ME    SAMPLE   OF   SILICON    STEEL 
AS  FIG.    I 

Magnetic  induction  constant  at  II  000  lines  pc-r  square 
centimeter. 

Where  a  is  a  constant  depending  on  the  quality  of 
the  steel  and  x  and  y  are  variable  exponents  considering 
a  wide  range  of  the  frequency  and  magnetic  induction, 
but  constants  for  a  limited  range  of  these  quantities. 

The  use  of  this  simple  function  to  represent  the 
iron  loss,  permits  many  useful  and  interesting  relations 
pertaining  to  the  transformer  to  be  developed.  Where 
greater  accuracy  is  required  a  more  complicated  func- 
tion must  be  used,  which  naturally  limits  more  or  less 
its  general  application. 

The  value  of  y  is  determined  for  any  given  sample 
of  iron  by  plotting  the  values  of  the  iron  loss  Wi  and  B 
for  that  particular  sample,  to  logarithms.  The  value  of 
y  is  then  the  slop^  of  this  curve,  as  is  evident  from  the 
following.  For  any  particular  value  of  the  frequency  / 
equation  (4)  may  be  written, 

;/  i  =  Constant  By 
whence 

/oe:  n\  =  !o<r  Constant  -^  y  log  B. 

and  for  another  density  B' 
log  Ws.'  =  log  Gmstant  +  y  log  B' 
Combining  these  equations, 
_  log  W\  -  li»^  II Y 

■•'-   log  B  -logB'    (j) 

Example: — What  is  the  value  of  the  exponent  y  of  the 
iron  loss  curve  shown  in  Fig.  i,  at  an  induction  of  9500  lines 
per  square  centimeter?  The  curve  in  Fig.  i,  may  be  plotted 
to  logarithms,  whose  slope  between  the  limits  of  inductions  of 
9000  and  10 000  is  approximately  as  follow^s  from  equation  (5). 
^  ""50  -I-  o  0343  ^ 
4.000  -  3.9^4        '■  S 

In  Fig.  2  the  value  of  this  exponent  is  shown  for 
each  point  of  the  iron  loss  curve  shown  in  Fig.  i.  The 
values  of  3;  corresponding  to  the  upper  end  of  the  iron 
loss  curve  are  somewhat  indefinite,  as  slight  differences 
in  the  value  of  the  l!A  used  from  this  region  make  a 
considerable  difference  in  the  value  of  y  as  determined 
from  equation  5. 


Fig.  3  shows  a  curve  which  gives  the  relation  be- 
tween the  watts  per  pound  and  the  frequency,  with  a 
constant  magnetic  induction  of  1 1  000  lines  per  square 
centimeter.  This  curve  can  be  used  to  determine  the 
frequency  exponent  x,  in  the  same  manner  as  the  curve 
in  Fig.  I  is  used  to  determine  y,  the  exponent  of  the 
magnetic  induction.  Fig.  4  shows  the  variation  in  x  for 
a  large  range  in  the  value  of  the  frequency. 

In  specifying  the  magnetic  characteristics  of  trans- 
former iron,  it  is  necessary  to  know  the  apparent  watts 
which  will  be  required  to  maintain  a  certain  flux  density 
in  the  iron,  as  well  as  the  actual  energy  loss  which  will 
result.  The  simplest  method  to  accomplish  this  is  to 
determine  a  curve  similar  to  that  shown  in  Fig.  i,  but 
instead  of  plotting  true  iron  loss  and  induction,  apparent 
loss  and  induction  are  used.  Such  a  curve  for  sili- 
con steel  is  shown  in  Fig.  5,  which  is  used  in  exactly  the 
same  way  as  the  iron  loss  curve  shown  in  Fig.  i.  Since 
the  iron  loss  curve  in  Fig.  i  and  the  apparent  iron  loss 
curve  in  Fig.  5  are  for  the  same  sample  of  material,  the 
ratio  of  the  two  loss  values  at  the  same  induction  gives 
the  power-factor  at  that  point.  The  curve  in  Fig.  6  shows 
the  variation  of  the  power-factor  of  the  magnetic  cir- 
cuit with  the  induction. 

SEPARATION   OF   THE   IKON    LOSS   INTO   ITS   EDDY   CURRENT 
AND   HYSTERESIS    COMrONENTS 

The  study  of  the  eddy  current  and  hysteresis  losses 
separately  is  important  as  a  research  problem  in  investi- 
gating the  characteristics  of  different  grades  of  steel  and 
in  a  practical  way  with  the  transformer  to  determine 
when  the  insulation  between  the  laminations  is  effective. 
In  developing  the  expression  for  the  eddy  current 
loss  it  is  assumed  that  the  eddy  currents  flow  parallel 
to  the  surface  of  the  plates  and  that  the  impedance  of 
the  eddy  current  circuits  is  made  up  of  resistance  only. 
Actually  the  eddy  currents  do  not  alwa)'s  flow  parallel 
to  the  surface  of  the  plates,  especially  near  where  the 

ends  of  the  lami- 
nations  butt 
against  each  other. 
At  these  points  the 
flux  fringes  out 
and  flows  through 
the  sides  of  the 
adjacent  plates 
and  sets  up  local 
eddy  currents.  Al- 
so when  the  fre- 
quency is  high  the 
reactance  of  the 
eddy  current  paths 
will  not  be  negligi- 
ble and  the  eddy 
current  loss  will  then  vary  less  than  as  the  square  of 
the  frequency,  when  the  flux  density  is  kept  constant.  If 
the  frequency  be  carried  high  enough  to  make  the  im- 
pedance practically  independent  of  the  resistance,  the 
eddy  current  loss  will  become  independent  of  the  fre- 
quency. 
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FIG.   4 — VARIATION     OF    THE    EXPONENT     X 

Showing  that  the  exponent  of  the  curve 

in  Fig.  3  is  not  constant  for  large 

variations    of    the    frequency. 


THE    ELECTRIC   JOURNAL 


359 


If  the  resistivity  of  silicon  steel  be  taken  as 


60 


;;■'/-  Wi/i 


(7) 


ohms  per  cubic  centimeter,  or  -^  ohms  per  cubic  inch, 
the  eddy  current  loss  per  pound  by  the  same  method 
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riG.    5 — APPARENT  IRON   LOSS  CURVE 

For  a  sample  of  silicon  steel  at  60  cycles. 

used  in  developing  the  equation  for  the  eddy  current 
loss  in  a  conductor.* 

Pr  0.0024 

D — ^  =  — TT^  {'  f'By- 

or 

o  0024 


.(6) 


This  is  based  on  the  silicon  steel  having  a  specific 
gravity  of  7.5  and  an  allowance  for  spacing  between 
plates  of  approximately  15  percent.  It  is  interesting  to 
note  the  relation  between  the  eddy  current  loss  per 
pound  in  a  copper  conductoi  and  in  a  silicon  steel  plate 
under  the  same  conditions  of  thickness  of  sheet,  fre- 
quency and  induction.  This  is  equal  to  the  ratio  of  the 
eddy  current  coefhcients  for  the  two  materials,  or 
0.051 

Wat  Is  per  found  of  copper  lo'-'' 


Waits  per  pound  of  sicii      ~  0.0024  ~       "' 
/o'' 
Example : — What  is  the  eddy  current  loss   in  a   magnetic 
circuit  composed  of  400  pounds  of  steel  operated  at  60  cycles 
and  at  10 000  lines  per  square  centimeter;  the  thickness  of  the 
laminations  being  0.014  inches? 
From  equation   (6), 
0.002 f 
/■(.  =  ly-   (0.0/4  X  60  X  loooo)-  X  foo  =  6-.y  ivatts 

The  above  method  for  approximating  the  eddy  cur- 
rent loss  is  based  on  first  principles,  the  only  experi- 
mental data  required  being  the  resistivity  of  the  ma- 
terial. The  hysteresis  loss  can  not  be  calculated  in  this 
manner  and  a  predetermination  of  its  value  in  a  partic- 
ular case  must  be  based  upon  the  results  of  previous 
tests.  The  iron  loss  of  a  particular  magnetic  circuit  may 
be  separated  into  its  eddy  current  and  hysteresis  com- 
ponents, but  more  than  one  measui"ement  is  necessary^ 
The  following  is  one  of  the  several  inethods  of  separat- 
ing the  losses,  by  measurements  taken  at  two  dififerent 
frequencies.  Let  W\  and  \\\'  be  two  measurements  of 
the  iron  loss  per  pound,  made  at  two  dififerent  frequen- 
cies /  and  /i  and  at  the  same  flux  density.  Equation  (3) 
may  then  be  written  for  each  of  these  measurements. 


"-;=/;=  (//rVi/-)  

Example: — If  a  transformer  has  an  iron  loss  of  0.432  watts 
per  pound  at  25  cycles  and  1. 122  watts  per  pound  at  60  cycles 
and  at  an  impressed  voltage  in  each  case  such  as  to  give  an 
induction  of  10  000  lines  per  square  centimeter  in  the  magnetic 
circuit  made  up  of  laminations  0.014  inch  thick;  what  part  of 
the  loss  at  60  cycles  is  due  to  eddy  currents  and  what  part  is 
due  to  hysteresis  loss?     From  equation  (7) 

1 .122  X  2=i  —  0.4J2  X  60  0.002/4 

'^  ~   {0.0/4  X  foouo)-  {25  X  6(:-  —  6oy.2j-)  "       /o'' 
which    is   in    reasonably   close    agreement   with    the    coefficient 
developed  from  the  resistivity  of  the  steel.     The  eddy  current 
loss  then,  from  equation   (6),  is 
P,  0.002/4 

T) >  ~  ? —  (o.o/4X6oX/oooo)'-  =  o./^2 

round  jo'>      \        f       '^  I 

0.152 
In  this  particular  case  the  eddy  current  loss  is         "^     X  lOO 

or  13.7  percent  of  the  loss  at  60  cycles.     The  hysteresis  loss  is 
therefore  1. 122 — 0.152  or  0.97  watts  per  pound.     The  hysteresis 
coefficient  is  therefore  from  equation   (2), 
o.gy         ^  o.oo6f5 
Soy.  /oooo'  ■'■  /(>'' 

The  hysteresis  loss  for  any  other  induction  may 
now  be  calculated,  assuming  that  it  varies  as  the  1.6 
power  of  the  induction.  As  a  matter  of  fact  the  exponent 
1.6  holds  only  for  medium  values  of  the  induction.  At 
ver}'  low  densities  the  exponent  may  increase  to  2  or 
more  and  at  high  flux  densities  to  as  high  as  j.  The  rea- 
son for  the  increased  exponent  at  higher  inductions,  is 
partly  that  the  scale  on  the  sheets  carries  an  appreciable 
part  of  the  flux  at  these  densities,  the  higher  loss  co- 
efficient of  the  scale  then  producing  a  considerable  in- 
crease in  the  total  hysteresis  loss. 

THICKNESS  OF   THE  LAMINATED   STEEL   PLATES  TO    MAKE 
THE  TOTAL  IRON  LOSS  A  MINIMUM 

If  the  total  volume  of  the  magnetic  circuit  is  con- 
stant and  there  is  a  fixed  insulation  distance  between 
plates,  as  the  thickness  of  the  laminations  decreases  the 
actual  magnetic  density  will  be  increased.  Thus  the 
hysteresis  loss  will  increase,  but  because  of  the  reduc- 
tion in  the  thickness  of  the  sheets,  the  eddy  current 
loss  will  be  reduced.  It  is  therefore  evident  that  for 
some  thickness  of  the  sheets,  the  total  iron  loss  will  be 
a  minimum.  If  equation  (3)  represents  the  actual  con- 
ditions with  sufficient  accuracy,  it  is  possible  to  deter- 


IVi'  =  a  {.if  By-  +  3/-^i-« 
Wi'  =  a  (i/iB)-  +  i3/iB^-<' 
Combining  these  equations  and  solving 
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FIG.   6 — VARIATION    OF    POWEH-FACTOR    WITH    INDUCTION 

mine  this  thickness  theoretically.  A  determination  of 
this  sort  gives  thicknesses  smaller  than  those  ordinarily 
used.  Actual  tests  however  indicate  considerable  varia- 
tion in  the  value  of  the  constants  in  equation  (3)  with 
dififerent    conditions    of    frequency,    flux    density    and 
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thickness  of  laminations.  The  selection  of  the  proper 
thickness  of  sheet  becomes  therefore  more  a  matter  of 
lest  than  of  theory,  particularly  since  the  cost  of  rolling 
and  handling  the  material  varies  with  the  thickness  of 

the  plate.  The 
_  thickness  ordi- 
narily used  in 
transfo  r  m  e  r  s 
varies  from  ap- 
proxim  a  t  e  1  y 
0.0125  to  0.0179 
inches.  Other 
things  being 
equal,  it  is  evi- 
dent that  t  h  e 
lower  the  eddy 
current  loss  as 
compared  to  the 
hysteresis  com- 
p  o  n  e  n  t,  the 
thicker  is  the 
sheet  which  can 
be  economically 
used. 
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FIG.    7 — EFFECT      OF      FORM      FACTOR      OF      THE 

VOLTAGE    WAVE    ON    THE    HYSTERESIS     AND 

TOTAL  IRON  LOSSES  OF  SILICON   STEEL 

Based  on   15  percent  of  the  total  loss 
being  eddy  current  loss. 


EFFECT  OF  THE  FORM   FACTOR  OF  THE  VOLTAGE  WAVE  ON 
THE    IRON    LOSS    AND    APPARENT    IRON    LOSS. 

The  induced  voltage  wave  in  a  transformer  wind- 
ing has  of  course  the  same  shape  as  the  impressed  volt- 
age. The  induced  voltage  at  any  instant  is  the  rate  of 
change  of  the  flux  in  the  magnetic  circuit,  which  is 
another  way  of  saying  that  the  flux  wave  is  the  time 
integral  of  the  voltage  wave.  Imagine  the  voltage  wave 
to  be  distorted  by  the  presence  of  a  third  harmonic 
which  gives  a  peaked  wave  shape.  It  is  evident  that  the 
time  integral  of  such  a  voltage  wave  will  give  a  flattened 
flux  wave,  or  a  flattened  voltage  wave  will  give  a  peaked 
flux  wave.  The  reason  is  then  apparent  why  a  flattened 
voltage  wave  will  give  an  increased  iron  loss  and  a 
peaked  voltage  wave  a  reduced  loss  in  the  transformer. 
Further  since  the  flux  wave  is  the  time  integral  of  the 
voltage  wave,  the  maximum  value  of  the  flux  or  the  in- 
duction in  the  magnetic  circuit  is  proportional  to  the 
mean  value  of  the  voltage  wave.  Also  since  the  form 
factor  of  the  voltage  wave  is  the  ratio  of  its  effective 
value  to  its  average  value,  if  its  eff'ective  is  maintained 
constant,  the  average  value  of  the  voltage  wave  is  in- 
versely proportional  to  its  form  factor.  In  other  words 
with  the  effective  value  of  the  voltage  constant. 


'  formjactor)         ^> 

A  peaked  voltage  wave  gives  an  increased  form  fac- 
tor and  a  flattened  wave  a  reduced  form  factor.  The 
curve  in  Fig.  7  shows  the  variation  of  the  hysteresis  loss 
with  the  range  of  form  factor  likely  to  be  met  with  in 
practice.  Ordinarily  the  wave  form  is  peaked  but  the 
a\'erage  variation  would  not  be  as  much  as  ten  percent. 


.\ssumin3:  the  average  voltc.ge  wave  t(j  have  a 
form  factor  three  percent  greater  than  that  of  a  sine 
wave,  the  curve  in  Fig.  7  indicates  that  the  hysteresis 
loss  will  be  about  95.7  percent  of  the  value  as  measured 
on  a  sine  wave  of  voltage.  Since  the  eddy  current  is  a 
function  of  the  eft'ective  voltage  independant  of  the 
wave,  form,  the  change  in  iron  loss  due  to  a  change  in 
the  form  factor  of  the  voltage  wave,  is  dye  entirely  to 
the  change  in  the  hysteresis  loss.  Therefore  the  change 
in  tlie  total  iron  loss,  as  shown  by  the  curve  in  Fig.  7, 
is  less  with  a  given  variation  of  the  form  factor,  than 
the  change  in  the  hysteresis  loss.  With  an  increase  of 
three  percent  in  the  form  factor  above  that  of  the  sine 
wave  the  total  loss  is  approximately  96.2  percent  of  that 
on  a  sine  wave.  The  curve  in  Fig.  7  is  based  on  the 
induction  in  the  magnetic  circuit  being  such  that  the 
hysteresis  exponent  is  1.6.  At  higher  inductions  the  ex- 
ponent being  larger,  the  change  in  the  iron  loss  is  more 
rapid  with  change  in  the  form  factor  of  the  voltage 
wave. 

Since  the  apparent  iron  loss  in  a  transformer  is  a 
function  of  the  maximum  value  of  the  induction,  the 
effect  of  a  change  in  the  form  factor  can  be  determined 
from  the  apparent  iron  loss  curve  in  Fig.  5.  Fig.  8 
shows  the  variacion  of  the  apparent  iron  loss  with  the 
form  factor,  assuming  that  with  a  form  factor  of  i.ii 
(he  induction  is  10  000  lines  per  square  centimeter.  If 
the  average  commercial  form  factor  is  three  percent 
higher  than  that  of  a  sine  wave,  the  apparent  iron  loss 
of  a  transformer  will  be  87.3  percent  of  the  loss  on  a 
sine  wave  of  voltage. 


The  determination  of  the  ratio 


vT.  »n  equa- 


form  /actor 

tion  (8)  for  a  particular  case,  is  a  laboratory  rather  than 
a  commercial  measurement.  It  is  equal  to  the  ratio  of 
the  average  value  of  the  rectified  alternating  distorted 
voltage,  to  the  corresponding  average  of  the  sine  wave 
voltage.  The  most  practicable  commercial  method  of  get- 
ting an  iron  loss  measurement  on  a  sine  wave  basis,  is 

to  measure  the 
iron  loss  of  a 
transformer  on 
a  true  sine  wave, 
and  then  find 
the  effect  i  v  e 
voltage  on  the 
distorted  wave 
which  will  give 
the  same  loss 
measure  m  e  n  t. 
This  voltage 
m  a  \-  then  b  e 
used  to  measure 
the  iron  loss  of 
other  t  r  a  n  s- 
f ormers  built 
with  steel  which  has  approximately  the  same  ratio  be- 
tween the  eddy  current  and  hysteresis  losses,  as  in  the 
auxiliary  transformer.  This  is  the  principle  of  the  iron 
loss  voltmeter. 
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OPEN-HRASTU    AND  SILICOX    STEliLS* 

The  characteristics  of  the  open-hearth  and  siHcon 
steels  are  as  follows ; 

Opcu-hciirth  steel     Silicon  steel 

Percentage  of   silicon    o.oUoi.o        -5  to  5.0 

Specific    gravitj'    ■■••■  7-7 

Eddy  current  in  percent  ot  total  loss 

at   10  000  gausses 3°  o 

Hysteresis    loss    in    percent    of    total 

loss  at  10  000  gausses /O.o 

Total   loss  in   percent  of   the  loss  in 

open-hearth  steel  at  10 000  gausses     loo.o  550 

Maximum    permeability    5000  to  6000    6000  to  7000 

Permeability  at   16000  gausses    500  250 

Power-factor  at  10000  gausses   0.64  0.40 

Permanence   of   characteristics    .....       Ages   or         Non-aging 

deteriorates       or  does  not 

with  time.      deteriorate 

with  time. 

The  silicon  content  imparts  the  non-ageing  quality 
and  this  is  not  the  least  important  property  of  this  steel. 
The  silicon  also  reduces  the  hysteresis  as  well  as  the 
eddy  current  loss.  The  eddy  current  loss  is  reduced  be- 
cause of  the  increase  in  the  resistance  of  the  steel  by 
the  silicon  content.  The  objections  to  the  silicon  steel  are 
that  rolling  and  punching  are  made  more  difficult  and 
its  permeability  is  lower  at  high  densities.  At  medium 
densities  however,  its  permeability  is  comparable  to  that 
o  f    the    open    hearth- 
steel.    At    an    induction 
o  f      10  000    lines    the 
l>o\ver- factor      of     the 
silicon    steel    is  only  ap- 
proximately 60    percent 
of    that    of    the    other 
grafle;   this    is    because 
the  true  loss  element   of 
the  silicon  steel  is  lower 
FIG.  c) — M.-\GNETizATioN  CURVE       and  iiot  because  the  ap- 
Of   a  25  k.v.a.,  2300  to  220-110  parent    loss    element    is 
volt,   60  cycle   transformer.  .,  ,,  , 

greater.  As  a  matter  ot 

fact  the  apparent  loss  curves  for  the  two  grades  of  steel 
are  quite  close  together  for  medium  values  of  the  induc- 
tion. 

VARIATIONS  OF  IRON   LOSS  AND  APPARENT   IRON 
LOSS    IN    COMMERCIAL    TRANSFORMERS 

The  apparent  iron  loss  of  transformers  is  much 
more  subject  to  variation  with  different  units,  than  the 
true  iron  loss.  While  from  five  to  ten  percent  variation 
might  be  usual  with  regard  to  the  true  iron  loss,  with 
die  same  grade  of  steel  in  the  magnetic  circuit,  twenty 
five  percent  or  more  would  more  likely  represent  the 
normal  variation  of  the  apparent  iron  loss.  Slight  differ- 
ences in  the  amount  of  steel  used  and  in  the  closeness 
of  the  gaps  in  the  magnetic  circuit  have  a  greater  effect 
on  the  apparent  than  on  tire  true  iron  loss.  When  the 
losses  of  a  transformer  on  test  do  not  come  within  these 
limits,  the  trouble  can  usually  be  traced  to  a  poor  in- 
trinsic quality  of  the  steel  used,  shortage  of  steel,  poor 
building,  laminations  not  properly  insulated  from  each 
other,  circulating  currents  in  the  windings,  mixture  of 
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two  or  more  grades  of  steel  of  different  permeability,  or 
cross  flux. 

The  intrinsic  quality  of  the  steel  depends  on  its 
chemical  composition  and  on  its  subsequent  heat  and 
mechanical  treatment.  The  heat  treatment  or  annealing 
cycle  owes  its  beneficial  effect  largely  to  the  removal  of 
the  stresses  existing  in  the  sheets.  After  the  sheets  come 
from  the  rolls,  an  annealing  process  considerably  in- 
creases the  permeability  and  reduces  the  hysteresis  loss. 
After  the  material  has  been  punched  and  made  ready 
for  building  into  the  transformer  it  is  given  another  an- 
nealing cycle  to  remove  the  stresses  resulting  from  this 
operation.    When  the  very  best  results   are  desired  a 
further    annealing    operation    is    sometimes    advisable. 
Since  the  eddy  current  loss  depends  only  on  the  resis- 
tivity of  the  material  it  is  not  effected  by  mechanical  or 
heat  treatment.  Mechanical  stresses  exerted  externally 
(in  the   punchings  ha\e   an  effect   similar  to  the   strains 
existing  in  the  sheets  from  rolling  and  punching.  The 
direction  of  the  grain  in  the  steel  from  rolling  has  also 
an  appreciable  effect  on  the  permeability  and  hysteresis 
loss  in  relation  to  the  direction  of  the  flux  through  the 
sheet.  The  best  results  are  secured  when  the  direction 
of  the  flux  is  in  the  direction  of  the  grain.  If  an  L 
punching  is  used  the  best  condition  is  to  have  the  direc- 
tion of  the  grain  at  an  angle  of  45  degrees  to  the  direc- 
tion of  the  flux.  The  direction  of  the  grain  in  relation  to 
that  of  the  flux  has  no  effect  on  the  eddy  current  loss. 
When  gaps  are  introduced  into  a  magnetic  circuit 
by  poor  building,  its  magnetization  curve,  in  addition  to 
the  characteristics  of  the  material,  begins  to  partake  of 
the  magnetization  characteristics  of  an  air  gap;  that  is 
the  curve  is  flattened  out  and  does  not  have  so  decided  a 
knee.  The  iron  loss  will  also  be  greater  because  of  the 
slight  fringing  of  the  flux  at  the  gaps,  which  increases 
the  eddy  current  loss  in  the  sheets  adjacent  to  the  joint. 
It  is  possible  to  place  the  joints  in  a  magnetic  circuit,  so 
that  the  characteristics  of  the  circuit  will  not  be  greatly 
different  from  a  circuit  without  gaps.  The  number  of 
gaps  should  of  course  be  as  small  as  possible,  not  more 
than  two  in  a  single-phase  transformer  and  they  should 
be  placed  if  possible  in  the  low  density  part  of  the  cir- 
cuit. A  shortage  of  steel  in  the  magnetic  circuit  will  in- 
crease the  iron  loss  by  about  the  same  percentage  as  the 
circuit  is  short  in  weight.  The  apparent  iron  loss  will  be 
increased  at  a  very  much  higher  rate  than  this,  partic- 
ularly at  high  inductions.  The  increased  loss  is  due  to 
the  loss  per  pound  increasing  at  a  faster  rate,  due  to 
the  increased  induction,  than  the  total  loss  is  reduced  by 
the  smaller  number  of  pounds  of  steel. 

For  the  laminations  of  small  transformers  where 
the  pressure  of  one  plate  against  the  other  is  not  great, 
the  oxide  on  the  laminations  together  with  the  com- 
pound which  penetrates  between  them  during  impreg- 
nation, is  sufficient  to  prevent  appreciable  loss  due  to 
eddy  currents  flowing  from  plate  to  plate.  For  the  larger 
sizes  of  transformers,  where  the  area  of  the  laminations 
in  contact  with  each  other  is  relatively  large,  and  there 
is  some  pressure,  it  is  found  advisable  to  japan  the  sep- 
arate punchings. 
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Circulating  currents  may  appear  in  the  windings  as 
a  result  of  paralleling  different  windings,  which  have 
slightly  different  voltages.  The  unbalanced  voltages 
causing  these  currents  and  consequently  the  currents 
themselves  will  increase  directly  as  the  induction  in  the 


FIG.      10  —  HYSTERESIS 
LOOP 


FIG.    II — H.\RMONIC      FLUX      CURVE 


magnetic  circuit,  and  the  copper  loss  due  to  the  cur- 
rents will  increase  as  the  square  of  the  induction. 

If  the  magnetic  circuit  is  made  up  of  two  kinds  of 
iron,  which  have  different  permeability  characteristics, 
the  flux  will  seek  the  iron  of  high  permeability  and  this 
will  probably  increase  the  total  loss,  particularly  if  the 
iron  of  higher  permeability  has  a  higher  loss  per  pound. 

If  the  magnetic  circuit  is  composed  of  two  or  more 
parts  in  parallel  which  do  not  have  the  same  relative 
areas  at  all  points,  cross-fluxes  will  be  set  up  where  the 
relative  areas  change,  and  as  the  flux  crosses  through 
some  of  the  laminations,  eddy  currents  are  produced 
which  increase  the  iron  loss.  The  eddy  currents  have 
a  tendency  to  damp  out  this  flux  thus  preventing  an  ex- 
tremely large  increase  in  the  loss. 

Increased  loss  due  to  the  quality  of  the  iron,  to 
gaps  between  the  ends  of  the  laminations,  to  eddy  cur- 
rents between  plates,  and  to  circulating  currents  in  the 
windings  will  give  an  iron  loss  curve  for  the  transformer 
which  will  be  a  multiple  of  a  sample  of  the  iron  which 
makes  up  its  magnetic  circuit.  On  the  other  hand,  if  an 
iron  loss  curve  for  the  transformer  departs  markedly  at 
some  voltage  from  that  of  a  sample  of  the  iron,  it  is 
reasonable  to  asume  that  there  is  a  cross-flux  in  the 
circuit  due  to  one  of  the  causes  refered  to. 

TRANSFORMER  EXCITING  CURRENT. 

The  exciting  current  of  a  transformer  is  defined  as 
the  ratio  of  the  apparent  iron  loss  taken  at  normal  volt- 
age, to  the  normal  rated  output  of  the  transformer.  The 
value  of  the  exciting  current  of  a  transformer  is  an 
important  element  of  its  electrical  performance  as  will 
be  shown  later.  The  curve  shown  in  Fig.  9  is  a  typical 
magnetization  curve  of  a  transformer.  This  curve  is 
usually  drawn  between  impressed  voltage  as  ordinates, 
and  exciting  current  in  amperes  as  abscissae.  The  value 
of  tlie  magnetization  curve  is  that  it  shows  the  voltage 
at  which  the  magnetic  circuit  of  tlie  transformer  ap- 
proaches saturation. 

The  shape  of  the  exciting  current  wave  of  a  trans- 
former has  an  important  bearing  on  its  performance 
under  certain  conditions  of  operation,  as  will  be  shown 
later.  This  curve  does  not  have  a  sine  wave  form,  even 
when  the  transformer  is  excited  with  a  sine  wave  of 
e.mf.    This  distortion  is  due  to  the  varj'ing  permeability 


of  the  magnetic  circuit  at  different  inductions.  The  sine 
wave  form  of  e.m.f.  necessitates  a  sine  wave  form  of 
magnetic  flux.  Since  the  penneability  of  the  iron  varies 
with  the  different  values  of  the  flux,  or  the  flux  density 
when  a  particular  magnetic  circuit  is  involved,  the  cur- 
rent required  to  establish  this  flux  also  varies.  In  order 
to  develop  the  actual  exciting  current  in  a  particular  , 
case  it  is  necessary  to  have  a  B-H  curve  for  the  mag- 
netic circuit  for  both  ascending  and  descending  magnet- 
izations or  in  other  words  a  hysteresis  loop.  In  Fig.  10 
let  the  ordinates  of  the  hysteresis  loop  represent  values 
of  the  magnetic  flux  produced  by  various  current 
strengths  in  the  primaiy  winding  of  the  transformer.  In 
Fig.  II,  is  shown  the  harmonic  flux  curve  resulting 
from  the  harmonic  e.m.f.  impressed  on  the  transformer. 
In  this  figure,  ordinates  represent  flux,  and  abscissae 
represents  time  or  angular  rotation.  Fig.  10  thus  gives 
the  relation  between  flux  and  current,  and  Fig.  11  the 
relation  between  flux  and  time,  and  it  is  desired  to  es- 
tablish the  relation  between  current  and  time.  For  a 
value  of  the  flux  a-h  in  Fig.  10,  the  corresponding  value 
of  the  current  is  c-h,  and  for  the  same  value  of  the  flux 
in  Fig.  II,  the  value  of  time  is  b-d.  Now  plotting  these 
values  of  time  and  current  in  Fig.  12  gives  the  point  b, 
the  locus  of  which  is  the  required  curve.  The  ascending 
bi-anch  of  the  hysteresis  loop  is  used  for  increasing 
values  of  the  flu.x  and  the  descending  branch  for  de- 
creasing values.  It  is  evident  that  the  exciting  current 
wave  could  be  made  a  sine  wave  by  impressing  a  dis- 
torted voltage  wave,  which  contains  suitable  harmonic 
components.  This  is  important,  as  there  are  operating 
conditions  which  will  not  permit  the  complex  exciting 
current  wave  being  supplied  to  the  transformer  from 
the  line. 

For  the  purpose  of  analysis,  this  complex  current 
wave  may  be  resolved  into  its  component  curves,  of 
the  first,  third  and  fifth  frequencies,  as  shown  in  Fig. 
13.  The  amplitude  of  the  third  harmonic  increases  with 
the  magnetic  flux  density;  the  limiting  value  being  de- 
pendent to  a  certain  extent  on  the  value  of  the  other 
higher  harmonics  also  present  in  the  current  wave.  In 
general,  the  higher  the  magnetic  flux  densitj'  the  more 
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Combining  Figs.   10  and   11. 


FIG.    13  —  COMPLEX 
RENT    CURVE 


prominent  are  the  higher  harmonics.  Since  the  two  half 
waves  in  a  cycle  of  the  complex  current  wave  are  iden- 
tical except  as  to  sign,  the  wave  cannot  contain  even 
harmonics,  as  the  odd  harmonics  alone  can  produce  this 
condition. 


Correction— In  the  second  article  of  this  series,  p.  309, 
right  hand  column,  wherever  the  factor  (/  -|-  IC)  appears,  it 
should  read   (l   -j-  K'). 
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THE  counter  electro-motive  force  induced  by  rota- 
tion in  any  .commutator  machine  is  proportional 
to  the  product  of  speed,  armature  conductors  m 
series,  and  field  strength.  It  follows  directly  that  the 
speed  of  the  motor  is  proportional  to  the  counter  e.m.f., 
inversely  proportional  to  the  armature  conductors  in 
series  and  inversely  proportional  to  the  field  strength. 
The  speed  of  a  commutator  motor  can  therefore  be 
varied  by  varying  either  the  counter  e.m.f.,  the  arma- 
ture conductors,  or  the  field  strength.  The  only  prac- 
tical method  of  varying  the  number  of  armature  conduc- 
tors connected  in  series  is  to  provide  the  armature  with 
two  commutators  and  a  double  winding  and  to  connect 
the  two  commutators  in  series  or  in  parallel.  Such  pro- 
cedure means  however,  complicated  and  expensive  ma- 
chines and  will,  therefore,  be  applied  only  in  special 
cases.  The  possibility  of  varying  the  series  connected 
armature  conductors  will,  therefore,  be  omitted  from  all 
further  considerations. 

The  counter  e.m.f.  of  an  electrical  machine  is  us- 
ually the  difference  of  the  total  voltage  derived  from 
the  power  supply  and  the  impedance  drops  in  the  motor 
tircuits.  In  special  cases  voltages  may  be  added  in  tlie 
motor  circuits  by  auxiliaiy  machines,  etc.,  but  such 
cases  are  rare  and  of  no  great  practical  importance.  In 
direct-current  motors  the  counter  e.m.f.  can  be  deter- 
mined by  subtracting  arithmetically  the  drops  from  the 
impressed  voltage ;  in  alternating-current  motors,  the 
various  voltages  may  be  out  of  phase  and  the  counter 
e.m.f.  vector  must,  therefore,  be  determined  as  the  geo- 
metrical difference  between  the  total  voltage  derived 
from  the  power  supply  and  the  voltage  drops.  Neglect- 
ing the  possibility  of  vai-)'ing  the  series-connected  arm- 
ature conductors  the  speed  of  the  motor  is  thus  broadly, 
proportional  to  the  geometrical  difference  between  the 
effective  voltages  supplied  by  the  line  to  the  armature 
and  the  drops  in  the  motor  circuits,  and  inversely  propor- 
tional to  the  field  strength. 

In  connection  with  direct-current  motors,  the  possi- 
bilities for  varying  the  difference  between  the  supply 
voltage  and  the  drops  are  rather  limited,  the  line  voltage 
usually  being  fixed  at  a  single  constant  value  and  the 
only  means  for  producing  drops  in  the  motor  circuit  be- 
ing either  resistances  or  auxiliary  machines.  The  use 
of  resistance  means  energj'  loss  and  inefficient  opera- 
tion. Resistances  are,  therefore,  used  only  for  short  time 
operation,  as  during  starting.  The  use  of  auxiliary 
machines,  while  giving  efficient  operation,  means  ex- 
pensive and  complicated  arrangements  and  is  resorted  to 
only  in  special  cases.  The  method  most  frequently  used 
for  adjusting  the  speed  of  direct-current  motors  is, 
therefore,  the  variation  of  the  field  strength  either  by 
changing  the  number  of  effective  field  turns  or  by  vary- 
ing the  current  in  the  field.  Even  this  method  leads  to 
rather  uneconomical  design,  because  varying  the  field 
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strength  means  that  the  field  is  weakened  for  high- 
speed operation,  which  in  turn  means  a  reduction  of 
the  rated  torque  of  the  machine  for  high  speeds. 

Whenever  several  motors  are  available,  as  for  m- 
stance,  is  usually  the  case  in  electric  vehicles,  a  possibility 
for  varying  the  impressed  motor  voltage  and  with  it  the 
motor  speed  is  introduced,  it  being  possible  to  connect 
the  motors  in  series  or  in  parallel,  thereby  adjusting  the 
voltage  of  each  individual  motor  for  either  full  line 
voltage  or  a  fraction  thereof. 

The  following  considerations  will  show  that  with 
alternating-current  motors  there  is  a  much  larger  num- 
ber of  possibilities  for  adjusting  the  speed.  With  a 
straight  conduction  (series  fed)  motor,  as  shown  in 
Fig.  I,  the  voltage  impressed  upon  the  motor  can  easily 
be  varied  by  introducing  a  transformer  T  and  by  shifting 
either  of  the  taps  a  or  c.  The  voltage  drops  in  the  mo- 
tor circuit  may  be  varied  either  by  resistances,  capaci- 
ties, inductances,  or  auxiliary  machines  or,  if  desirable, 
by  any  combination  of  these  items.  Further,  it  is  not  only 
possible  to  vary  the  motor  speed  by  varying  the  im- 
pressed voltage  or  the  size  of  the  drops,  but  it  is  even 
possible  to  vary  the  geometrical  difference  between  the 
two  by  adjusting  the  phase  relation  between  the  im- 
pressed voltage  and  the  drops.  Usually,  the  variation  of 
the  impressed  voltage  by  means  of  tlie  transformer  T 
will  be  preferred  as  the  most  economical  method  of 
speed  variation,  although  for  short  time  operation, 
either  resistance  or  inductance  may  be  used  to  good  ad- 
vantage, the  former  meaning  reduction  of  efficiency  and 
the  latter  reduction  of  power-factor.  The  use  of  con- 
densers may  be  resorted  to  as  soon  as  they  are  manu- 
factured commercially,  while  the  use  of  auxiliary  ma- 
chines will  be  considered  only  in  exceptional  cases,  be- 
cause of  their  cost.  Wherever  a  very  fine  adjustment  of 
speed  is  desirable,  the  use  of  inductances  in  the  form  of 
induction  regulators  is  often  advisable. 

With  most  other  types  of  single-phase  motors,  addi- 
tional possibilities  of  speed  variation  are  available,  due 
to  the  fact  that  two  or  more  separate  circuits  canying 
currents  proportional  to  the  load  current  are  available, 
either  or  both  of  which  may  be  made  the  subject  of 
variations.  In  connection  with  Fig.  2,  as  pointed  out  in 
a  previous  article,*  it  is  advisable  to  consider  the 
cross  field  C  and  the  armature  A  as  tlie  two  windings  of 
a  transformer  in  all  motors  of  the  transformer  type,  the 
transformer  conduction  type  and  the  series  type  with 
inductive  neutralization.  There  being  a  regular  trans- 
former action  between  these  two  windings,  any  voltage 
impressed  upon  tlie  cross  field  will  be  transformed  into 
the  armature  and  any  drop  in  either  of  the  wind- 
ings will  be  reflected  as  a  corresponding  reduction  of 
voltage    in   the    other.     It     is,    of    course,    necessary 


*"Single-phase  Commutator  Motor"  by  R.  E.  Hellmund  & 
J.  V.  Dobson,  in  the  Journal  for  March  1916,  p.  112,  Fig.  4. 
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in  all  these  cases  to  take  into  account  the  transformer 
ratio  of  the  two  windings  given  by  the  number  of  series 
connected  turns  in  each  of  the  windings  and  their  rela- 
tive distribution.  The  above  can  best  be  explained  by  a 
number  of  simple  examples.  Assume,  for  instance,  in 
iMg.  2  that  the  cross  field  and  armature  have  the  same 
distribution  and  number  of  turns  so  that  the  trans- 
former ratio  is  I  :i.  If  100  volts  be  impressed  upon  both 
the  armature  and  upon  the  cross  field,  the  total  so  called 
"equivalent"  voltage  of  the  armature  circuit  will  be  200 
volts,  100  \'olts  being  directly  impressed  by  conduction 
and  100  volts  being  transformed  into  it  by  trans- 
former action.  If  now  an  impedance  introduced  into  the 
armature  circuit  subtracts  50  volts  from  the  voltage 
impressed  upon  the  armature  (180  degrees  phase  rela- 
tion being  assumed)  there  is  a  difference  of  150  vol's 
between  the  total  voltage  supplied  by  the  line  and  the 
drops,  100  volts  being  directly  impressed  upon 
the  armature  but  reduced  to  50  by  the  impedance, 
and  100  volts  being  transformed  into  the  armature  by 
the  cross  field.  If  the  same  impedance  were  introduced 
into  the  cross  field,  similar  results  would  be  obtained. 
The  impedance  would  consume  about  50  volts  of  the 
100  volts  impressed  upon  the  cross  field  leaving  only 
50  volts  to  be  transformed  into  the  armature  In'  trans- 
former action,  which,  added  to  the  100  volts  directly 
supplied  to  the  armature,  would  give  again  150  arm- 
ature volts  to  be  consumed  by  the  counter  e.m.f. 

Assume  now  a  case  where  the  transformer  ratio 
between  the  cross  field  and  the  armature  is  2:1,  the 
cross  field  having  about  twice  as  many  turns  in  series 
as  the  armatrnx.  If  100  volts  be  impressed  directly  upon 
the  armature  and  200  volts  upon  the  cross  field,  the 
equivalent  voltage  in  the  armature  circuit  is  200  volts. 
This  is  due  to  the  fact  that  the  200  volts  impressed  upon 
the  cross  field  reappear  as  only  100  \-olts  in  the  armature 
with  a  transformer  ratio  of  2:1  and  adding  this  to  the 
100  volts  directly  impressed  gives  200  volts.  If  now  an 
impedance  consuming  about  100  volts  in  180  degree 
phase  relation  to  tlie  impressed  voltage  be  introduced 
into  the  cross  field  only  100  cross  field  volts  are  left  to 
transform  into  the  armature  which  will  reappear  as 
only  50  volts  on  account  of  the  2:1  transformer  ratio 
and  which  will  give  (added  to  the  100  volts  directly 
impressed)  150  armature  volts  to  be  consumed  by  the 
counter  e.m.f. 

These  same  general  relations  apply  not  only  to  the 
transformer  conduction  motor,  with  a  voltage  impressed 
upon  each  of  the  members,  but  also  if  no  voltage  is  im- 
pressed upon  one  of  the  members.  Assume,  for  in- 
stance, a  motor  with  the  armature  short-circuited,  th:it 
is  a  transformer  motor  and  a  transformer  ratio  of  2:1. 
If  now  400  volts  be  impressed  on  the  cross  field,  only 
200  volts  will  be  induced  in  the  armature  (transformer 
ratio  2:1)  and  this  is  the  total  equivalent.  If  an  im- 
pedance in  the  cross  field  circuit  subtracts  10 ) 
volts  from  the  400,  only  the  remaining  300  volts 
will  reappear  as  150  volts  in  the  armature.  The  same 
result  can  be    obtained    by    introducing   a    similar    im- 


pedance consuming  about  50  volts  in  the  armature 
circuit.  In  this  case  the  400  volts  impressed  upon  the 
cross  field  will  reappear  as  200  volts  in  the  armature 
circuit,  but  since  50  volts  are  used  up  by  the  impedance 
in  the  armature  circuit,  only  150  volts  will  be  left  to  1-e 
consumed  by  the  counter  e.m.f.  Siniila'dy,  it  would  be 
possible  to  reduce  elTectively  the  armature  voltage  by 
mtroducing  an  impedance  into  the  cross  field  circuit  of 
a  series  motor  with  inductive  neutralisation.  Since  the 
transformer  motor  and  the  series  motor  with  inductive 
neutralization  are  but  special  cases  of  the  transformer 
conduction  motor,  only  the  latter  will  be  considered 
hereafter,  it  being  evident  that  the  considerations  apply 
ing  to  the  general  motor  type  c;\n  similarly  be  applied 
to  the  special  cases. 
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Fig.  3  shows  transformer  T,  a  cross  field  winding 
C  connected  across  part  of  the  transformer  and  an 
armature  connected  across  another  part  of  the  same 
transformer.  The  torque  field  F  is  shown  in  series  with 
the  armature  in  this  and  some  of  the  other  figures  but 
the  considerations  regarding  the  changes  of  the  electro- 
motive force  would  apply,  even  if  this  fields  were  con- 
riected  in  to  some  other  circuit.  The  difference  would 
simply  be  that  the  voltage  reducing  injpcdance  of  the 
field  would  appear  in  some  other  circuit  but  reappear  in 
the  armature  circuit  on  account  of  transformer  action, 
etc.  As  is  evident  from  the  previous  considerations, 
speed  variation  couldbeaccomplished  by  vaiying  the  im- 
pedance in  either  of  the  two  circuits  of  Fig.  3  either  in 
size  or  phase.  Usually,  two  of  the  leads  shown  in  Fig.  3 
are  combined  into  one  lead  either  as  .shown  in  Fig.  4,  so 
that  this  lead  d  carries  the  difference  between  the  arma- 
ture and  cross  field  current  or  as  shown  in  Fig.  5  so  that 
the  lead  .y  carries  the  sum  of  the  cross  field  and  arma- 
ture current.  In  these  cases  additional  possibilities  are 
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introduced,  it  being  at  times  advisable  and  possible  to 
introduce  an  impedance  in  the  lead  d  or  in  the  lead  ^*. 
As  pointed  out  in  connection  with  the  series  motor, 
it  is  usually  preferable  to  vary  the  counter  e.m.f.  by 
varying  the  voltage  supplied  from  the  line  rather  than 
by  the  use  of  impedances,  if  a  voltage  regulating  trans- 
former is  available.  Thus,  it  is  possible  in  Fig.  3  to  in- 
crease the  motor  speed  either  by  increasing  the  distance 
between  i\  and  c.,,  or  between  a^  and  «.,  or  both.  In 
Fig.  4  the  same  result  can  be  accomplished  by  moving 
the  taps  (-  to  the  left  or  the  tap  a  to  the  right,  or  both, 
the  effective  impressed  voltage  being  increased  in  either 
case.  If  the  transformer  ratio  between  the  cross  field  and 
the  armature  is  I  :i,  the  shifting  of  the  tap  d  will  not 
appreciablv  affect  the  total  impressed  equivalent  voltage. 


Assume,  for  instance,  that  each  of  the  voltages  £c  and 
E'  is  100  volts,  then  the  total  ei^uivalent  voltage  intro- 
duced into  the  armature  circuit  will  be  200  with  a  trans- 
former ratio  1:1.  If  the  middle  tap  d  be  shifted  so  that 
for  instance  £«  is  150  volts  and  Ec  50  volts,  the  total 
equivalent  voltage  introduced  into  the  armature  circuit 
is  again  200  volts.  This  condition  changes,  however,  if 
the  transformer  ratio  is  different  from  I  :i.  Thus  with  a 
ratio  2  :i,  Ec  may  be  assumed  to  be  200  volts  and  £"«  100 
volts.  In  this  case  the  total  equivalent  voltage  intro- 
duced into  the  armature  circuit  is  200  volts.  If  now  the 
lead  d  be  moved  to  the  left  so  that  E-^  is  100  volts  while 
£«  is  200  volts,  a  total  equivalent  voltageof  250  volts  wi'l 
be  introduced  into  the  armature  circuit,  200  volts  be- 
ing directly  impressed  upon  the  armature  circuit  while 
the  100  volts  impressed  upon  the  cross  field  reappears 
as  50  volts  in  the  armature  circuit.  It  will  be  seen, 
therefore,  that  in  this  case  speed  variation  can  also  be 
accomplished  by  shifting  the  middle  tap.  If  the  motor 
is  designed  with  less  turns  in  the  cross  field  than  m 
the  armature,  speed  variation  can  similarly  be  accom- 
plished by  shifting  the  tap  d  in  the  opposite  direction. 

*Diagrams  of  the  possible  places  at  which  modifying  im- 
pedances can  be  introduced  are  given  in  the  Journal  for  Aug. 
'17,  p.  32J,  Figs.  4  to  10  in  connection  with  a  discussion  of 
phase  modifying  means. 


Referring  now  to  Fig.  5,  speed  variation  can  be 
obtained  by  shifting  either  or  both  of  the  taps  a  and  c 
to  the  left  in  order  to  increase  the  speed  or  by  shifting 
the  tap  i'  to  the  right  thereby  increasing  the  voltage  of 
the  two  circuits  simultaneously. 

The  fact  that  the  voltage  of  two  separate 
circuits  can  be  varied  introduces  .-ulditional  possi- 
bilities for  the  speed  variations  even  if  no  volt- 
age transformer  is  available.  Such  a  case  is 
shown  in  Fig.  6.  One  speed  may  be  obtained  by  impress- 
ing a  given  fixed  line  voltage  upon  the  cross  field  cir- 
cuit while  the  armature  is  short-circuited;  a  second 
speed  can  be  obtained  by  impressing  the  given  line  volt- 
age upon  both  the  armature  and  cross  field  circuit.  The 
ratio  of  the  two  speeds  thus  obtainable  can  be  adjusted 
to  most  any  desired  amount  by  properly  choosing  the 
transformer  ratio  between  the  cross  field  and  armature. 

In  the  foregoing,  the  transformer  ratio  between 
armature  and  cross-field  windings  was  shown  to  effect 
the  equivalent  impressed  armature  voltage  materially. 
Any  means  adopted  to  change  this  ratio  will  therefore 
be  at  the  same  time  an  additional  means  for  effecting 
speed  variation.  As  pointed  out  in  the  beginning  it  is 
usually  impractical  to  change  the  series  connected  arma- 
ture-turns; it  is  however  quite  feasible  to  , affect  the 
transformer  ratio  by  varying  the  series  connected  cross- 
field  turns.  The  cross-field  of  a  transformer  motor  for 
instance  may  be  wovmd  in  two  parts  Cj  and  C„,  one  or 
both  of  which  may  be  connected  into  circuit  as  shown  in 
Fig.  7  by  closing  either  switch  /  or  2.  Another  possi- 
bility is  shown  in  Figs.  8(a)  and  (b)  which  show  again 
a  two-part  cross-field  C^  C.,,  the  two  parts  being  con- 
nected in  series  in  Fig.  8  (a)  and  in  parallel  in  Fig.  8 
(b)  thus  giving  two  different  transformer  ratios  and 
therefore  two  speeds. 

When  several  straight  series  motors  are  available, 
there  are  the  same  possibilities  for  series-pai"allel  con- 
trol as  with  direct-current  motors.  With  motors  having 
two  separate  circuits  and  transformer  action  between 
the  armature  and  the  cross  field,  additional  possibilities 
are  again  obtained  by  the  fact  that  series-parallel  con- 
trol can  be  applied  to  the  various  motor  circuits  indi- 
vidually. Thus  in  Fig.  p  (a),  the  cross  fields  of  the 
two  motors  are  connected  in  series  and  the  armatures 
are  short-circuited.  Each  cross  field  has  thus  half  line 
voltage,  which  is  transformed  into  the  armatures.  In 
Fig.  p  (b)  both  cross  fields  are  connected  in  series 
across  the  line  and  both  armatures  are  also  connected  in 
series  across  the  line.  Each  armature  and  each  cross 
field  receives,  therefore,  one-half  of  the  line  voltage  so 
that  the  equivalent  armature  voltage  of  each  motor  is 
made  up  of  one-half  of  the  line  voltage  impressed  di- 
rectly on  the  armature  plus  one-half  of  the  line  voltage 
impressed  upon  each  cross  field  and  transformed  into 
the  armature.  The  next  step  is  obtained  in  Fig.  p  (c) 
with  the  two  cross  fields  connected  in  parallel  across  the 
line  and  the  two  armatures  connected  in  series  across 
the  line.  The  last  step  is  obtained  in  Fig.  p  (d)  with  the 
two  cross  fields  and  the  two  armatures  connected  in 
parallel  across  the  line. 
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The  speed  of  the  motors  can  also  be  varied  by 
var3ing  the  lield  strength,  as  is  evident  from  the  funda- 
mental lavvgivenat  the  beginning ;  the  speed  being  higher 
with  a  weaker  field.  The  possibilities  for  varying  the  field 
strength  are  again  much  more  numerous  with  alternat- 
ing-current than  with  direct-current  motors.* 

Since  more  economical  motor  utilization  is  obtained 
by  counter  e.m.f.  variation  than  by  field  variation,  the 
latter  is  usually  not  used  for  speed  regulation  when  a 
voltage  transformer  is  available.  In  the  absence  of  such 
a  transformer  many  of  the  possibilities  for  field  varia- 
tion are,  however,  desirable  for  practical  use.  Thus  Fig. 
10  (a)  shows  a  case  where  one  possible  speed  is  ob- 
tained by  exciting  the  main  field  by  the  sum  of  the 
armature  and  cross  field  current.  A  second  speed  is  ob- 
tained in  Fig.  10  (b)  by  excitinglhe torque  field  with  the 
armature  current  only.  If  the  cross  field  current  is 
smaller  than  the  armature  current  on  account  of  the 


*A  detailed  discussion  of  most  possil>iliUcs  along  this  line 
was  given  in  the  Jouhnal  lor  Aug.  '17,  Figs.  20  to  30  and  the 
discussion  on  field  weakening  from  the  standpoint  of  commu- 
tation. All  possibilities  for  varjing  the  field  strength  given 
there  may  be  applied  for  the  pmpose  of  si)eed  regulation  as 
well. 


fact  that  a  transformer  ratio  larger  than  1:1  has  been 
used,  a  third  speed  can  be  obtained  as  shown  in  Fig. 
io  (c)  byexcituig  the  field  by  the  smaller  cross  field  cur- 
rent. Many,  similar  cases  could  be  given  but  it  is  be- 
lieved that  the  previous  examples  of  methods  for  vary- 
ing the  speed  of  alternating-current  motors  are  suffi- 
cient to  illustrate  the  great  flexibility  of  speed  adjust- 
ment of  the  alternating-current  commutator  motor  with 
stator  excitation. 

It  is  evident  that  the  number  of  possibilities  is 
vastly  increased,  if  combinations  of  the  various  funda- 
mental methods  for  affecting  speed  variations  are  con- 
.sidered.  One  of  the  most  commonly  used  among  such 
combinations  is  the  mechanical  shifting  of  the  armature 
brushes,  which  is  equivalent  to  a  simultaneous  change 
of  the  effective  torque-field-turns,  of  the  effective  cross- 
lield  turns,  accompanied  by  a  corresponding  change  in 
ihe  transformer  ratio  and  of  a  change  in  the  inductive 
drops.** 


**The  case  of  brush  shifting  is  somewhat  involved,  but 
of  sufficient  practical  interest  to  justify  its  treatment  in  a 
separate  article  to  appear  in  a  future  issue. 
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1405 — Rated  Voltage  Determination — 

Could  a  saturation  test  be  applied  to 

determine    the    proper    voltage    of    a 

motor   without   a   name  plate   voltage 

rating,  or  would  some  other  method 

be  preferable?  w.j.j.    (Ontario.) 

//  it   is  ail  alicrnaliiig-cunent  motor, 

arrange    for    an    adjustable    alternating 

voltage   and   start   with   about   50  volts, 

raising  it  till   the  motor  starts   to   turn 

over.     Have  a  tachometer  on  the  motor 

so    that   it   can   be    disconnected   if    the 

speed    exceeds     1800    r.p.m.      Assuming 

that  60  cycles  is  being  used  for  the  test 
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FIG.   1495  (a) 

the  r.p.m.  will  probably  indicate  whether 
or  not  it  is  a  60-cycle  motor,  as  a  25- 
cycle  motor  would  hardly  be  other 
than  two  or  four  pole.  Having  deter- 
mined the  frequency,  increase  the  volt- 


age by  about  25  volt  steps  and  read  the 
amperes  as  in  taking  a  running  satura- 
tion curve.  The  nearest  standard 
voltage,  no,  220,  440  or  550,  that  gives 
a  value  greater  than  1. 1  and  not  over 
1.75  for  the  saturation  factor,  as  shown 
in  Fig.  (a),  is  probably  the  correct 
voltage.  A  reading  of  power-factor, 
efficiency  and  torque  can  then  be  taken 
under  load  and  a  temperature  run  at  a 
load  to  give  about  30  degrees  rise  at  the 
end  of  four  hours.  From  this  data  it 
is  possible  to  form  a  correct  idea  of  the 
proper  voltage  and  horse-power. 

//  it  is  a  direct-current  viotor  apply 
the  following : — It  is  assumed  that  the 
motor  has  a  name  plate,  but  that  the 
voltage  rating  is  not  given  thereon. 
The  best  method  to  be  employed  in 
determining  the  proper  voltage  rating 
depends  upon  what  information  the 
name  plate  gives.  The  following  will 
illustrate  possible  procedures: — I — li 
horse-power  and  amperes  are  given, 
assume  efficiency  and  calculate  voltage 
from  the  formula.  Volts  =  ' 
HP  X  746 

Amperes  X  Percent  Efficiency 
For  example :  —  If  the  hp  equals 
10  and  amperes  equals  40,  assum- 
ing the  efficiency  equal  to  0.81  gives  230 
volts.  2 — If  speed  is  given,  a  saturation 
test  may  be  made  on  the  machine  at 
rated  speed.  From  the  saturation  cnrt-e, 
plotted  between  generated  volts  and 
field  amperes,   the  approximate  voltage 


rating  may  be  determined  as  its  value 
will  fall  near  the  knee  of  the  saturation 
curve.  3 — If  rated  speed  is  not  known 
the  motor  may  be  given  a  heat  run  at 
an  assumed  value  of  voltage  and  the 
correctness  of  the  assumption  will  be 
indicated  by  the  temperatures  in  the 
various  parts  of  the  machine. 

A.M.D.  and  R.L.W. 

1496 — Re  1435 — I  was  interested  in 
your  reply  to  question  1435  in  the 
March  Journal  regarding  a  disabled 
transformer  on  a  rotary  converter. 
We  had  a  similar  experience  and  not 
knowing  that  the  rotary  converter 
could  be  operated  at  all,  we  kept  it 
shut  down  until  we  obtained  another 
transformer.  In  case  it  should  happen 
again,  will  you  please  let  me  know  the 
following:— (i)  Could  the  rotary 
converter  be  started  from  the  alter- 
nating-current side  with  one  trans- 
former cut  out.  (2)  Would  the  ratio 
between  the  alternating-current  and 
direct-current  voltage  be  the  same  as 
before.  (3)  Would  the  action  of  the 
induction  regulator  be  affected  in  any 
way.  All  six  leads  from  the  trans- 
formers to  the  rotary  converter  pass 
through  the  regulator.  The  converter 
is  1000  k.w.,  six-phase,  diametrically 
connected.  There  are  two  starting 
voltages,  the  machine  being  started  by 
two,  three-pole  double-throw  knife 
switches.  The  rotary  converter  is 
running  parallel  with  a  number  of 
direct-current      generators      used      in 
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electrolytic  work.  The  regulator  is 
used  for  varying  the  load  on  the 
rotary  converter.  r.mck.    (n.   h.) 

(l)  The  rotary  converter  can  be 
started  in  the  usual  way  after  the  dis- 
abled transformer  has  been  discon- 
nected from  the  starting  switch.  (2) 
The  ratio  will  be  approximately  the 
same  as  when  the  three  transformer 
units  are  connected.  (3)  The  action  of 
the  induction  regulator  will  not  be 
affected.  JFP- 

1407— Cutting  cm-  .\rm.\ture  Con.— 
Show  by  diagram  which  commutator 
bars  you  would  have  to  short-circuit, 
to  cut  out  burned  out  armature  coil, 
for  a  four-pole,  two-circuit,  wave- 
wound  armature  of  49  slots,  97  bars, 
the  connecting  pitch  being  i  to  40  or 
I  to  SO.  I  refer  to  the  method  of 
short-circuiting  two  bars  on  one  side 
of  the  commutator,  and  two  bars  on 
the  opposite  side,  without  running  a 
long  jumper  around  the  commutator. 
C.A.K.    (n.y.) 

Fig.  (a)  shows  a  portion  of  the  wind- 
ing diagram  of  the  armature,  for  the 
case  of  a  retrogressive  winding  with  a 
connecting  pitch  of  i  to  49.  If  the 
burned  out  coil  is  between  commutator 
bars  47  and  95,  disconnect  it   from  the 


Itlast    furnace   to   the   electric    furnace 
be  a   practical   procedure? 

J.    s.    W.    (MINN.) 

The  practicability  of  the  process  of 
using  pig  iron  from  the  blast  furnace 
in  an  electric  furnace  depends  entirely 
on  the  cost  of  electric  pow-er.  The 
greatest  advantage  in  the  use  of  an 
electric  furnace  is  the  closeness  with 
which  the  chemical  analysis  of  the  steel 
can  be  controlled,  resulting  in  a  con- 
tinuous output  of  high  grade  and  luii- 
form  steel.  The  electric  furnace  is, 
therefore,  especially  advantageous  in 
making  alloy  and  special  analysis  steel. 
In  the  production  of  large  quantities 
of  electrical  steel,  it  has  been  found 
more  practical  to  use  a  duplex  process. 
That  is,  the  steel  is  taken  from  the 
bessemer  converter  or  open  hearth 
furnace  in  the  molten  state,  and  the 
final  refining  accomplished  in  the 
electric  furnace.  By  this  process,  the 
greatest  economy  is  effected  in  the  use 
of  power,  and  steel  is  produced  at 
lowest  cost  and  in  large  quantities. 
The  electric  furnace  has  even  been 
used  to  reduce  ore,  and  there  is  _one 
installation  of  this  character  in  Cali- 
fornia, and  another  which  is  about  to 
be  installed  in  Canada.  The  Canadian 
installation  will  make  low  phosphorous 


power-factor  meter  accomplish  this, 
since  the  currents  in  the  leads  are  67 
degrees  behind  the  e.m.f.'s? 

w.c.s.  (can.) 
This  question  is  answered  by  a  de- 
scription of  the  connections  of  a  three- 
phase  power-factor  meter.  As  shown 
in  Fig.(c)  the  current  coils  are  con- 
nected in  one  phase  and  a  voltage  coil  is 
connected  from  this  phase  to  each  of 
the  other  two.  At  100  percent  power- 
factor  the  voltage  of  one  of  these 
phases  leads  the  current  by  30  degrees 
and  in  the  other  phase  it  lags  30  degrees, 
and  the  torques  of  the  two  coils  bal- 
ance.     A    change    in    power-factor    in- 
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commutator  at  a  and  h  and  cut  it  at  c 
if  it  has  more  than  one  turn.  Then 
connect  commutator  bars  46  to  47,  and 
94  to  95  and  disconnect  the  coil  between 
bars  95  and  46  at  a'  and  b' .  Or  con- 
nect bar  95  to  96  and  47  to  48  and  dis- 
connect the  coil  between  bars  96  and  47 
at  a"  and  b" .  For  the  case  of  a  pro- 
gressive winding  with  a  connecting 
pitch  of  I  to  50,  the  winding  diagram  is 
shown  in  Fig. (b).  If  the  burned  out 
coil  is  between  commutator  bars  3  and 
52,  disconnect  it  from  the  commutator 
at  a  and  b  and  cut  it  at  c,  if  it  has 
more  than  one  turn.     Then  connect  bars 

3  to  4  and  52  to  53  and  disconnect  the 
coil   between   commutators   bars   52  and 

4  at  a'  and  b' .  Or  connect  bars  2  to  3 
and  51  to  52  and  disconnect  the  coil  be- 
tween bars  5:  and  3  at  a"  and  b" . 

CM.  I.. 

1498 — Electric  Furnace  Adjacent  to 
A  Blast  Furnace— I  would  appre- 
ciate an  opinion  regarding  the  prac- 
ticability of  installing  an  electric 
furnace  adjacent  to  a  blast  furnace— 
the  idea  being  to  use  the  molten 
metal  from  the  blast  furnace  as  a 
charge  for  the  electric  furnace,  in- 
stead of  cold  scrap.  The  blast  fur- 
nace manufactures  charcoal  iron  and 
the  electric  furnace  is  proposed  to 
manufacture  steel  castings.  Would 
the  charge  of  molten  metal  from  the 


iron,  for  which  there  is  considerable 
demand  at  this  time.  Present  condi- 
tions make  the  electric  furnace  process 
more  profitable  than  it  probably  will 
be  in  normal  times.  Mr.  Robt.  Turn- 
bull,  Consulting  Engineer,  of  Welland, 
Ont.,  has  stated  that  today  steel  can  be 
made  by  the  electric  furnace  cheaper 
than  by  any  other  process,  except  the 
basic  open  hearth.  To  quote  him, 
"electric  steel  is  being  made  in  Canada 
today  at  15  to  18  dollars  a  ton  cheaper 
than  by  the  acid  open-hearth  process. 
This  difference  in  cost  is^  due  to  the 
high  priced  materials  required  for  the 
open-hearth  process,  and  to  the  com- 
paratively low  priced  scrap  than  can 
be  used  as  the  electric  furnace  charge." 
A.  G.   a. 

1499— Power-Factor  Meter  Connec- 
tions— Re — problem  I  in  article  on 
"Notation  for  Polyphase  Circuits"  in 
the  Journal  for  September  1907,  p. 
407.  Currents  I,,n  Ibc  Ic.\  lag  37 
degrees  behind  the  e.m.f.'s  as  shown 
in  Fig. (b)  corresponding  to  a  power 
factor  of  80  percent.  Therefore  the 
currents  Ia'a  Ib'b  Ic'c  lag  approxi- 
mately 67  degrees  behind  the  e.m.f.'s 
Eab,  Enc,  EcA.  I  presume  a  power- 
factor  meter  connected  in  the  meter 
leads  would  read  the  power-factor  of 
the  motor  as  given  in  the  problem, 
i.  e.,     80     percent     How     does     the 
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FIG.  1499(a),  (b)  and  (c) 

creases  the  lead  on  one  phase  voltage 
and  decreases  the  lag  of  the  other,  or 
vica  versa,  causing  a  relative  change  in 
the  torques  of  the  two  coils  and  causing 
them  to  assume  a  new  position.  It  will 
be  seen  from  the  above  description  that 
the  power-factor  meter  can  readily 
register  a  power-factor  of  0.8  corres- 
ponding to  a  lag  of  37  degrees,  although 
the  currents  in  the  leads  are  67  degrees 
behind  the  e.m.f.'s.  c.r.r. 

1500 — Induction  Motor  Noise — A  four 
horse-power,  50  cycle,  six-pole,  125 
volt  induction  motor,  designed  for  a 
large  starting  torque,  produces,  when 
set  in  motion,  a  knocking  sound, 
which  is  no  longer  heard  after  the 
motor  is  well  started  and  begins  to 
run  at  normal  load.  The  bearings 
are  in  good  condition  and  the 
squirrel-cage  rotor  does  not  rub  the 
stator  at  any  point.  The  air-gap  is 
uniform,  but  the  size  of  shaft  appears 
a  little  small  relative  to  the  mass  of 
the  rotor.  What  could  be  the  cause 
of  the  sound?  How  could  it  be 
eliminated?  C.    s.    (italy) 

The  description  would  lead  to  the 
suspicion  that  the  shaft  was  deflecting 
during  the  starting  period  and  actually 
allowed  the  motor  to  strike  the  stator. 
this  can  be  proved  optically  by  looking 
through  the  air-gap,  or  clearance  be- 
tween the  stator  and  rotor  toward  a 
source  of  light  while  the  motor  is  at 
rest  and  then  having  someone  else 
start  the  motor.  If  the  shaft  is  de- 
flecting, the  air-gap  can  be  seen  to 
actually  change  and  the  rotor  approach 
the  stator.  This  condition  can  be 
remedied  if  the  windings  can  be  con- 
nected in  parallel  in  such  a  way  as  to 
secure  a  better  magnetic  balance.  It 
is  the  tendency  of  a  squirrel-cage  rotor 
winding  when  of  low  resistance  (say 
three  or  four  percent  slip)  to  allow 
corrective  or  balancing  currents  to  flow 
which  prevent  distortion  of  the  mag- 
netic field  and  hence  prevent  a  tendency 
toward  unbalanced  magnetic  pull.  How- 
ever,   in    a    motor    arranged    for    high 
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starting  torque,  as  in  this  case,  the 
secondary  resistance  is  high  and  the 
balancing  currents  are  to  some  extent 
interfered  with,  thus  allowing  un- 
balanced magnetic  pull  which  produces 
noise  and  perhaps  actual  mechanical 
striking  of  the  rotor  on  the  stator.  The 
windings  of  each  phase  should  be  so 
paralleled  as  to  balance  one  half  the 
circumference  against  the  other  half. 
By  doing  this  and  starting  each  phase 
at  120  mechanical  degree  intervals 
around  the  machine,  the  trouble  will 
probably  be  cured.  If  the  turns  in  the 
windings  are  already  all  in  series  and 
the  groups  are  in  series,  this  cannot  be 
done  unless  the  motor  can  be  operated 
on  one-half  its  present  voltage  after 
being  connected  in  parallel.  See  also 
"Design  of  Electrical  Machines  for 
Quiet  Operation"  by  G.  Pontecorvo, 
Vol.  X,  Sept.,  '13,  p.  860.  A.  M.  D. 

1501— Cast  Iron  Bearings— What  are 
the  objections  to  cast  iron  bearings 
for  motors  and  generators?  The  old 
Edison  machines  had  cast  iron  bear- 
ings lined  with  babbit  in  spiral 
grooves.  So  did  some  of  the  General 
Electric  multipolar  machines,  and  so 
far  as  I  know  these  bearings  gave 
excellent  service.  I  have  recently 
overhauled  motors  and  put  in  all 
cast  iron  bearings  and  they  have 
given  just  as  good  service  as  either 
a  bronze  or  babbit  bearing. 

s.  M.  (ill.) 
The  use  of  cast  iron  bearings  is  one 
of  the  things  which  has  been  suggested 
periodically  for  many  years  past.  The 
prime  object  seems  to  be  the  saving 
expected.  The  service  is  never  ex- 
pected to  be  more  than  "just  as  good." 
If  the  question  applies  to  solid  bearings 
and  average  sizes,  say,  between  1.5  and 
four  inches  diameter,  the  cast  iron 
bearing  has  no  attraction  from  a  cost 
standpoint  as  the  special  grade  of  cast 
iron  required,  the  large  amount  of 
machining,  the  cutting  of  oil  grooves, 
etc.,  all  tend  to  increase  the  cost  com- 
pared with  the  modern  bearing  made 
from  die  castings  or  from  babbit  lined 
steel  tubing.  The  cast  iron  bearing 
with  proper  grade  of  material  and  free 
from  hard  spots  can  be  made  to  work 
satisfactorily  at  the  lower  speeds.  The 
running  temperatures  are  undesirably 
high,  there  is  a  tendency  to  warping 
and,  cast  iron  being  comparatively 
brittle,  the  bearing  is  not  as  strong  as 
the  steel  shell  bearing.  Cast  iron 
bearings  with  a  zinc  coating  on  the  in- 
side (sherardized)  have  been  tried  by 
some  motor  manufacturers  but  they  did 
not  compare  favorably  with  the  babbit- 
lined,  steel-shell  bearing  which  is  the 
most  successful  type  for  the  sizes 
under  discussion.  C.  \V. -S. 

1502 — Brush     Trouble  —  What     would 
cause    two    brushes     to    wear    away 
faster   than    the   other   two   when   all 
four  brushes  arc  of  the  same  grade? 
T.  B,  F.   (kans.) 
On  any  direct-current  machine,  those 
brushes    where    the   current   goes    from 
brush    to   commutator   will    wear   away 
more  rapidly  than  the  others.     That  is, 
the  positive  brushes  on  a  motor  or  the 
negative    brushes    on    a    generator    will 
show  the  greater  wear.     This  is  due  to 
the  fact  that  minute  particles  of  carbon 
are  carried  away  from  the  brush  by  the 
current  and  are  deposited  on  the  com- 
mutator.    In    the   case    of    four    similar 
brushes   the    fact   that   two   wear   away 
faster  than  the  other  two  is   explained 
by  the  above,  if  two  brushes  are  posi- 


tive and  two  negative.  If  all  four 
brushes  are  on  the  same  arm  and  con- 
sequently of  the  same  polarity,  a  differ- 
ence in  "brush  tension,  or  in  the  shunts 
may  cause  two  brushes  to  carry  a 
larger  part  of  the  current  than  the 
other.  If  direction  of  current  is  from 
brush  to  commutator  the  brushes  carry- 
ing the  larger  current  will  wear  away 
the  more  rapidly  since  the  removal  of 
carbon  by  the  current  increases  with 
the  increase  of  current.  R.  w.  o. 

1503  —  Three-Phase  to  Two-Phase 
Transform.\tion  —  If  two  single- 
phase  interchangeable  transformer 
units  are  connected  to  give  three- 
phase  to  two-phase,  (a)  is  the  system 
balanced?  (b)  How  are  the  power- 
factor  and  distribution  of  load  on  the 
secondary  two-phase  side  affected,  or 
does  that  only  depend  on  the  ex- 
ternal load?  (c)  Is  the  system 
satisfactory  at  a  low-  power-factor, — 
55  percent  or  so?  (d)  What  would 
be  the  current  drawn  from  the  three 
primary  lines,  also  would  the  currciVt 
be  equal,  especially  W'ith  an  un- 
balanced load  and  a  low-power 
factor?  w.c.K.   (eng.) 

(a)  The  system  is  entirely  balanced 
only  at  no-load.  The  regulation  is  not 
the  same  for  all  three  or  both  phases 
as  the  case  may  be,  and  therefore 
under  a  load  the  voltages  arc  un- 
balanced. The  unbalancing  due  to 
regulation  is  generally  so  small  that  it 
is  negligible,  (b)  The  power-factor  on 
the  secondary  side  depends  only  on  the 
external  load.  The  distribution  of  load 
is  slightly  affected  by  the  slight  un- 
balancing of  the  voltages,  (c)  If  the 
transformers  are  properly  designed  for 
three-phase  to  two-phase  operation,  the 
system  should  operate  satisfactorily  at 
low  power-factors,  (d)  With  balanced 
two-phase  loads  the  currents  in  the 
1.15  X  1= 

three-phase  lines  are  ,  where  m 

m 
is  the  ratio  of  three-phase  to  two-phase 
voltage  and  i:  is  the  load  current  in  one 
phase  of  the  two-phase  side.  The  cur- 
rents in  the  three-phase  lines  are  bal- 
anced for  all  balanced  two-phase  loads 
irrespective  of  their  power-factor.  For 
unbalanced  two-phase  loads,  the  line 
currents  on  the  three-phase  side  are  un- 
balanced. J.F.I'. 

1504 — Demand  Meter  Reading  in  Coal 
Mine — What  relation  exists  in  the 
demand  as  read  by  the  same  type 
demand  meter,  one  over  a  15  minute, 
the  other  over  a  five  minute  inte- 
grated period  on  bituminous  coal 
mine  service,  assuming  a  plain  drift 
variety  mine  using  electric  machines, 
haulage  and  fan  motors?  How 
would  the  two  demands  be  affected 
in  the  case  of  a  shaft  mine? 

P.G.F.    (VV.VA.) 

An  answer  to  this  question  will  be 
found  in  a  paper  entitled  "Mining 
Loads  for  Central  Stations"  by  Wilfred 
Sykes  and  Graham  Bright,  which  was 
read  before  the  American  Institute  of 
Electrical  Engineers,  April  19th,  IQI3- 
This  paper  shows  that  taking  a  15  min- 
ute peak  load  as  a  basis,  a  10  minute 
peak  will  be  four  percent  greater  and 
a  five  minute  peak  6.5  percent  greater, 
for  mining  load  where  hoisting  is  not 
required.  Where  shaft  hoisting  is  used, 
the  ID  minute  peak  might  possibly  be 
six  percent  greater  than  the  15  minute 
peak  and  the  five  minute  peak  about 
nine  percent  greater  than  the  15  minute 
peak.  G.B. 


1505  —  Testing  Induction  Motors  — 
Please  give  the  method  used  in  test- 
ing large  induction  motors  on  equiva- 
lent load  runs,  that  is  those  too  large 
to  be  tested  by  direct  belt  or  brake 
methods.       c.t.s.    (British   Columbia) 

A  compromise  or  equivalent  load  run 
IS  sometimes  made  on  large  induction 
motors  by  the  reversed  rotation  method. 
By  means  of  a  separate  driving  motor, 
the  rotor  is  driven  at  normal  full-load 
speed  in  a  direction  opposite  to  that  in 
which  it  has  a  tendency  to  turn  when 
current  is  applied  to  the  stator.  The 
voltage  impressed  on  the  stator  is  ad- 
justed to  give  the  current  corresponding 
to  any  load.  This  method  gives  tem- 
perature rises  somewhat  higher  than 
those  obtained  under  normal  conditions, 
because  double  frequency  currents  arc 
induced  in  the  secondary  due  to  re- 
versed rotation,  whereas  under  normal 
conditions  the  secondary  frequency  is 
very  low.  This  abnormal  condition  re- 
sults in  extra  loss  in  the  secondary 
which  causes  undue  heating  in  both  the 
stationary  and  revolving  elements.  The 
method  is  therefore  not  entirely  satis- 
factory. The  following  very  satis- 
factory method  is  often  used  when  two 
motors  of  the  same  design  are  available 
and  the  proper  power  circuits  can  be 
had.  The  shafts  of  the  two  motors  are 
coupled  to  each  other ;  one  machine 
being  supplied  with  power  of  the  proper 
characteristics ;  the  other  is  operated 
as  a  generator  feeding  back  into  a 
power  circuit  of  a  frequency  somewhat 
less  than  that  of  the  motor  supply. 
The  difference  between  the  two  fre- 
quencies employed  will  correspond  to 
the  sum  of  the  frequencies  in  the 
secondaries  of  the  two  machines.  If 
each  of  two  60-cycle  machines  has  a 
slip  of  three  percent,  the  difference  in 
frequencies  of  the  two  power  circuits 
will  be  six  percent  of  60  cycles  or  3.6 
cycles.  In  that  case,  it  would  be  neces- 
sary to  employ  power  circuits  having 
frequencies  of  60  and  56.4  cvcles.  Such 
circuits  are  readily  available  on  the 
test  floors  of  modern  manufacturing 
companies.  The  load  is  regulated  by 
means  of  varying  the  frequencies  of 
cither  or  both  of  the  power  circuits. 
As  normal  frequency  is  desirable  for 
the  motor,  the  frequency  of  the  power 
circuit  into  which  the  duplicate  machine 
feeds  is  usually  regulated  to  secure  the 
desired  load.  See  also  papers  on  this 
subject  bv  Mr.  A.  M.  Dudley  ct.  at.  in 
the   Trans.  A.I.E.E.,  Vol.  XXXII,  Feb. 

I913.  E.M.O. 

1.106 — Induction  Motor  Operation- 
How  will  it  affect  the  stator  of  a  75 
hp,  three-phase,  60  cytle,  440  volt, 
squirrel-cage  induction  motor  to  re- 
place its  rotor  by  one  out  of  a  lOO  hp 
motor,  the  laminations  of  which  will 
extend  1.37  inches  over  each  side  of 
the  75  hp  stator  laminations?  The 
motor'  in  question  is  heavily  loaded 
and  subject  to  100  percent  overload 
at  times.  f.w.   (tenn.) 

It  will  have  no  effect  on  the  stator  in 
the  way  of  increasing  the  capacity.  It 
may  have  the  effect  of  causing  the 
stator  to  run  warmer,  as  the  wide  rotor 
core  will  interfere  w^ith  the  ventilation 
between  the  straight  parts  of  the  stator 
coils  just  outside  the  core,  which  is 
one  of  the  most  efficient  points  of  venti- 
lation. This  would  be  the  wrong  thing 
to  do  if  it  was  hoped  to  make  the  motor 
run  cooler  or  increase  its  capacity. 

A.M.D. 
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Hand-Operated  Circuit  Breakers 


A  hand  circuit  breaker  is  generally  considered  capable 
of  opening  the  circuit  in  case  of  a  short-circuit,  ground  or 
overload  on  the  car  of  any  description.  This  belief  has  been 
established  in  the  past  by  the  fact  that  relativclj'  low  line 
voltages,  poor  line  regulation  and  low  station  capacities  have 
existed.  However,  with  increased  station  capacities  and 
voltages,  higher  settings  of  station  circuit  breakers,  and  better 
conditions  of  line  regulation,  the  duties  imposed  on  car  circuit 
breakers  are  very  much  more  severe  than  ever  before.  While 
the  actual  breaking  capacity  of  a  hand  circuit  breaker  is  de- 
pendent upon  the  line  conditions  mentioned,  it  is  also  essential 
that  it  I)e  maintained  in  its  most  efficient  operating  condition 
if  it  is  to  perform  its  work  effectively. 

MAINTENANCE  AND  INSPECTION 

A  circuit  breaker  can  be  maintained  with  very  little 
trouble,  if  cared  for  systematically  at  inspection  periods.  It 
should  be  opened  and  examined  carefully  for  wear,  dirt,  loose 
parts  or  damage  of  any  kind.  Blowout  coils  should  be  ex- 
amined for  evidence  of  heating,  should  be  dusted  off  and 
tightened  if  loose  or  chafing.  Contacts  should  be  smoothed 
up  with  a  file,  after  which  they  should  be  lubricated  slightly 
by  applying  a  thin  coating  of  "HL"  oil,  or  a  good  grade  of 
vaseline.  Shunts  should  be  examined  for  fraying  and  break- 
age. Arc  chutes  should  be  examined  for  burning  and  dirt. 
The  mechanical  parts  should  work  freely  and  positively  and 
badly  worn  pieces  should  be  replaced.  A  drop  or  two  of  oil 
should  be  used  to  hibricate  the  parts  and  to  prevent  rusting 
of  the  bearing  pins,  care  being  taken  to  see  that  no  surplus 
oil  is  left  to  gather  dirt.  The  circuit  breaker  setting  should 
be  correct,  and  the  tripping  mechanism  in  good  condition. 

OVERHAULING 

The  circuit  breaker  should  be  removed  from  the  car  and 
taken  to  a  bench  where  it  should  be  taken  apart,  the  blowout 
coil  thoroughly  cleansed  and  painted  with  an  air-drying 
insulating  varnish,  the  box  should  be  cleaned  thoroughly  and 
painted  in  the  same  way,  all  worn  mechanical  parts  replaced, 
and  all  other  parts  thoroughly  cleaned.  Overhauling  in  this 
way  should  make  the  device  as  good  as  new. 

TESTING  AND  CALIBRATING 

After  re-assembling,  the  insulation  between  the  li\e  parts 
and  the  box,  and  also  between  contacts  should  be  tested  with 
the  circuit  breaker  open,  by  applying  not  more  than  1500  volts 
alternating  current  for  one  minute.  Next,  the  calibration 
should  be  checked.  The  most  reliable  calibration  is  obtained 
with  the  circuit  breaker  mounted  in  its  regular  position  on  the 
car.  Such  a  test  is  difficult,  however,  and  a  bench  test  is 
usually  more  convenient. 

A  bench  testin.g  outfit  usually  consists  of  a  mounting 
board,  an  ammeter  and  some  method  for  securing  a  variable 
current.  The  mounting  board  can  be  arranged  so  that  the 
circuit  breaker  can  be  placed  in  approximately  the  same  posi- 
tion as  it  is  on  the  car.  Three  methods  for  varying  the  cur- 
rent are  in  common  use. 

I — The  Liquid  Rheostat  is  satisfactory  for  infrecpicnt  use, 
but  its  resistance  changes  with  change  in  temperature  and 
density  of  electrolyte,   requiring  continual  adjustment. 

2 — The  Grid  Resistor  method  is,  perhaps,  the  most  satis- 
factory for  general  railway  work.  It  tends  to  avoid  accidents 
and  presents  a  much  better  appearance,  as  the  grids  may  be 
mounted  so  as  to  save  valuable  floor  space.  Fig.  i  shows  a 
method  of  connecting  grid  resistors  in  circuit  so  that  any 
multiple  of  25  amperes  may  be  obtained  up  to  and  including 
1575  amperes.  This  is  accomplished  by  employing  six  knife 
switches,  and  is  used  where  calibrations  are  made  frequently. 
The  resistor  method  has  the  disadvantage  of  allowing  no  finer 
divisions  in  the  current  than  is  provided  for  by  the  lowest 
division  of  the  resistance. 

3— A  Motor-Generator  Set  forms  an  expensive  method  of 
obtaining  variable  current  unless  used  extensively,  or  where 
the  power  saving  more  than  offsets  the  high  initial'  cost.  Such 
a  machine,  however,  may  be  used  for  other  purposes,  such  as 
welding,  cutting,  battery-charging,  electro-plating,  etc.,  and  may 
be  adapted  for  circuit  breaker  calibration  by  the  insertion  of 
a  relatively  low  resistance  in  series  with  the  circuit  breaker. 


FIG. 


OVERLOAD  SETTING 

The  effectiveness  of  a  circuit  breaker  is  increased  by 
setting  it  as  low  as  possible.  Xo  definite  rules  can  be  laid 
down  for  all  cases,  but  the  average  installation  requires  an 
overload  setting  of  approximately  150  percent  of  the  com- 
bined hour  rating  current  when  the  motors  are  connected  in 
parallel.  This  figure  varies,  for  special  cases,  from  125 
percent  to  200  percent.  With  a  setting  of  150  percent,  the 
current  per  motor  cannot  exceed  150  percent  of  the  normal 
rating  when  the  motors  are  connected  in  parallel,  without 
tripping  the  circuit  breaker.  In  series,  however,  the  current 
may  reach  the  dangerous  value  of  three  times  the  rating  before 
the  circuit  breaker  opens.  This  serves  to  illustrate  the  re- 
lative lack  of  protection,  even  with  as  low  setting  as  possible, 
atid  emphasizes  the  necessity  of  proper  training  of  motormen 
in  the  handling  of  the  controller,  so  that  the  settings  may  be 
reduced  to  a  minimum. 

ABUSE 

Circuit  breakers  are  subject  to  abuse  by  blocking  or  hold- 
ing closed,  increasing  the  trip  setting,  and  using  them  as  line 
switches. 

Blocking  or  holding  a  circuit  breaker  closed  is  not  serious 
in  itself  and  in  some  extreme  cases,  may  be  necessar>'.  Never- 
theless, the  practice  should  be  strongly  discouraged  as  the 
purpose  of  the  circuit  breaker  is  thereby  defeated. 

Increasing  the  trip  setting  is  the 
usual  remedy  applied  by  operators 
as  a  cure  for  continual  opening.  It 
is  wrong,  however,  to  increase 
settings  merely  because  cars  are 
reported  as  having  low  settings, 
since  this  may  allow  relatively 
heavier  loads  on  the  motors  and 
controllers  thus  shielding  some 
defect,  with  large  consequential 
damages.  If  frequent  reports  come 
in  from  particular  motormen,  their 
methods  of  operating  should  be  in- 
vestigated.    If    the    circuit    breakers 

on  cars  operating  over  some  particular  line  are  repeatedly  re- 
ported, the  operating  conditions  of  this  line  should  be  investi- 
gated, as  it  may  be  that  motormen  are  negotiating  grades  or 
curves  in  multiple  which  should  be  taken  in  series,  if  the 
motors  are  to  receive  a  reasonable  amount  of  protection. 

The  use  of  a  hand  circuit  breaker  as  a  line  switch  should 
not  be  tolerated.  If  it  is  necessary  or  desirable  to  interrupt 
the  circuit  elsewhere  than  in  the  controller  when  shutting  off, 
a  switch  which  is  intended  for  line  switch  duty  should  be 
used.  The  hand  circuit  breaker,  while  liberally  designed,  is 
not  intended  for  this  purpose ;  and  its  wearing  parts  and 
various  details  have  not  been  designed  with  this  in  view. 
Rapid  wear,  high  maintenance  and  ultimate  failure  will  occur 
if  the  hand  operated  circuit  breaker  is  used  as  a  line  switch. 

MOUNTING 

In  mounting  circuit  breakers,  several  important  points 
are  often  overlooked,  which  if  carefully  considered  during  in- 
stallation, would  increase  their  capacity  and  life.  The  most 
important  of  these  is  allowance  for  gas  expansion.  When  a 
circuit  breaker  opens  under  load,  gas  is  generated  and  dis- 
charged from  the  arc  chute.  Sufficient  space  must  be  allowed 
around  the  mouth  of  this  chute  to  allow  free  expansion,  or 
this  gas  may  be  forced  hack  into  the  mechanism  and  start  an 
arc  out  of  the  range  of  the  magnetic  blowout.  The  circuit 
breaker  should  be  mounted  so  that  the  arc  cannot  jump  to 
grounded  metal  parts,  and  it  should  be  protected  against  water 
or  snow.  It  is  also  desirable  to  locate  it  so  that  the  handle  is 
just  out  of  the  normal  reach  of  the  motorman.  The  trolley 
lead  should  be  connected  to  the  blowout  coil. 
THE  LINE  SWITCH 

With  the  increase  and  betterment  of  power  and  distrib- 
uting systems,  the  duties  imposed  upon  hand  circuit  breakers 
have  become  much  inore  severe.  Where  circuit  breakers  are 
giving  considerable  trouble  due  to  heavy  duty,  a  careful  anal}'- 
sis  will  undoubtedly  reveal  that  a  saving  in  maintenance  and 
increased  safety  and  reliability  can  be  secured  by  the  substitu- 
tion of  remotely  controlled  line  switches. 
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Aim — ^To  connect  theory  and  practice 


What  Is  a  Horse-Power? 

VI — Electric  Motors. 

Power  is  the  product  of  speed  and  force,  which  in  a 
motor  is  exhibited  in  the  form  of  torque;  consequently  when 
either  factor  is  zero  the  power  output  is  zero.  With  no  load 
on  a  motor  the  speed  will  probably  be  a  maximum  but  the 
power  output  zero;  with  maximum  torque  the  motor  will 
stall  and  the  power  output  will  again  be  zero.  Maximum 
power  lies  at  some  intermediate  load  and  speed. 

With  steam  or  gas  engines  the  maximum  power  as  deter- 
mined by  the  speed-torque  characteristics  can  be  carried  con- 
tinuously; with  electric  motors  this  is  generally  impossible. 
Increased  output  means  increased  input  which  demands 
larger  current  in  the  windings.  As  motors  are  ordinarily  de- 
signed, the  current  at  maximum  power  output  will  be  sufficient 
to  burn  the  windings  in  a  short  time.  Thus  it  will  be  seen 
that  a  motor  can  deliver  a  greater  horse-power  for  a  short 
time  than  it  can  continuously.  The  continuous  horse-power 
is  ordinarily  limited  by  the  allowable  heating  while  the  short 
time  horse-power  may  be  limited  by  other  factors,  such  as 
maximum  torque  available  or  commutation. 

These  characteristics  of  the  electric  motor  have  given  rise 
to  two  classes  of  ratings,  continuous  and  short  time.  Unless 
otherwise  stated  the  rating  of  a  motor  is  continuous,  except 
for  railway  motors.  Railway  motors  work  under  intermittent 
service   where   heavy    drafts    of    current    for   acceleration    are 


followed  by  coasting  and  standstill  which  allow  the  motor  to 
cool.  For  this  reason  they  are  ordinarily  designated  by 
"nominal"  horse-power  which  is  a  short  time  rating  with  time 
element  of  one  hour.  A  50  hp  railway  motor  will  deliver  50 
hp  for  one  hour  without  dangerous  temperature  rise,  Imt 
might  be  good  for  only  30  hp  continuously. 

Motors  for  cycle  or  intermittent  duty  arc  often  given  short 
time  ratings  but  in  these  cases  the  lime  interval  is  specified. 
Where  a  200  hp  load  must  be  handled  only  occasionally  and  for 
short  periods  a  motor  much  smaller  than  200  hp  size  (con- 
tinuous rating),  can  be  used,  by  limiting  the  time  for  which  it 
is  supposed  to  deliver  200  hp.  In  this  case  the  motor  is  given 
a  short-time  rating,  such  as  200  hp  lor  10  minutes. 

Continuous  horse-power,  again,  is  affected  by  ventilation 
conditions.  A  motor  which  will  deliver  100  hp  continuously 
without  overheating  W'hen  run  open,  may  not  be  able  to  carry 
100  hp  continuously  if  enclosed,  or  it  may  be  able  to  carry 
more  than  100  hp  continuously  if  cooled  by  blowing  air 
through  it. 

The  power  rating  of  an  electric  motor,  then,  is  not  a  fixed 
and  definite  thing  but  depends  on  the  length  of  time  the  load 
is  to  be  carried  and  upon  ventilation  conditions.  Of  course 
it  is  also  changed  if  the  motor  is  operated  at  a  voltage  or 
frequency  dilTcrcnt   from  normal. 

The  latest  standardization  rules  of  the  A.I.E.E.  strongly 
recommend  that  the  ratings  of  motors  be  expressed  in  kilo- 
watts available  at  the  shaft,  rather  than  in  horse-power. 
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Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward^Leonard  Resistance 

to  screw  into  a  socket  and  re- 
place lamps. 

WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON.  N.  Y. 

Bad  <  Westburg  Electric  Co.,  Chicago,  111. 
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John  B.  Sebring,  Pittsburgh,  Pa. 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance— not  to  give  light. 

It  offers  an  interchangeable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light— think 

WARD  LEONARD 

The 
Resistance    Specialists 

Wm.  Miller  Tompkins,  Philadelph!a,°Pa. 
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The  railroads  of  the  United  States 
were  just  able  to  handle  the  business 
trriciency  qj  ^j^g  country  on  a  peace  basis.  War, 

the  relentless  publicity  agent,  has  focused  the  attention 
of  the  people  on  the  fact  that  the  operating  restrictions, 
tinder  which  the  railroads  were  working,  were  an  in- 
tolerable burden  when  it  became  necessary  to  handle, 
with  existing  equipment,  the  transportation  problems  of 
a  nation  aroused  by  war  to  its  maximum  activity. 

Efficient  operation,  and  more  and  more  efficient 
methods  are  easily  recognized  as  prime  essentials  in 
war,  altliough  in  peace  they  are  just  as  essential  for 
continuing  prosperity. 

In  time  of  war,  it  is  easy  to  see  that  railroad  ef- 
ficiency safeguards,  the  nation ;  and  any  operating 
method  which  increases  the  net  result  of  concerted  effort 
is  proper  and  necessary.  We  are,  therefore,  seeing  meas- 
ures enforced  which,  in  time  of  peace,  would  constitute 
a  serious  breach  of  existing  legislation.  These  measures 
are  right  because  they  are  carrying  out  the  will  of  the 
people. 

The  prompt  and  effective  mobilization  of  the  rail- 
roads for  maxir.uim  service  to  the  nation  is  one  of  the 
spectacular  developments  of  this  war,  and  as  a  result 
the  railroads  are  growing  into  their  rightful  position  in 
public  esteem.  War,  therefore,  along  with  its  terrible 
and  disorganizing  effects,  is  advancing  the  cause  of 
civilization  by  tearing  away  the  clouds  of  misunder- 
standing and  distrust  that  have  gathered  between  the 
people  and  their  railroads.  These  clouds  must  never  be 
allowed  to  gather  again.  The  railroads  have  learned  that 
the  full  and  well-earned  confidence  of  the  people  is  the 
fundamental  requirement  for  permanent  prosperity,  and 
as  stated,  tlieir  patriotic  meeting  of  the  present  crisis  is 
rapidly  winning  this  confidence.  Enduring  relations  are 
being  established  which  will  naturally  result  in  wise  leg- 
islation that  will  perpetuate,  after  the  return  of  peace, 
the  high  and  growing  railroad  efficiency  of  the  present 
abnormal  times.  In  this  new  setting,  capital  will  then  be 
forthcoming  for  necessary  railroad  development. 

One  of  the  most  effective  means  of  increasing  rail- 
road efficiency  is,  in  many  cases,  by  electrification.  This 
issue  is  dealt  with  more  in  detail  by  Mr.  F.  H.  Shepard 
in  an  able  article  in  this  issue.  E.  M.  Herr 


few  exceptions,  in  the  form  of  modest  extensions  of  ex- 
isting systems, — mostly  interurban  roads,  built  in  terri- 
tory where  considerable  freight  traffic  was  assui^ed  and 
where  satisfactory  passenger  service  could  be  given  by 
trains  operating  less  frequently  than  is  common  w4th 
single  car  passenger  service.  Proposed  new  roads  or  ex- 
tensions which  cannot  be  designed  to  take  advantage  of 
these  or  similar  features,  are  confronted  with  the  facts 
so  ably  presented  in  articles  by  Mr.  Townley  and  Mr. 
Rugg  in  this  issue. 

Mr.  Townley  clearly  describes  the  "disease"  which 
afflicts  the  electric  railway  industry,  the  i"emedies  which 
have  been  and  are  being  tried,  and  particularly  the  dif- 
ficulties in  securing  increased  rates  sufficient  to  effect  a 
permanent  cure.  The  situation  as  presented  is  a  strong 
argument  for  a  different  type  of  man  in  our  controlling 
and  governing  bodies,  especially  municipalities.  The 
need  of  broad-minded  men  to  represent  the  public  in 
dealing  with  electric  railways  is  great.  The  idea  of  a 
modified  Chicago  plan  of  joint  public  and  private  owner- 
ship is  novel  and,  in  common  with  the  remainder  of  the 
article,  worth  serious  consideration. 

Mr.  Rugg  sounds  the  note  of  optimism  which  is 
pleasing  after  the  long  period  of  "hard  knocks"  through 
which  the  electric  railways  have  been  passing.  He 
brings  out  the  fact  that  there  still  are  ways  of  securing 
greater  economy  of  operation  and  increased  earnings, 
and  suggests  some  of  the  means  for  obtaining  these  es- 
sential results.  His  article  implies  that  it  is  particularly 
necessary  for  the  railway  operators  to  study  analytically, 
and  with  imagination,  the  present  condition  and  possi- 
bilities of  their  properties  more  thoroughly  than  ever 
before.  T.  P.  G.^ylord 


_,.        .  In  recent  years   the   development   of 

ectric  electric    railways,    both    city  and    in- 

a  way  terurban,  has  failed  to  keep  pace  with 

development      ^^g    country's    growth    and    require- 
ments.  Such  increase  as  has  taken  place  has  been,  with 


„   .   _  The  vicissitudes  in  the  career  of  the 

rair  Ireatment  ,     ^  .  ., 

,      _,        .  average     electric     railway     company 

for  Llectric  ,         ,  .it 

_    ..  have  been  many  and  varied.  In  many 

municipalities  it  was  brought  into  ex- 
istence by  its  over-enthusiastic  promoter  long  before  a 
welcome  was  prepared  or  a  necessity  existed  for  it.  It 
was  handed  a  birth  certificate,  called  a  franchise,  laden 
with  restrictions  as  to  operation,  and  burdens  such  as 
street  paving,  cleaning  and  sprinkling  of  streets  and 
the  payment  of  percentages  of  its  gross  receipts — if  it 
ever  had  any — the  like  of  which  would  have  strangled 
any  other  public  or  private  enterprise. 

When  constructed  and  in  operation,  the  electric 
railway  became  the  object  of  competition  from  new 
companies  formed  in  other  portions  of  the  same  street 
or  highway.  Then  came    regulation — so-called — of    the 
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Public  Service  Commission,  wliich  at  first  appeared  to 
take  an  antagonistic  attitude  toward  the  company  in  re- 
sponse to  that  public  sentiment  so  rampant  at  the  time, 
of  antagonism  to  all  corporate  interests.  Later  came  the 
"Jitney",  a  form  of  irresponsible  competition  most  dif- 
ficult to  contend  against,  until  the  public  recognized  the 
necessity  of  its  proper  regulation  and  control  by  munic- 
ipal ordinance.  Notwithstanding,  the  electric  railway  is 
still  with  us,  filling  a  highly  useful  function  in  the  com- 
munity and  daily  touching  the  lives  of  a  large  majority 
of  its  people. 

Today  the  electric  railway,  still  struggling  under 
many  of  the  original  franchise  burdens  now  generally 
recognized  as  unfair,  is  facing  a  new  condition  over 
which  it  has  no  control— the  greatly  increased  cost  of 
labor  and  material  required  for  the  maintenance  and  op- 
eration of  its  system.  For  many  years  and  especially 
since  the  electric  railway  has  come  under  the  control  of 
the  Public  Service  Commission,  every  form  of  economy 
has  obtained  and  no  further  retrenchment  in  that  direc- 
tion seems  possible  with  satisfactory  public  service  ren- 
dered. No  relief  is  in  sight  for  the  railway  nor  can  the 
public  continue  to  receive  reasonable  service  unless  the 
revenue  of  the  railway  is  increased. 

The  payment  of  a  small  sum  for  a  transfer,  re-ar- 
rangement of  fare  zones,  discontinuance  of  commutation 
tickets,  raising  rates  of  fare  on  interurban  and  suburban 
roads  to  rates  equal  to  those  received  by  steam  railroads, 
and  increase  of  city  fares  from  fi\e  cents  to  six  or  seven 
cents  are  all  methods  of  increasing  the  revenue  of  the 
railway  which  are  being  generally  discussed.  Relief 
from  the  burdensome  condition  of  paving,  street  clean- 
ing and  the  like,  would  also  be  effective  and  perhaps  be 
less  felt  by  the  public  than  a  direct  increase  in  fare. 
Conditions  vary  so  much  in  franchise  requirements, 
local  public  sentiment  and  the  standing  of  the  company 
in  the  various  communities,  that  a  very  careful  study  of 
conditions  surrounding  each  company  should  be  made 
before  adopting  a  method  of  increasing  the  revenue  of 
the  company. 

The  present  necessities  of  electric  railways  justify 
them  in  applying  to  the  Public  Service  Commissions,  or 
other  regulatory  bodies  for  such  form  of  relief  as  will 
make  it  possible  for  them  to  pay  fair  wages  and  furnish 
satisfactory  service  to  the  public  and  earn  a  fair  and 
reasonable  rate  of  return  upon  their  investment.  Public 
Service  Commissions  are  recognizing  the  existing  condi- 
tions and  have  in  many  cases  approved  increased  rates 
of  fare  and  discontinuance  of  commutation  tickets.  And 
they  will  doubtless  grant  such  further  relief  as  can  be 
shown  by  the  companies  to  be  necessarj'  and  reasonable. 
The  plan  adopted  by  many  companies  of  fully  informing 
the  public  through  the  local  newspapers  of  the  condition 
of  the  electric  railways,  because  of  the  recent  increased 
cost  of  operation  and  the  necessity  for  increased  income 
to  continue  to  give  adequate  sei"vice,  has  proven  to  be 
most  satisfactory,  both  to  the  company  and  to  the  public. 
It  also  prepares  the  way  for  applications  later  on  to  the 
proper  public  authorities.  Van  Horn  Ely 


The     quick     service     safety     car     is 

The  Quick       launched  and  at  the  present  writing  is 

Service  ^'t\\  out  on  its  course.     It  promises  to 

Safety  introduce   an   epoch   in   the   history   of 

Car  urban     transportation     equal     to     that 

caused  by  the  advent  of  the  cable  cars 

and  later  by  the  adoption  of  electric  propulsion. 

The  quick  service  safety  car  was  thought  of  and 
discussed  several  years  ago.  The  writer's  first  definite 
information  on  its  possibilities  came  from  Mr.  C.  O. 
Birney  of  the  Stone  and  Webster  Company,  when  he 
propcsed  a  light  weight  car  three  or  four  years  ago  and 
suggested  that  a  motor  be  designed  suitable  for  such 
cars.  In  the  course  of  a  month  or  so  a  new  "Wee" 
motor  was  laid  out  and  submitted.  At  that  time,  how- 
ever, the  manufacturers  were  not  fully  convinced  of  the 
market  possibilities  for  such  small  motors  and  offered 
to  build  them  in  lots  of  50  only  or  a  sufficient  number 
to  absorb  a  fair  share  of  the  development,  which  was 
similar  to  the  proposition  placed  before  Mr.  P.  N.  Jones 
of  the  Pittsburgh  Railways  Company,  a  few  years  pre- 
vious when  he  was  bold  enough  to  ask  for  a  "Baby" 
motor  suitable  for  2.\  inch  wheels.  Mr.  Jones  was  ob- 
liged to  pay  a  fair  share  of  the  development  charge  in 
order  to  secure  one  equipment  for  demonstration  pur- 
poses. Mr.  Birney  apparently  could  not  get  the  neces- 
sary support  and  met  with  considerable  discouragement. 
However,  he  stuck  to  it,  and  later  on  the  manufacturers 
decided  to  take  the  risk  themselves  and  offered  small 
motors  for  the  quick  service  cars. 

The  first  "Wee"  motors  were  built  early  in  1915. 
Since  that  time,  nearly  four  thousand  of  these  motors 
have  been  sold  by  the  manufacturer.  This  is  mentioned 
because  it  shows  the  immediate  popularity  of  this  motor. 
In  fact,  the  records  show  that  the  "Wee"  t>pe  motor  be- 
came just  as  popular  as  its  predecessor  the  P.  N.  Jones 
"Baby"  motor. 

So  much  for  the  motor  part  of  the  quick  service 
safet\-  car.  The  car  as  a  complete  unit  is  here  to  stay. 
Several  hundred  have  been  placed  in  service  or  ordered 
and  all  reports  indicate  success,  i.  e.  reduced  operating 
cost  with  greater  satisfaction  to  the  public  on  account 
of  the  more  frequent  and  rapid  service.  In  some  iso- 
lated cases  where  the  idea  of  one  man  operation  was 
tried  out  it  was  not  successful,  apparently  due  to  the 
fact  that  suitable  quick  service  safety  equipment  was 
not  provided  and  perhaps  the  local  service  conditions 
were  of  a  character  that  required  schedule  changes,  etc., 
to  make  such  cars  successful.  In  the  great  majority  of 
places  they  have  met  with  marked  success,  and  the 
managers  of  properties  where  they  have  been  tried  out 
again  see  daylight  ahead  for  the  traction  business. 

Naturally,  the  next  step  will  be  toward  a  car  con- 
siderably larger,  seating  approximately  50  people,  using 
quadruple  equipment  of  "Wee"  motors  equipped  with 
suitable  safety  devices,  so  that  during  the  rush  hours  the 
fares  will  be  collected  by  a  second  man  or  cashier  and 
durino-  non-rush  hours  they  will  be  handled  by  one  man 


THE    ELECTRIC    JOURNAL 


Z7Z 


similar  to  the  quick  service  cars.  This  of  course  appUes 
to  traffic  conditions  where  the  smaller  quick  service  car 
will  not  suffice.  Mylf.s  B.  Lambert 


The  Steam  railroad  electrification  has  re- 

Possibilities  ceived  wide-spread  attention  during 
of  the  past  year  through  the  advertising 

Electric  Motive    of  one  of  the  western   railroads   for 

Power  the  purpose  of  popularizing  their  line 

with  transcontinental  passengers.  The  public  is  quick  to 
grasp  an  opportunity  for  a  new  thrill  or  novelty,  but  sel- 
dom analyzes  the  conditions  involved.  Steam  railroad 
electrification  is  an  expensive  undertaking  and  the  rail- 
roads cannot  be  expected  to  electrify  their  lines  merely  as 
a  refinement  and  for  the  convenience  of  the  public.  The 
change  must  be  justified  from  the  financial  standpoint, 
either  by  making  the  resultant  savings  in  maintenance 
and  operation  sufficient  to  pay  the  fixed  charges  on  the 
necessary  investment ;  or  else,  when  traffic  on  the  system 
has  reached  .such  a  point  that  additional  train  move- 
ments are  imperative,  by  the  speeding  up  of  train  move- 
ments through  electrification  to  such  an^extent  that  an 
additional  large  expenditure  for  more  tracks  can  be 
saved. 

Such  a  change  in  operating  methods  involves  a 
thorough  study  of  the  particular  problems  with  which 
each  railroad  is  confronted,  with  a  view  of  determining 
whether  the  application  of  the  electric  system  will  fur- 
■  nish  the  desired  solution  with  the  necessary  economy  to 
justify  the  expenditure.  These  problems  involve  many 
different  conditions  and  those  that  make  electrification 
justifiable  in  one  locality  may  have  little  application  in 
another.  P'or  example,  the  determining  features  may  be 
terminal  congestion,  high  cost  and  scarcity  of  coal  ver- 
sus cheap  available  electric  power,  and  again  the  neces- 
sity for  the  rapid  movement  of  heavy  tonnage  on  con- 
gested grade  sections,  all  of  which  present  problems 
quite  different  in  character. 

The  possibilities  of  electrification  are  not  centered 
around  the  general  superiority  of  the  electric  locomotive 
over  the  steam  locomotive.  The  railroads  of  the  United 
States  are  the  standard  of  the  world  and  we  have  noth- 
ing but  admiration  for  the  magnificent  performance  of 
the  modern  steam  locomotive.  The  replacement  of 
steam  operation  by  electric  power  will  be  considered  for 
the  same  reasons  which  have  caused  its  adoption  in 
other  large  industries,  namely,  the  extreme  flexibility 
of  the  electric  system,  which  permits  improvements  in 
operating  methods  with  resultant  decreased  operating 
cost  and  increased  production.  Under  present  methods 
of  efficient  railroading,  involving  constantly  increas- 
ing size  of  trains  and  faster  schedules,  the  steam 
locomotive,  due  to  the  fact  that  it  is  a  self-contained 
unit,  must  soon  reach  its  limitations  in  horse-power 
rating. 

On  the  other  hand,  the  electric  locomotive,  which 
does  not  generate  its  own  power,  but  simply  transforms 
electrical  energy  into  drawbar  horse-power,  has  a  great 
advantage  when  the  problem  of  the  economical  hand- 


ling, of  heavy  traffic  on  mountain  grades  at  efficient 
speeds  is  considered.  This  is  well  illustrated  by  the  <ie- 
scription,  in  this  issue  of  the  Journal,  of  the  most 
powerful  locomotive  of  any  kind  ever  produced  for  rail- 
road work.  The  concentration  of  7000  horse-power  for 
starting  trains  and  4800  horse-power  for  hauling  them, 
in  a  total  weight  of  250  tons  and  a  single  cab  76  feet 
long,  is  a  long  step  in  advance  of  anything  heretofore 
accomplished.  It  means  that  larger  trains  can  be  handled 
over  grade  sections  at  an  economical  speed,  with  the 
minimum  of  operating  expense. 

^V.  R.  Stinemetz 


The   cost   of   producing  power  is  al- 
Improvements      ^ays  a  subject  of  great  economic  im- 
"^       _  portance.  For   many  reasons,   its  im- 

rower  Station  portance  is  increasing.  During  the 
iLtriciency  years  191 7  and  1918,  power  units  will 
be  installed  in  the  United  States  aggregating  in  capacity 
about  60  percent  of  the  total  steam  generating  capacity 
operating  at  the  beginning  of  1916.  While  this  indicates 
a  tremendous  increase  in  the  countr)''s  power  demand, 
it  involves,  also,  a  very  large  transformation  in  the 
methods  of  generating  power,  for  many  small  plants  will 
be  shut  down,  the  power  being  taken  from  central  sta- 
tions, who  themselves  have  increased  their  units  to  sev- 
eral times  their  former  sizes,  effecting  thereby  a  great 
reduction  in  the  cost  of  power.  It  is  not  at  all  unlikely 
that  this  transformation  process  will  bring  the  fuel  con- 
sumption of  the  country  per  unit  of  power  consumed  to 
one-half  of  what  it  was  five  years  ago,  inasmuch  as  it  in- 
volves the  discontinuance  of  uneconomical  plants,  and 
brings  the  central  station  fully  into  its  proper  economic 
function  as  a  central  source  of  supply,  enabling  it  to  op- 
erate profitably  the  largest  and  most  modern  types  of 
generating  apparatus. 

The  street  railwa}',  either  b}-  modernizing  its  own 
power  plant  or  by  taking  its  power  from  the  larger  cen- 
tral station,  can  itself  elTect  a  very  large  reduction  in 
power  cost.  Within  the  past  three  years,  more  has  been 
accomplished  in  the  improvement  of  station  efficiency 
than  in  any  similar  period  during  the  paj;  sixteen  years. 
Stated  in  simple  terms,  the  best  steam  turbines  of  four 
or  five  years  ago,  operating  under  the  best  station  condi- 
tions at  that  time  of  200  pounds  steam  pressure,  or  less, 
with  125  to  150  degrees  superheat,  and  with  a  vacuum 
of  28.5  inches,  were  using  about  13  pounds  of  steam  per 
kilowatt-hour.  At  that  period,  the  total  station  coal  con- 
sumption was  considered  very  good  if  it  was  as  low  as 
two  pounds  per  kilowatt-hour.  The  largest  units  were 
then  from  15000  to  20  000  kilowatts.  Today,  units  as 
large  as  30  000  kilowatts  are  in  service.  Operating  con- 
ditions now  range  from  200  to  250  pounds  steam  pres- 
sure, with  superheat  increased  to  200  degrees,  and  with 
the  vacuum  improved  to  29  inches.  The  steam  consump- 
tion has  fallen  to  10.5  pounds  and  the  station  coal  con- 
sumption has  dropped  to  about  1.5  pounds  per  kilowatt- 
hour.  Units  as  large  as  70000  kilowatts  are  under  con- 
struction, and  several  plants  are  under  way  where  steam 
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pressures  of  300  to  350  pounds  will  be  used,  superheat- 
ing to  250  degrees. 

Thus,  in  a  very  brief  period,  the  fuel  consumption 
has  been  improved  about  25  percent.  Not  only  that,  but 
the  modern  station,  with  its  larger  units  and  with  its 
better  design  throughout,  has  been  able  to  effect  a  large 
economy  in  the  labor  costs.  If  this  has  been  the  improve- 
ment in  the  largest  station  practice,  and  if  the  best  sta- 
tions of  five  years  ago  and  the  best  stations  of  today  are 
the  ones  compared,  what  is  to  be  said  of  power  plants 
where  the  units  are  from  1000  to  10  000  kilowatt  capac- 
ity, requiring  from  50  to  100  percent  more  coal  per  unit 
of  output.  And  these  stations  are  not  very  old,  but  in  view 
of  the  great  progress  made  with  the  larger  sizes  of  power 
units,  either  these  plants  should  be  modernized  where 
the  conditions  permit  it,  or  advantage  should  be  taken  of 
central  power,  where  the  diversity  factor  of  the  terri- 
tory will  perhaps  make  it  possible  for  the  railway  and 
the  central  station  both  to  save  a  great  deal  of  mone3^ 
The  smaller  railway  properties  operate  with  a  low  load 
factor  and  ordinarily  their  peaks  occur  when  the  power 
requirements  of  industrial  plants  are  very  small.  The 
lighting  peak  is  becoming  a  smaller  factor  with  our 
larger  central  stations  because  of  the  great  growth  in 
general  power  demand,  so  that  railwa}'  loads  can  now 
be  handled  to  better  advantage  and  at  less  expense.  The 
conditions  have  changed  on  all  sides  since  the  smaller 
power  plants  were  built.  E.  H.  Sniffin 


Periodical 

Insulation 

Tests 


How  are  engineers  responsible  for  the 
operation  of  electrical  properties  to 
assure  themselves  that  the  insulation 
of  their  generators  and  other  impor- 
tant elements  of  their  systems  is  not  on  the  verge  of 
break  down?  When  the  apparatus  is  new  this  question 
is  answered  by  the  fact  that  it  has  just  passed  the  stand- 
ard insulation  tests  as  prescribed  by  the  rules  of  the 
American  Institute  of  Electrical  Engineers.  Insulation, 
however,  is  not  everlasting  and  there  must  come  a  time 
at  some  period  in  its  existence  when  it  will  not  stand  up 
under  normal  operating  conditions.  To  allow  electrical 
apparatus,  particularly  generators,  to  fail  while  in  ser- 
vice, is  apt  to  be  disastrous  both  to  the  service  supplied 
and  to  the  apparatus;  to  the  service  because  the  break- 
down may  occur  at  the  time  of  heaviest  load  and  when 
the  generator  can  least  be  spared;  to  the  apparatus  be- 
cause a  breakdown  in  service  may  result  in  destruction 
of  both  windings  and  iron  to  such  an  extent  that  it  may 
take  weeks  and  even  months  to  repair.  These  consider- 
ations lead  to  the  natural  query  "How  is  the  operating 
engineer  to  determine  in  advance  when  a  breakdown  of 
insulation  is  impending"  ? 

Deterioration  of  insulation  may  occur  from  a 
variety  of  causes.  Mechanical  shock  or  rupture,  vibra- 
tion, moisture,  heat — all  may  contribute  to  this  deterio- 
ration and  at  a  rate  impossible  to  predetermine.  So  far 
as  we  know  there  is  no  infallible  method  of  determining 
tlie  condition  of  insulation  without  actually  applying  a 
potential  test.  The  megger  or  any  other  means  of  deter- 
mining insulation  resistance  gives  an  indication  of  some 


value,  but  it  is  possible  for  the  insulation  to  show  satis- 
factory resistance  and  still  be  on  the  verge  of  a  break- 
down under  normal  operation. 

We  see  no  method  of  obtaining  protection  against 
this  condition,  except  to  apply  periodical  breakdown 
tests  to  the  insulation.  If  the  insulation  is  not  defective, 
no  harm  will  result  from  the  application  of  this  test.  If 
it  is,  a  break  will  occur  which  will  require  repair  before 
the  machine  can  again  be  put  in  service;  but  the  ad- 
vantage of  being  able  to  select  the  time  of  day,  month  or 
year  when  these  repairs  are  to  be  made  is  one  which  will 
readily  be  recognized  by  operating  engineers. 

The  insulation  tests  as  specified  in  the  standardiza- 
tion rules  of  the  American  Institute  of  Electrical  Engin- 
eers call  for  double  potential  plus  1000  volts.  New  ap- 
paratus must  be  able  to  withstand  this  potential.  The 
question  arises  as  to  whether  it  is  necessary  to  keep  the 
insulation  in  sufficiently  good  condition  to  pass  the  same 
test  as  when  new  in  order  to  avoid  chances  of  break- 
down in  service.  The  general  answer  to  such  a  question 
can  hardly  be  based  on  individual  opinion.  Rather  tliere 
should  be  a  general  agreement  based  on  experience  as  to 
the  best  course  of  procedure.  In  order  to  assist  in  secur- 
ing such  an  understanding,  our  readers  are  requested  to 
outline  to  us  the  practice  and  experience  in  this 
respect  of  the  operating  companies  with  which  they  are 
connected.  Definite  answers  lo  the  following  questions 
in  particular  will  be  appreciated. 

I — What  companies  apply  potential  tests  lo  the  insulation 
of  their  generators  and  other  similar  apparatus? 

2 — How  frequently  is  such  a  potential  test  applied? 

3 — What  test  voltage  is  applied  (measured  in  terms  of 
normal  operating  voltages)  ? 

After  the  receipt  of  a  sufficient  nuinber  of  replies, 
it  is  the  intention  to  summarize  these  in  a  future  issue  of 
the  Journal  for  the  benefit  of  our  readers. 

P.  M."  Lincoln 


A   careful   analysis   of   the   problem 
Antifriction        presented  by  the  application  of  anti- 
Bearings  for       friction   bearings   in   railway   motors 
Railway  indicates  a  strong  probability  that  ball 

Motors  o""    roller    bearings    will   become    the 

recognized  standard,  at  least  for  small 
railway  motors.  The  history  of  the  development  of  an- 
tifriction bearings  in  various  applications  showing,  as 
it  does,  the  achievement  of  success  only  after  repeated 
failures,  forces  tlie  conservative  railway  motor  manu- 
facturer to  a  drastic  examination  of  fundamental  con- 
ditions. It  also  leads  to  the  adoption  of  all  possible  pre- 
cautions in  safeguarding  the  joint  interests  of  the  op- 
erator and  the  manufacturer,  particularly  during  the  de- 
velopment period. 

Some  years  ago,  before  the  electrification  of  mines 
became  so  wide-spread,  grease-lubricated  sleeve  bear- 
ings were  the  universal  standard  for  both  axle  and 
armature  bearings.  Ball-bearing  makers  saw  an  oppor- 
tunity to  enter  this  field,  as  they  would  apparently  be 
free  from  competition  with  the  oil  and  waste  lubricated 
sleeve  bearings  used  in  railway  work.       An  extensive 


\ 


THE    ELECTRIC    JOURNAL 


375 


educational  campaign  was,  therefore,  inaugurated,  and 
a  demand  created  which  led  some  makers  of  mine  lo- 
comotives to  standardize  on  ball  bearings. 

The  first  year  of  operation  seemed  to  show  that  the 
ball  bearings  were  a  decided  success.  During  the  second 
year,  however,  troubles  began  to  develop ;  and  toward 
the  end  of  this  year,  failures  became  so  numerous  that 
one  mine  locomotive  maker  found  it  necessary  to  make 
a  complete  change  in  the  t}pe  of  ball  bearing  employed. 
About  the  time  that  ball  bearings  began  to  be  widely  ap- 
plied in  mine  locomotives,  the  company  with  which  the 
writer  is  connected  brought  out  a  new  line  of  mine  mo- 
tors equipped  with  bronze  sleeve  bearings  and  with  up- 
to-date  oil  and  waste  lubrication.  It  was  three  years 
from  the  introduction  of  this  new  line  of  motors  before 
a  single  armature  bearing  in  service  had  to  be  replaced. 
This  demonstrated  rather  conclusively  the  superiority 
of  the  up-to-date  sleeve  bearings  over  the  ball  bearings 
of  that  period.  The  last  few  years,  however,  have  seen 
a  marked  improvement  in  antifriction  bearings ;  and  it 
seems  logical  to  expect  further  advances  in  their  devel- 
opment. 

The  vital  issue  now  is  "Have  the  ball  and  roller 
bearings  of  today  arrived  at  the  state  of  perfection 
where  they  are  superior  to  modern  oil  and  waste  lu- 
bricated sleeve  bearings"  ?  There  is  but  one  way  to  ar- 
rive at  a  final  determination  of  the  issue.  This  method 
involves  the  close  co-operation  between  the  railway  mo- 
tor manufacturers  and  those  operators  who  wish  to  ad- 
vance the  art  in  order  to  reduce  their  costs  and  improve 
their  service.  A  suflicient  number  of  antifriction  bear- 
ings should  be  applied  on  small  railway  motors  to  dem- 
onstrate their  fitness  over  the  range  of  railway  service 
to  which  these  motors  may  be.  applied.  During  the  de- 
velopment period,  the  motors  involved  should  be  ar- 
ranged so  that,  while  they  incorporate  the  construction 
best  adapted  for  antifriction  bearings,  they  can  also  be 
changed  to  sleeve  bearings  in  case  the  result  of  long 
service  shows  this  course  to  involve  the  greater  over- 
all economy. 

The  operator  who  is  assisting  in  bringing  the  anti- 
friction bearing  up  to  the  necessary  degree  of  perfec- 
tion must  keep  in  close  touch  with  the  maker  of  his 
bearings.  It  is  self-evident  that  bearing  replacement 
must  eventually  be  handled  by  the  maker  of  the  bear- 
ing, because  a  resale  business  conducted  by  the  motor 
builder  can  never  compete  successfully  with  the  direct- 
dealing  method.  The  success  of  antifriction  armature 
bearings  lies  in  the  hands  of  the  operator  to  a  very 
great  extent. 

Without  going  into  a  complete  analysis,  a  few 
points  are  of  interest: —  A  radical  apparent  inherent 
advantage  in  antifriction  bearings  is  the  holding  of  cor- 
rect gear  center  distances  and  the  consequent  practi- 
cability of  finer  gear  pitch,  larger  gear  reduction,  higher 
motor  speed  and  less  motor  weight.  Since,  however,  the 
armature  bearing  is  responsible  for  a  maximum  of,  per- 
haps, 25  percent  of  the  gear  center  variation,  it  is  evi- 
dent that  a  materially  finer  gear  pitch  involves  better 


maintenance  of  the  axle  bearings  by  the  operator.  But 
with  better  maintenance  of  the  axle  bearing,  a  finer  gear 
pitch  than  is  now  standard  is  feasible,  regardless  of  the 
type  of  armature  bearing.  To  capitalize  fully  the  ad- 
vantages of  antifriction  bearings,  it  would,  therefore,  be 
essential  to  apply  them  on  the  axle  motor  bearing,  as 
well  as  on  the  armature  bearing.  There  is  no  split  an- 
tifriction bearing  on  the  market,  and  no  one  has  yet 
thought  it  wise  to  tie  up  a  motor  application  to  anti- 
friction bearings  on  the  axle  behind  the  wheel  fit. 

Antifriction  bearings  require  less  frequent  lubrica- 
tion than  sleeve  bearings,  but  they  must  have  lubrica- 
tion, and  the  result  of  insufficient  attention  is  a  failure 
which  can  be  repaired  only  by  installing  a  complete  new 
bearing.  Approaching  failure  in  an  antifriction  bearing 
gives  very  little  warning;  therefore  inspection,  while 
probably  required  less  frecjuently,  must  be  more  expert 
when  it  does  occur. 

A  thorough  study  and  careful  following  of  the  in- 
structions, "don'ts"  and  suggestions  issued  by  the  bear- 
ing maker  are  essential  if  the  maximum  life  of  the  bear- 
ing is  to  be  attained. 

In  conclusion: — antifriction  bearings  involve  today 
a  measure  of  uncertainty,  but  are  evidently  improving 
and  seem  to  be  nearing  the  goal  of  practicability.  They 
are,  however,  still  in  the  development  period,  and  it  is 
important  to  safeguard  their  application. 

G.  M.  Eaton 


Pneumatic 
Control 


Few  lines  of  electrical  apparatus  to- 
day include  the  same  essential  con- 
structions that  were  employed  twenty 
years  ago.  For  this  reason  the  pneumatically-operated 
and  electrically-controlled  railway  equipment,  which  is 
still  essentially  the  same  as  when  first  introduced,  as  is 
pointed  out  by  Mr.  L.  G.  Rile}-,  in  this  issue,  is  indeed  a 
credit  to  the  foresight  of  the  engineers  who  were  re- 
sponsible for  its  conception  and  early  development. 
Originally  pneumatic  control  was  looked  upon  as  intro- 
ducing unnecessary  complications  with  little  or  no  ad- 
vantage; whereas  today,  it  has  been  adopted  as  standard 
by  practically  all  large  operating  companies  in  this 
countr)'. 

On  analyzing  the  functioning  of  a  control,  such  as 
is  required  to  accelerate,  run  or  reverse  electrically-op- 
erated vehicles,  it  is  found,  regardless  of  the  size  or 
number  of  propulsion  motors,  line  potential  or  fre- 
quency, that  simple  rectilinear  motion  may  be  made 
common  to  all.  It  is  true  that  many  equipments  of  today 
include  rotating  and  o.scillating  motions.  However,  these 
are  readily  resolved  into  the  short  rectilinear  motion  so 
easily  attained  with  a  cylinder  operated  by  compressed 
air  and  controlled  by  electrically-operated  valves. 

Railway  control,  whether  for  city,  interurban  or 
steam  road  electrification  service,  must  carry  with  it, 
the  watchword  "reliability".  The  air-operated  cylinder 
meets  these  requirements,  being  simple,  positive,  rugged 
and  easily  controlled ;  and  consequently  it  is  only  natural 
that  pneumatic  control  has  such  an  enviable  record  with 
an  increasing  field  of  application. 

Karl  .A.  .Simmon 
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ACTIVITY  ill  building  trolley  lines  was  general 
fifteen  years  ago.  New  systems  were  being  con- 
structed and  old  ones  extended.  Ample  capital 
was  available,  at  reasonable  rates,  and  electric  railway 
.securities  were  popular.  To-day  no  new  systems  are 
being  built,  extensions  are  comparatively  few  while 
many  now  look  askance  at  all  electric  railway  securities. 

What  is  tlie  cause  and  what  is  to  be  done  about  it  ? 
Whenever  these  questions  are  raised  there  is  a  tendency 
to  ask,  "Who's  to  blame?".  This  question  is  interesting 
but  not  relevant.  The  country  needs  more  trolley  lines, 
year  by  year.  Unless  they  are  forthcoming,  or  a  substi- 
tute not  now  in  sight  be  found  a  growing  population  will 
gradually  overcrowd  and  choke  the  present  lines, 
while  the  lack  of  extensions  into  sparsely  settled 
districts  will  force  greater  densities  of  population  in 
those  already  served.  Suburbs  are  better  than  tene- 
ments. They  are  healthier  and  the  tendency  toward 
crime  is  less.  Besides  when  a  town  expands  territor- 
ially, farms  become  building  sites  and  great  property 
value  is  created.  These  are  some  of  the  reasons  why 
we  shall  continue  to  need  more,  and  yet  more  trolleys, 
and  why  the  question  of  fixing  the  blame  for  the  present 
state  of  stagnation,  though  interesting  and  instructive, 
is  quite  beside  the  point. 

The  vital  questions  are, — "What  is  the  disease  and 
what  the  remedy?"  The  trouble  itself,  while  extremely 
complex  in  detail  may  be  veiy  simply  stated.  Private 
funds  are  needed  to  finance  the  trolleys.  The  margin 
between  uncertain  revenue  and  certain  expenditure  is 
too  small  and  people  will  no  longer  risk  their  money  in 
a  class  of  investment  where  the  possible  profit  is  not 
commensurate  with  the  hazard  of  loss. 

When  tlie  present  condition  first  began  to  manifest 
itself,  expenses,  being  easier  to  change  than  receipts, 
naturally  were  carefully  studied,  but  as  wages  have 
continued  to  rise  and  material  to  increase  in  price,  re- 
ductions in  operating  costs  have  had  to  be  made  by 
changes  of  method.  Speeding  up  schedules  to  get  more 
car-miles  per  car  and  thereby  perform  a  given  service 
with  fewer  cars  was  obviously  only  possible  in  some 
instances  and  soon  reached  its  limitation.  Using  larger 
cars  to  handle  more  people  with  the  same  number  of 
crews  involved  heavy  expense  for  new  equipment,  and 
was  only  useful  where  traffic  conditions  were  pecu- 
liarly favorable.  Using  smaller  cars — and  sometimes 
one  man  cars — to  lighten  the  power  consumption  and 
maintenance  in  the  first  instance,  and  to  cut  the  labor 
bill  in  the  second,  had  occasional  but  limited  possibili- 
ties. Redoubled  systematic  effort  sometimes  cut  down 
the  accident  account.  The  power  plant,  the  shop,  the 
track  and  line  maintenance,  the  overhead  organization, 
each  and  all  have  come  in  for  careful  and  continued 
scrutiny  while,  as  everj^  road  is  willing  to  help  ever\- 
otlier,  the  free  and  frequent  interchanges  of  experience 


have  made  the  combined  efforts  of  all  available  for 
each. 

The  natural  result  of  all  this  effort  has  been  many 
and  important  savings;  but  in  spite  of  everything  and 
everybody  the  net  increase  in  expenditures  has  far  over- 
balanced the  aggregate  economies  and  the  trolley  roads 
are  simply  "up  against  it."  Their  tax  burdens  are  large 
both  from  direct  taxes  so  labelled  and  also  from  indi- 
rect taxes  as  well,  such,  for  example,  as  paying  for 
street  paving  which  a  trolley  road  does  not  use  or  need. 
The  roads  tried  to  get  their  taxes  lowered  but  that  is 
like  asking  your  landlord  to  reduce  his  rent  when  he 
knows  you  cannot  move  away. 

There  seems  to  be  but  one  other  waj-  out  and  that 
is  to  increase  receipts  either  by  charging  more  money 
for  the  same  service  or  charging  the  same  money  and 
giving  less  service.  It  costs  not  much  more  to  run  a 
car  full  of  passengers  than  it  does  to  run  it  half  full, 
or  empty,  so  if  a  company  can  wait  long  enough  without 
starving  to  death  meanwhile,  the  growing  population 
will  crowd  its  cars  and  automatically  increase  the  re- 
ceipts per  car-mile  run.  This  would  be  giving  less  ser- 
vice for  the  same  money.  It  is  a  poor  expedient  and  by 
no  means  can  be  applied  to  all  cases.  However,  it  may 
be  better  than  the  alternative  of  bankruptcy  and  it  has 
this  in  its  favor — it  is  accomplished  by  inaction  instead 
of  by  action.  A  road  simply  goes  on  as  it  has  been  go- 
ing— makes  no  change  in  schedules — asks  nobody's  per- 
mission to  do  anything  and  waits  for  the  children  to 
grow. 

The  other  alternative  is  to  raise  fares.  And  here 
comes  the  difficulty.  The  American  system  of  urban 
trolley  fares  is  somewhat  like  the  American  plan  hotel. 
In  one  case  you  pay  so  much  for  a  ride  and  go  as  far 
as  you  like  and  on  the  odier  you  similarly  pay  so  much 
for  a  meal  and  swallow  all  you  can  hold.  Therefore 
the  short  rider  in  the  one  instance  and  the  dyspeptic  in 
the  other  help  to  pay  for  the  long  rider  and  the  hearty 
man  respectively.  The  simplicity  of  the  method  is  in 
its  favor  but  though  both  the  trolley  companies  and  the 
hotels  have  found  that  this  plan  no  longer  pays,  the 
hotels  have  been  able  to  escape  by  raising  prices  while 
the  trolley  companies  are  still  hunting  for  a  way  out. 
Almost  every  concern  but  a  utility  can  raise  prices  when 
it  feels  like  it,  but  a  utility  has  to  ask  permission  of  its 
customers.  Some  Commissions  have  granted  increases, 
generally  an  extra  cent.  Is  that  the  way  to  do  it?  Is 
one  cent  enough  and  if  not  can  the  roads  get  more  by 
and  by?  An  attempt  to  answer  such  questions  leads 
into  the  realm  of  speculation  where  one  man's  guess  is 
as  good  as  another's  and  all  of  them  of  doubtful  value. 

The  six  cent  fare,  the  extra  charge  for  transfers, 
the  zone  system,  may  all  be  used  separately  or  together; 
but  a  permanent  solution  can  never  be  found  until  our 
laws  are  so  drawn  as  to  balance  the  risk  of  loss  against 
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the  chance  of  profit  and  leave  a  suitable  margin  on  the 
profit  side. 

The  first  essential  is  stability  of  investment.  The 
mai'ority  of  trolley  roads  now  operate  under  franchises 
granted  by  one  or  more  local  municipalities.  Many  of 
these  have  limited  periods  to  run  before  expiration  and 
numerous  experiences  have  proved  that  a  municipality 
is  unlikely  to  renew  an  expiring  franchise  without  in- 
sisting upon  new  conditions  which  place  additional  bur- 
dens of  expense  on  the  corporation  or  restrict  its  earn- 
ing power  or  both.  Advantage  is  taken  of  the  fact  that 
without  a  right  to  operate  cars  in  the  streets  the  prop- 
erty of  an  existing  trolley  system  becomes  largely  junk 
and  therefore  the  owners  are  obliged  to  submit  to  new 
restrictions  which  will  take  away  some  of  their  prop- 
erty or  to  lose  it  all  and  go  out  of  business.  That  is  to 
sav,  a  franchise  renewal  is  negotiated  with  one  of  the 
parties  under  duress.  Obviously  such  a  condition  con- 
stitutes a  financial  hazard  which  seriously  detracts  fi-om 
the  value  of  trolley  securities  and  will  act  as  an  effec- 
tive deterrant  now  that  the  possibility  of  large  profil=, 
originally  afforded,  has  been  completely  removed  by  tne 
rigid  regulatory  laws  which  are  so  generally  in  force. 

Of  the  many  suggested  remedies  for  this  condition 
perhaps  that  having  the  greatest  number  of  supporters 
is  the  indeterminate  franchise  with  recapture  provision. 
This  is  a  franchise  without  expiration  date — enjoyed 
perpetually  on  good  behavior  but  subject  to  termination 
at  any  time  by  court  procedure  for  cause,  and  contain- 
ing the  proviso  that  the  municipality  may  acquire  the 
trolley  property  whenever  it  so  chooses — by  paying  for 
it.  The  question  of  how  much  should  be  paid  is  not 
easy  to  determine.  The  fear  of  being  obliged  to  sell  at 
a  depreciated  value  and  penalized  for  mistakes  without 
being  correspondingly  rewarded  for  efficient  effort  is  a 
disturbing  and  a  well-grounded  fear  which  must  be  dis- 
pelled before  confidence  can  be  restored. 

So  far  the  necessity  for  such  confidence  has  not 
been  sufficiently  impressed  upon  the  public  mind,  which 
is  still  more  concerned  in  stopping  every  loop  hole  for 
the  escape  of  profit  into  the  investor's  pockets  and  does 
not  realize  that  in  stopping  profits  stability  has  been 
threatened,  confidence  destroyed  and  the  industry  has 
been  correspondingly  throttled.  It  may  well  be  doubted 
if  this  defect  will  ever  be  effectively  corrected.  Com- 
paratively few  people  can  be  induced  to  study,  much 
less  to  master  the  intricacies  of  some  one  else's  business 
and  as  far  as  the  general  public  feeling  is  concerned 
trolleys  are  "some  one  else's  business".  Add  to  this  a 
general  distrust  of  trolley  management  and  you  have 
practically  an  impossible  task.  Stated  another  way  the 
system  of  trolley  financing  heretofore  employed  is  no 
longer  available. 

Along  with  stability  must  come  a  reasonable  chance 
-of  profit.  The  man  who  is  satisfied  with  mterest  on 
his  money  and  peace  of  mind  will  buy  high  grade  bonds. 
He  who  is  willing  to  take  a  risk  demands  a  correspond- 
mg  chance  for  profit— but  he  must  be  given  this  chance 
or  why  take  the  risk?     At  present  there  practically  is 


no  chance  for  profit  in  building  trolleys.  All  public 
discussions  center  around  the  question,  what  is  "a  rea- 
sonable rate  of  return".  But  what  seems  reasonable  to 
the  buyer  will  not  at  all  satisfy  the  seller.  Inasmuch  as 
the  public  through  its  Commissions  can  say  what  is 
"reasonable"  and  as  the  public  is  the  buyer  of  transpor- 
tation, the  investor,  who  is  the  real  seller,  has  no  voice 
in  the  matter.  He  has  learned  this  fact  by  sad  exper- 
ience, so  now — he  puts  his  money  elsewhere. 

If  the  financing  of  trolleys  by  private  capital  be 
passing,  it  may  be  held,  with  still  less  room  for  argu- 
ment, that  public  ownership  also  has  failed.  Even  the 
most  ardent  advocates  of  this  method  admit  the  ab- 
sence of  initiative,  and  as  for  expansion— much  less  crea- 
tion— the  words  are  nen-existent  in  the  public  owner- 
ship vocabulary.  But  the  crux  of  the  whole  trolley  sit- 
uation is  the  need  for  this  very  expansion. 

If  we  are  to  have  more  and  more  trolley  lines,  and 
if  they  may  be  financed  neither  by  private  nor  by  pub- 
lic funds,  whence  is  the  money  to  come?  Chicago  has 
tried  a  partnership  plan — private  funds  buying  immunity 
from  franchise  and  regulatory  ills  by  giving  55  per- 
cent of  the  net  income  to  the  city.  But  this  was  an  ar- 
rangement made  with  the  corporations  under  duress  and 
it  is  further  economically  unsound  because  one  partner 
takes  all  the  risk  and  the  other  receives  the  lion's  share 
of  profit.  Besides  in  Chicago,  as  in  every  large  city,  the 
traffic  situation  differs  so  radically  from  those  in  smaller 
places  as  to  make  comparisons  misleading  and  danger- 
ous. Nevertheless  the  Chicago  plan  with  some  im- 
portant and  radical  changes  may  afford  a  solution.  Sup- 
pose, for  example,  that  in  the  very  beginning  of  a  trolley 
enterprise,  a  franchise  be  granted,  evaluated  and  paid 
for  in  stock,  (a  minority  interest)  to  be  owned  by  the 
municipality,  or  in  proper  proportion  by  each  of  several 
municipalities,  if  more  than  one  be  interested,  ^:  per- 
haps by  the  State.  The  public  thus  would  become  a 
partner  in  the  undertaking,  concerned  to  have  it  suc- 
ceed and  with  a  voice  in  its  management.  As  and  when 
the  system  grew,  the  municipality  would  become  en- 
titled to  subscribe  for  any  additional  stock  issues  for 
cash  on  the  same  basis  as  would  other  stockholders.  If 
the  project  proved  profitable  the  public  would  benefit 
proportionately.  Suitable  provisions  in  the  franchise 
could  insure  stability  and,  similarly,  in  the  legal  corpor- 
ate set  up,  could  prevent  manipulation.  The  retention 
of  control  by  private  interests  would  permit  the  exercise 
of  initiative  and  afford  needed  opportunity  for  the  rec- 
ompense that  results  from  skilful  operation  and  the  ex- 
ercise of  the  same  ripened  judgment  which  has  been 
responsible  for  electric  railway  success  in  the  past. 

The  foregoing  is  not  put  forward  as  a  plan,  merely 
as  an  idea,  needing  elaboration  of  course,  and  suscep- 
tible of  numerous  modifications.  It  does,  however,  ob- 
viate many  of  the  main  difficulties  that  have  beset  the 
paths  of  trolley  builders  in  the  past  by  making  antag- 
onists partners.  That  is  what  corporations  do  when 
they  have  fought  each  other  to  a  stand  still — they  com- 
bine. 
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THERE  is  a  feeling  among  street  railway  men  that 
an  awakening,  or  retin-n  to  life,  of  the  street 
railway  as  a  profitable  and  satisfactory  business 
has  already  begun,  and  in  fact  it  is  quite  far  on  the  way. 
This  is  recognized  principally  by  men  who  are  in  the 
habit  of  looking  forward 
and  of  judging  the  future 
by  some  fundamental  indi- 
cations which  sometimes 
are  not  apparent  on  the 
surface. 

An  awakening  or  return 
to  life  implies  the  opposite ; 
namely,  a  state  of  slumber 
or  stagnation.  We  must  ad- 
mit that  this  quite  thor- 
oughly describes  the  condi- 
tion of  the  street  railway 
business  during  the  imme- 
diate past.  Preceding  a  few  years  back,  the  street  rail- 
ways of  the  countiy  gradually  deteriorated  in  their  net 
earning  capacity  to  a  very  serious  extent.  This  was  due 
to  various  causes,  which  may  be  enumerated  as  follows : 

I — Change  in  the  political  relationship  of  the  railways; 
namely,  the  loss  of  the  close  understanding  between 
the  railway  operators  and  politicians,  and  the  appoint- 
ment of  Public  Service  Commissions  to  supervise  the 
operation  of  the  railways. 

(We  all  admit  now  that  this  was  a  benefit  to  the  rail- 
ways, but  temporarily  it  was  a  handicap). 

2 — The  competition  of  jitneys  and  automobiles.  While 
the  worst  of  this  is  perhaps  past  it  was  very  severe 
■■'/ile  it  lasted,  and  its  results  are  still  apparent  in  a 
very  serious  reduction  in  the  gross  earnings  of  many 
roads,  especially  the  small  ones. 

3 — The  loss  of  the  good  opinion  of  the  public  and  the 
gradual  building  up  in  the  public  mind  of  a  feeling  of 
distrust  and  belief  that  the  railways  were  over-capital- 
ized, were  not  giving  the  public  a  fair  show  and  ade- 
quate service  in  return  for  the  privileges  received — in 
fact  were  not  meeting  their  obligations  to  the  public. 

4 — The  loss  of  heart  and  enterprise  on  the  part  of  many 
of  the  men  operating  street  railways.  They  gradually 
worked  into  a  rut  and  very  few  of  them  could  see 
any  good  even  in  their  own  business.  In  many  cases 
they  were  men  of  apparently  little  imagination,  and 
therefore  could  not  foresee  developments. 

5 — A  very  serious  increase  in  the  cost  of  operation  and  of 
all  supplies  purchased  by  the  railways. 

6 — Finally,  as  a  result  of  all  the  above,  the  loss  of  the 
confidence    of    the    public   in    street    railway    securities. 

The  very  serious  condition  of  the  railways  is  illus- 
trated by  recent  testimony  before  the  Public  Service 
Commission  at  Albany,  in  which  28  different  companies 
in  that  rich  and  populous  section  were  petitioning  the 
Public  Service  Commission  for  increased  rates.  Pro- 
fessor Thos.  Conway,  Jr.,  an  expert,  testifying  in  favor 
of  the  railways  apphing  for  the  inciease,  stated  that 
the  net  corporate  income  of  27  of  the  28  Companies  had 
fallen  from  $1143294  in  1912,  to  $423711  in  1916. 
Only  seven  companies  showed  an  increase  in  net  in- 
come since   1912.     Fourteen  companies  failed  to  earn 


their  fixed  charges  in  1916.  Only  three  of  the  com- 
panies had  income  enough  to  enable  them  to  mnvket 
their  securities. 

History  has  never  shown  a  business  that  could  be 
run  witliout  money;  neither  has  it  shown  any  business 
capable  of  obtaining  money  from  the  investing  public 
unless  it  was  earning  a  proper  and  adequate  return  upon 
the  investment. 

Within  the  last  year  or  two  a  distinct  change  has 
taken  place.  Apparently  the  desperateness  of  the  sit- 
uation has  resulted  in  men  here  and  there  appearing 
who  have  looked  to  the  future,  and  out  of  their  neces- 
sities have  begun  to  evolve  methods  and  means,  which 
are  gradually  but  surely  meeting  conditions.  These  are 
men  of  imagination  and  ability  to  analyze  conditions 
and  suggest  remedies.  As  an  illustration  of  how  active 
this  new  thought  is,  in  a  recent  issue  of  the  Electric 
Railway  Journal  out  of  some  60  articles  treating  with 
various  phases  of  street  railways,  more  than  one-third 
had  to  do  with  the  re-awakening  of  the  railways. 

The  men  engaged  in  this  business  are  beginning  tO' 
lake  heart  and  quite  a  feeling  of  optimism  has  grown 
up.  This  optimism  has,  of  course,  at  the  present  time 
been  retarded,  owing  to  the  conditions  resulting  from 
the  war;  namely,  operating  costs  greater  than  ever, 
without  a  comparable  increase  in  earning  capacity. 
However,  in  general,  a  very  distinct  growth  is  taking 
place,  especially  in  the  thought  and  investigation  which 
are  being  put  upon  railway  problems,  not  only  by  the 
men  engaged  in  the  business  but  the  manufacturing 
companies,  and  in  some  cases  the  investing  public,  rep- 
resented by  the  bankers. 

The  road  which  must  be  traveled  in  order  to  place 
the  railways  on  a  more  satisfactory  paying  basis  is  not 
so  long  as  might  appear  at  first  thought.     The  differ- 
ence between  paying  dividends  and  not  paying  dividends 
is  only  six,  eight  or  ten  percent,  a  comparatively  small 
amgunt,  an  amount  which  may  be  represented  by  in- 
efiiciency  in  the  handling  of  almost  any  department.    It 
might  help  to  see  the  possibilities  of  a  renaissance  in 
the  street  railway  business  by  considering  specifically 
the  ways  in  which  greater  earning  capacity  is  coming 
and  will  come  about.    These  are  partially  as  follows  :— 
I— Automatic  substations  will  save  power  and  labor  costs ; 
•'—Purchase    of    power    from    central    stations,    with    the 
resulting  lower  cost  of   power,   due   to   shutting   down 
of    inefficient   and   small    stations   and   combunng   their 
requirements  with  large  central  stations; 
3— Study    of    service    and    re-arrangement    of    schedules, 
headways,  routes,  signs,  etc.,  resulting  in  greater  service 
to  the  public. 
4— Better  discipline  of   the  men  handling  the  public,   and 
consequent  greater  courtesy  and  mutual  regard  between 
the  company  and  the  public; 
^_The   study   and   practice   of   better  public   relations   be- 
tween the  railway  companies  and  the  public  whom  they 
serve.    This  is  very  apparent  and  indicaie:.  at  least  a 


THE    ELECTRIC    JOURNAL 


379 


realization  on  the  part  of  the  railway  men  that  they 
are  merchants  and  have  something  to  sell. 
6 — Possibilities  of  freight  earnings.  The  railways  are 
beginning  to  realize  that  there  are  great  possibilities 
in  freight,  as  well  as  passengers,  especially  during  the 
conditions  due  to  the  war,  when  the  steam  railways 
are  so  congested.  One  road  is  receiving  $200000  a 
year  gross  revenue  from  this  source,  where  about  two 
years  ago  their  earnings  were  practically  nothing. 

7 — Quick  service  safety  cars,  with  their  resulting  reduction 
in  cost  of  power,  in  maintenance  of  cars  and  tracks,  in 
laI)or  cost  and  the  possibility  of  operating  more  cars 
at  the  same  expense  in  power  and  labor.     This  is  one 


of   the  most  popular  subjects  at   the  present  time,  and 
is  beginning  to  have  wide  application,  there  having  been 
several  thousand  equipments  sold  already.     The  results 
in    the    way    of    increased    earnings    are   astonishing   in 
many  cases. 
The  above  list  is  incomplete  and  could  be  greatly 
enlarged,  but  it  serves  to  illustrate  the  path  along  which 
the  railway  business  is  now  proceeding;  namely,  greater 
economy,  greater  service,  greater  publicity,  greater  earn- 
ings, and  the  consequent  confidence  of  the  investing  pub- 
lic. 


F.  H.  Shepard 
Director  of  Heavy  Traction 
Wcstinghouse  Electric  &  Mfg.  Company 
IN   THE  RAILWAY   NUMBER  of  the  Journ.^l  of  last  year,  the  author  outlined  in  a  general 
way   the   prospect   of    railroad   electrification.     Since  that  time  the  whole  world  has  experienced  times 
of  greater  portent  than  any  in  all  history,   and  now  with  the  active  participation  of  the  United  States 
in  the  principle  of  liberty  of  action  and  democracy  for  all,  there  is  one  feature  uppermost  in  every- 
one's m.ind,  and  that  is — "Preparedness." 


F.  H.  Shei'.akd 


A  SUGGESTION  made  last  year  was,  that  the  need 
of  the  railroads  is  that  of  the  country;  that  is, 
increased  facilities  to  handle  traffic  with  despatch 
and  economy.  La;st  fall  and  winter  proved  to  everyone 
— if  he  were  capable  of  comprehending  it — that  the  em- 
b  a  r  g  o  e  s  necessitated  so 
largely  by  the  lack  of  rail- 
road facilities  reduced  his 
own  net  income,  through 
both  the  curtailment  of  in- 
dustry and  the  enhance- 
ment of  commodity  prices. 
On  the  other  hand,  had  the 
railroads  been  able  pre- 
viously to  increase  their  fa- 
cilities as  their  judgment 
dictated,  such  severe  em- 
bargoes would  have  been 
unnecessary,  the  fiowr  of 
traffic  would  have  been 
more  uniforin,  commodity 
prices  would  not  have  risen  to  such  extremes  and  in- 
dustry would  not  have  been  curtailed  or  burdened  with 
such  terrific  expense.  Had  a  broader  coinprehension  of 
the  railroads'  needs  existed  in  legislative  councils,  suffi- 
cient capital  for  a  constructive  program  on  our  rail- 
roads would  have  been  available  on  acceptable  terms, 
and  the  burden  on  each  individual  in  this  country  would 
have  been  lessened. 

There  has  been,  unfortunately,  in  a  Government 
such  as  ours  too  little  analytical  thought  in  the  deter- 
mination of  our  major  problems.  However,  with  the 
freedom  of  individual  thought  and  the  tremendous 
energy  and  ambition  of  which  individuals  are  capable, 
corrective  action  follows  when  situations  develop  to  a 
point  where  they  seem  to  be  intolerable.  The  history  of 
our  nation  shows  that  a  constructive  advance  is  finally 
secured,  although  it  may  not  be  and  usually  is  not 
reached  in  the  most  economical  manner.  This  is  evi- 
denced today  in  the  wonderful  achievements  in  the  way 


of  military  preparation  and  in  the  universal  unselfish  ser- 
vice for  the  control  of  all  transportation  and  industrial 
activities  to  one  end — the  most  expeditious  and  efficient 
conduct  of  our  participation  in  the  war. 

The  railroads  of  the  country  through  their  Ad- 
visory Board  to  the  Council  of  Defense,  have  independ- 
ently inaugurated  practical  means  for  intensive  opera- 
tion of  our  railroads  as  a  whole,  so  that  they  will  ob- 
tain the  utmost  traffic  movement  possible  with  the  ex- 
isting equipment  and  facilities.  This  secures  the  most 
advantageous  use  of  skilled  direction  of  the  railroad 
facilities  of  the  country  in  the  most  efficient  and  har- 
monious manner  possible.  Through  their  Commission 
on  Car  Service  particularly,  inefficient  and  wasteful 
practices  in  moving  commodities  have  been  materially 
lessened,  so  that  new  records  in  the  movement  of  traffic 
are  progressively  being  made. 

All  of  this  activity  tends  in  the  direction  of  inten- 
sified efficiency.  It  might  properly  be  asked  why  were 
such  methods  and  measures  not  adopted  in  prior  times. 
An  explanation  of  the  situation  rnight  readily  be  the  op- 
position in  legislative  councils  to  broad  co-operative  re- 
lationships and  the  tenacity  of  public  opinion  for  trivial 
or  fancied  service  advantages,  which  were  inefficient 
and  costly  to  the  railroads.  Now,  under  the  dictation  of 
military  necessity,  the  more  efficient  methods  are  ap- 
proved and  accepted  both  by  legislative  action  and  pub- 
lic opinion.  The  unselfish  co-operation  of  the  railroads 
f'uring  the  present  period  is  bound  to  create  a  reversion 
if  sentiment  from  that  which  has  been  prejudicial  to  the 
interests  of  the  great  transportation  industry.  When 
Once  the  public  mind  has  learned  the  necessity  for  lib- 
eral treatment,  the  railroads  should  •  become  progres- 
sively free  from  unreasonable  handicaps  in  their  opera- 
tions, and  be  able  to  secure  the  needful  capital  for  ju- 
dicious expansion  of  their  facilities.  That  is,  after  all, 
of  first  magnitude — a  problem  of  the  nation. 

The  past  year  has  been  one  of  grave  concern  to- 
the  managements  of  the  railroads,  not  the  least  cause 
of  which  has  been  due  to  their  labor  situation.    There  is 
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a  distinct  trend  towards  increased  compensation  to  all 
labor  and  diminution  in  hours  of  service,  which  was 
given  its  greatest  impetus  by  the  passage  of  the  Adam- 
son  Law.  The  curtailment  of  the  general  supply  of 
labor,  due  to  the  fearful  toll  and  diversion  of  the  war, 
is  becoming  more  and  more  acute.  This  will  be  com- 
pensated somewhat  by  diversion  of  classes  of  labor  to 
other  channels  never  before  occupied,  by  the  substitu- 
tion of  female  labor  in  many  tiuarlers,  but  withal  will 
result  in  a  very  serious  shortage  in  the  total  supply.  The 
general  result  of  this  will  be  a  vast  impetus  for  the  pro- 
duction and  adoption  of  mechanical  means  for  the  more 
efficient  use  of  labor.  In  the  railroad  field  the  most 
direct  method  for  this  accomplishment  can  be  reached 
thi-ough  electrification.  This  is  obtained  by  the  move- 
ment of  trains  with  greater  despatch  and  certamty  than 
is  possible  with  the  use  of  steam  power.  Innumer- 
able delays  incident  to  preparing  the  steam  locomotive 
for  .service,  taking  coal  and  water,  partial  or  complete 
steam  failure,  etc.,  are  eliminated  with  electric  service. 
The  ability  to  handle  larger  trains  at  higher  schedule 
speeds,  possible  through  the  assignment  of  electric  mo- 
li\e  power  of  vastly  greater  capacity  than  any  steam 
equipment,  will  economize  in  more  expeditious  move- 
ment of  traffic,  in  terminal  time,  in  simplification  of 
train  make-up,  and  in  lessened  time  for  meets,  with  a 
greater  saving  in  equipment  as  well. 

Any  problem  due  to  shortage  of  labor  has  of  neces- 
sity to  be  ultimately  overcome.  Problems  involving 
economy  can  be  borne  with  at  a  price.  The  past  year 
has  greatly  emphasized  the  opportunity  for  economies 
of  electrified  operation.  Of  conspicuous  importance  is 
the  supply  of  fuel.  It  should  be  borne  in  mind  that  one- 
fourth  of  all  the  fuel  mined  in  the  United  States  is  for 
railroad  use,  and  that  the  movement  of  this  alone  forms 
a  very  considerable  part  of  the  traffic  necessities  of  the 


railroads.  In  the  case  of  hydro-electric  power,  fuel  is 
entirely  supplanted  ;  in  the  case  of  steam  generated  elec- 
tric power,  about  fifty  percent  of  the  fuel  only  is  re- 
quired; further,  it  is  possible  in  many  cases  to  locate 
generating  stations  in  proximity  to  the  source  of  coal 
supply,  thereby  saving  much  movement  of  railroad  fuel. 
Along  with  the  high  cost  of  fuel  has  been  experienced 
extreme  difficulty  in  securing  an  adequate  supply.  This 
is  due  again  to  shortage  of  labor,  at  the  mines. 

The  recent  noteworthy  development  of  the  steam 
locomotive  has  been  accompanied  bj'  its  greater  compli- 
cation as  a  machine,  so  that  the  cost  of  maintenance,  as 
well  as  the  necessit}'  for  skilled  labor  in  its  upkeep,  has 
been  in  many  cases  a  serious  problem  which  has  been 
conspicuously  emphasized  during  the  year.  The  greater 
simplicity  and  ruggedness  of  construction  of  the  electric 
locomotive  provide  a  very  great  freedom  from  this 
handicap.  It  is  interesting  to  note  that  in  anv  adoption 
of  electric  power  for  railroad  service,  commencing  with 
each  initial  operation,  there  has  been  a  distinct  and 
progressive  advantage  in  reliability  of  operation,  as 
compared  with  steam.  The  electric  locomotive  of  today, 
in  its  ability  to  handle  the  heaviest  trains  in  congested 
service,  to  make  long  sustained  runs  and  to  remain  con- 
tinuously in  service,  has  demonstrated  its  unquestion- 
able su[)eriority  over  any  method  of  steam  operation. 

That  electrification  will  be  widely  extended  in  rail- 
road service  is  assured.  It  is  evident  that  this  ac- 
tivity would  be  here  to-day,  provided  the  manufactur- 
ing facilities  now  having  first  call  for  military  needs 
were  available  for  such  production.  This  belief  is 
founded  upon  the  conviction  that  the  large  financing 
needful  for  the  railroads  will  be  assured  by  open  and 
fair-minded  treatment  secured  by  public  opinion 
throuuh  llieir  legislati\e  councils. 
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Lynn   G. 

N  ANALYSIS  of  the  underlying  ]irincii)les  which 
are  responsible  for  the  successful  operation  of 
electro-pneumatic  railway  control,  reveals  some 
very  interesting  and  un- 
usual circumstances  con- 
nected with  the  twenty 
years  of  its  development. 
With  scarcely  an  excej)tion, 
the  original  well-recognized 
fundamentals  of  both  the 
design  and  the  application 
of  the  rectangular  switch 
group  and  its  accessory  ap- 
]>aratus,  have  been  perpet- 
uated, without  radical 
change,  in  the  present 
standard  lines  of  control 
equii^ment.      This   is  prob- 
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ably  the  only  .system  of  control  manufactured  in 
America  regarding  which  such  a  statement  can  be  made. 
For  se\'eral  years  dexelopment  was  slow,  due  to 
what  now  ajjpears  to  have  been  a  premature  effort  to 
ai>]>ly,  universally,  the  storage  batter}'  system  of  control 
with  automatic  acceleration.  The  field  for  the.se  features 
in  their  original  form  was  undoubtedly  small  at  that 
time,  but  recent  developments  point  to  their  general 
adoption,  to  the  exclusion  of  other  systems,  on  a  ma- 
jority of  railway  systems.  Subsequent  extensive  refine- 
ments in  details  and  improved  methods  of  adapting  the 
svstem  to  the  needs  of  individual  installations,  have 
demonstrated  that  the  storage  battery  and  automatic 
control  principles,  which  were  at  first  only  partially  suc- 
cessful, are  now  established  as  being  among  the  more 
important  of  the  original  elements  of  success,  which 
mav  be  enumerated  brieflv  as  follows  : 


THE    ELECTRIC    JOURNAL 


^,8i 


I — Compressed  air, 

2 — Unit  construction. 

3 — Accumulative  blowout. 

4 — Double  compartments. 

5 — Battery  control. 

6 — Automatic  acceleration. 

COMPRESSED  AIR 

Progress  was  also  dela3ed  by  a  vague  prejudice 
among  operators  against  the  use  of  compressed  air.  This 
has  long  since  vanished,  in  view  of  the  universal  use  of 
pneumatic  apparatus  in  numerous  industries,  railway 
signals  and  track  switches,  as  well  as  on  railway  equip- 
ments. It  is  now  common  practice  to  use  compressed  air 
for  operating  all  main  circuit  apparatus.  The  manipula- 
tion of  motor  switches,  drum  type  reversers  and  similar 
parts  by  an  air  cylinder  requires  a  straight  line  motion 
of  between  one  and  two  inches.  Practically  unlimited 
power  can  be  confined  in  a  sinall  space,  insuring  reliable 
operation  even  under  extreme  conditions  of  temperature 
and  neglect. 

One  of  the  principal  advantages  in  using  com- 
pressed air  instead  of  electric  power,  is  that  the  force 
available  for  closing  the  unit  switches  is  constant  and  in- 
dependent of  fluctuations  in  line  voltage.  Power  is  local 
on  each  car  instead  of  being  transmitted  from  the  lead- 
ing car,  and  being  subject  to  fluctuations  in  the  supply, 
as  well  as  to  interruptions  due  to  section  circuit 
breakers,  defective  current  collectors,  sleet  on  the  wire 
and  similar  conditions. 

The  manipulation  of  compressed  air  at  pressures  of 
seventy  pounds,  requires  a  very  small  thrust  on  the  valve 
stems,  inasmuch  as  the  volume  of  air  required  is  negli- 
gible compared  to  the  volume  used  by  the  brakes,  and 
the  air  ports  are  smaller  in  proportion.  It  is,  therefore, 
possible  to  operate  the  valves  with  a  small  amount  of 
electrical  energy  at  either  high  or  low  voltage,  and  imder 
all  conditions  the  operating  range  can  be  made  so  great 
that  reliable  operation  is  always  assured. 

UNIT  CONSTRUCTION 

The  principle  of  unit  construction  has  been  fol- 
lowed out  to  the  point  where  it  is  a  distinct  manufactur- 
ing as  well  as  an  operating  advantage.  Various  details 
which  go  to  make  up  a  switch  unit  are  so  arranged  that 
any  part  is  readily  accessible,  and  this  has  led  to  flexibilitv 
in  an-angement  and  in  the  grouping  of  various  numbers 
of  sv.itches  in  a  single  frame,  as  conditions  may  require. 
The  switches  are  independent  electrically,  as  well  as  me- 
chanically, so  that  an  unlimited  number  of  combinations 
and  adaptations  are  possible. 

ACCUMULATIVE    BLOWOUT 

Co-ordinated  with  the  principle  of  unit  construction 
is  the  arrangement  of  magnetic  blowout  whereby  the 
frame  structure  forms  the  return  magnetic  circuit  for  all 
of  the  series  blowout  coils ;  the  flux  passing  from  switch 
to  switch  through  the  entire  length  of  the  group.  This 
makes  the  blowout  flux  accumulative,  due  to  the  blowout 
coils  being  in  series  magnetically,  as  well  as  electrically, 
and  thus  produces  an  unusually  effective  magnetic  blow- 
out    action.  l"nder    conditions    where    one    particular 


switch  works  momentarily  on  low  current,  adjacent  coils 
serve  to  maintain  the  full  strength  of  blowout. 

DOUBLE  COMPARTMENTS 

It  is  essential  to  have  the  cable  compartments  of  the 
switching  apparatus  isolated  from  the  arcing  compart- 
ments, under  present-day  conditions  of  increased  line 
voltages  and  power-station  capacities.  Vicious  arcing  re- 
sults not  only  from  these  conditions  in  the  power  supply, 
but  also  from  the  high  inductive  effects  of  the  commuta- 
ting  poles  and  strong  main  fields  of  modern  field  control 
motors.  The  gas  must  be  kept  away  from  any  connec- 
tions where  points  of  different  potential  are  exposed. 
The  principle  of  locating  all  terminals  and  cables  in  a 
separate  compartment  has  alwa3"s  been  a  feature  of  the 
unit  switch  group. 

BATTERY   CONTROL 

Reference  has  been  made  to  the  small  amount  of 
energ}'  required  to  operate  tlie  standard  valve  magnet. 
When  battery  control  was  first  advocated,  it  was  with  a 
full  realization  that  low  control  voltage,  having  absolute 
continuity  independent  of  the  power  supply,  has  very 
decided  advantages.  However,  the  commercial  storage 
battery  was  comparatively  new,  and  its  care  and  main- 
tenance not  generally  understood,  with  the  result  that  its 
universal  application  proved  iinpracticable  at  that  time. 
The  small  margin  of  operating  voltage  in  the  seven-cell 
battery  was  not  enough  to  give  reliable  operation,  when 
the  care  and  charging  of  the  batteiy  were  neglected. 

Through  various  mediums,  such  as  the  automobile, 
the  storage  battery  has  now  reached  a  high  state  of  de- 
velopment, and  its  characteristics  are  universally  under- 
stood. Several  large  railway  installations  have  retained 
the  battery  from  the  first,  and  recently  an  increasing 
number  of  railway  operators  have  come  to  realize  the 
usefulness  and  safety  features,  not  only  for  motor  con- 
trol, but  for  emergency  lights,  signals,  marker  lights, 
door  engines  and  all  the  auxiliar}-  apparatus  requiring 
remote  manipulation.  The  thirty-two  volt  battery  is  now 
virtually  standard  for  such  applications. 

There  are  always  conditions,  particularly  on  small 
installations,  where  a  batter}-  is  out  of  place.  However, 
the  field  for  batterj-  control  is  widening,  and  the  system 
will  alwa)'s  be  very  desirable  in  eliminating  the  arcing 
and  insulation  troubles  incident  to  the  use  of  line  voltage 
on  the  master  controller,  the  control  interlocks  and  other 
control  circuit  details.  This  is  particularly  important  in 
the  jumpers  between  cars,  where  high  voltage  arcing  is 
almost  sure  to  cause  false  operation. 

AUTOMATIC    ACCELERATION 

Among  the  fundamentals  of  control  operation,  the 
most  important  is  the  system  of  automatic  acceleration 
and  positive  progressive  interlocking,  whereby  the  series 
relay  maintains  a  constant  average  current  in  the  motors 
throughout  the  accelerating  period.  The  advantages  of 
safety  in  handling  long  trains,  and  in  protection  for  the 
entire  equipment  against  overloads,  are  nf  prime  impor- 
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tance.  tlowever,  on  properties  having  a  very  irregular 
profile  with  grades  of  ten  percent  or  more,  a  fixed  cur- 
rent rate  is  not  always  adequate.  It  is  also  sometimes 
desirable  to  adjust  the  accelerating  rate  in  proportion  to 
the  load. 

Recently  an  extension  of  the  field  of  automatic  con- 
trol to  cover  such  conditions  has  been  made  possible  by 
the  application  of  a  multiple  setting  series  limit;  the 
variation  in  setting  being  accomplished  by  a  shunt  coil, 
and  being  governed  either  by  the  load  on  the  car,  or  at 
the  will  of  the  operator.  By  this  means,  the  advantage 
and  protection  of  automatic  control  can  be  secured,  even 
for  equipments  working  under  adverse  conditions  of 
grade  and  varying  load. 

The  principle  of  two-wire  control  is  a  safety  fea- 
tu.  c  found  only  in  railway  apparatus.  The  chances  for 
faulty  operation  are  reduced  to  the  absolute  minimum 
by  depending,  not  on  one  wire,  but  on  two  and  in  some 
cases  three  wires  in  the  control  circuit,  to  apply  power  to 
the  motors. 

Another  safety  feature  is  the  positive  control  of  all 
functions.  Control  circuits  are  always  closed  to  start 
operation  and  opened  to  stop.  The  failure  of  a  contact 
is  a  positive  failure  and  prevents  operation,  rather  than 
causing  the  operator  to  lose  control  of  the  train. 

DEVELOPMENT 

In  keeping  pace  with  changing  operating  conditions, 
various  other  features  have  been  added,  such  as  the  fol- 
lowing : — 

Large  capacity  apparatus,  designed  along  lines  iden- 
tical with  die  original  unit  switch,  has  been  adapted  for 
use  on  heavy  main  line  locomotives,  both  for  low  and 
high  voltage  direct-current,  and  for  single-phase  equip- 
ments. Unit  switches  have  been  applied  as  circuit 
breakers  for  all  classes  of  equipment,  such  as  line 
switches  for  K  controilers,  and  various  main  motor  and 
auxiliary  functions. 

The  most  important  single  adaptation  is  found  in 
"HL"  control.  Here  the  essential  appai'atus  has  been  re- 
duced to  an  absolute  minimum  of  space  and  simplicity ; 
and  while  intended  primarily  as  a  single-car  proposition 
with  the  principal  advantage  of  safety  and  low  main- 
tenance, its  use  has  been  extended  to  train  operation  and 
to  a  variety  of  kinds  of  service.  A  unit  switch  line 
switch  and  a  PK  operating  head  added  to  a  standard  K 
controller  have  opened  up  the  possibility  of  converting 
old  equipments  to  automatic  train  operation.  A  light- 
weight unit  provides  HL  control  for  the  smaller  class  of 
city  cars. 

Space  restrictions,  incident  to  die  light-weight  cam- 
paign, have  led  to  the  combining  of  various  control  de- 
tails in  a  single  box  where  they  can  be  mounted  under 
cars  having  low  floors  and   connected  to   the  motors  at 


minimum  expense.  The  apparatus  is  wired  complete  and 
is  in  operating  condition  before  mounting.  A  one-piece 
control  equipment  with  proper  separation  between  the 
parts  of  different  potential,  is  found  to  be  entirely  re- 
liable. Such  combinations  are  now  used  in  simple  form, 
on  small  surface  cars  and  also  on  large  subway  auto- 
matic equipments. 

A  wide  latitude  in  the  operating  range  of  the  stand- 
ard magnet  valves  has  permitted  a  virtual  standardiza-" 
tion  of  battery  operating  voltages ;  this  voltage  being 
fixed  so  as  to  accommodate  other  auxiliary  apparatus  on 
the  cars,  such  as  emergency  lights,  signals  and  other  ac- 
cessories. Refinements  in  details  have  contributed 
largely  to  increased  reliability  and  have  greatly  facili- 
tated inspection  and  maintenance  operations.  The  valve 
magnet  air-gap  has  been  increased,  giving  greater  toler- 
ance for  wear  and  adjustment.  Grades  of  lubricant  for 
piston  leathers,  materials  for  interlock  fingers  and  in- 
sulation, the  form  and  composition  of  arcing  horns  and 
arc  boxes,  soldering  methods,  relay  contacts,  rust  pre- 
vention, and  a  myriad  of  other  details  have  received 
special  attention. 

SUMMARY 

The  advisability  of  the  interlinking  of  all  apparatus 
on  a  car  is  becoming  more  and  more  apparent.-  The  elec- 
tro-pneumatic brake  interconnects  with  the  control  to 
secure  essential  features  of  safety,  and  at  the  present 
time  electro-pneumatic  valves,  duplicates  of  the  parts  of 
unit  switch  control,  are  being  used  in  door  engines  and 
similar  auxiliary  parts.  There  are  distinct  safety  fea- 
tures in  using  the  same  source  of  operating  power  for 
the  control  and  for  the  brakes,  since  the  train  cannot  be 
started  unless  air  is  available  for  stopping.  Through  the 
medium  of  the  air  brake,  railway  operating  men  have 
become  familiar  with  the  habits  of  compressed  air. 
Freezing,  which  was  once  a  bug-bear,  is  now  practically 
eliminated  by  the  simple  cooling  methods  used  for  se- 
curing dry  air.  C!!ompressed  air  is  unquestionably  the 
best- known  means  for  accomplishing  the  variety  of 
functions  required  on  a  railway  vehicle. 

In  view  of  the  rapid  strides  made  in  railway  devel- 
opment during  the  last  twenty  years,  it  is  not  unreason- 
able to  predict  that  the  electric  train  of  the  future  will 
have  a  single  master  controller  governing  all  control, 
brake,  door,  signal  and  other  auxiliary  functions,  and 
will  operate  all  apparatus  electropneumatically,  with  no 
air  lines  or  main  power  connections  between  cars.  When 
this  goal  is  realized,  it  is  only  a  step  farther  to  the  auto- 
matic car  or  train,  controlled  entirely  from  dispatching 
towers  and  protected  by  speed  zones  and  safety  stops. 
The  entire  system  can  well  be  worked  out  along  the  lines 
of  the  present  remote  control  principles  which  have  es- 
tablished and  maintained  the  lead  for  the  electropneu- 
matic  multiple  unit  system. 
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IN  COMPARING  the  performance  of  steam  and 
electric  locomotives,  it  is  well  to  bear  in  mind 
certain  general  facts  pertaining  to  them.  The 
modem  steam  locomotive  is  a  highly  developed  ma- 
chine, the  product  of  nearly  a  century  of  invention,  re- 
search and  experiment.  Thousands  of  men  have  spent 
their  lives  in  improving  steam  motive  power  and  hun- 
dreds of  thousands  are  engaged  daily  in  operating  and 
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FIG.    I— TYPICAL    STEAM    LOCOMOTIVE    PERFORM  A  NCK    CURVES 
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.-Atlantic 4-4-2 

Pacific,    4-6-2 

Consolidation,  .2-8-0 

Mikado,    4-8-2 
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Passenger 

468  000 

202  880 
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410  000 

223  300 

4.32 

Freight 

503  100 
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4.05 

Fre;ght 

555  000 

323  500 

4.23 

Freight 

384  000 

336  800 
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mamtaining  it.  In  the  past  decade,  the  application  of  su- 
perheaters, mechanical  stokers,  arches,  feed  water  heat- 
ers, etc.  has  increased  efficiency  and  service  perform- 
ance greatly.  The  natural  result  is  that  the  steam  loco- 
motive is  an  extremely  flexible  machine,  remarkably  well 
adapted  to  its  purpose.  However,  it  is  not  perfect,  due 
to  its  inherent  limitations. 

The  electric  locomotive  for  heavy  duty  is  less  than 
25  years  old,  but  the  experience  of  ten  years  of  street 


car  and  light  mining  locomotive  service  was  available  in 
connection  with  designing  the  electrical  equipment.  Of 
course,  steam  locomotive  practice  was  also  of  great  help 
in  laying  out  the  running  gear,  draft  rigging,  equalizing 
system,  brake  equipment  and  cab  supports.  Conse- 
quently, rapid  progress  has  been  made  in  electric  loco- 
motive design  and  construction,  mostly  in  the  last  ten 
years.  The  number  of  electrified  railroads  is  relatively 
small  and  the  percentage  of  the  total  heavy  rail  trans- 
portation electrically  operated  is  almost  negligible,  but 
the  electric  locomotives  in  service  are  meeting  success- 
fully many  of  the  most  severe  conditions  found  in  rail- 
road operation.  In  comparison  with  those  who  have 
developed  the  steam  locomotives  and  those  who  are  op- 
erating and  maintaining  them,  the  number  of  men  en- 
gaged in  the  production  and  utilization  of  electric  lo- 
comotives is  small.  Therefore,  it  is  reasonable  to  sup- 
pose that  the  possibilities  of  the  electric  locomotives  are 
far  from  being  exhausted  and  that  future  development 
will  produce  superior  machines  which  will  make  the 
present  ones  seem  amateurish. 

The  steam  locomotive  is  a  variable  speed  machine, 
capable  of  developing  practically  constant  horse-power 
over  a  wide  range  of  speed.  In  starting  a  train,  under 
good  rail  conditions,  the  tractive  effort  is  limited  chiefly 
by  the  amount  of  steam  the  cylinders  can  use,  with  the 
adhesion  between  drivers  and  rails  as  a  secondary  lim- 
itation. Under  bad  rail  conditions,  the  weight  on  the 
drivers  may  be  the  limiting  factor  in  starting.  After 
the  train  is  under  way,  the  amount  of  steam  which  the 
boiler  can  deliver  limits  the  performance.  With  con- 
stant boiler  output  tlie  tractive  effort  varies  inversely 
with  the  speed.  Large  locomotives,  hand-fired,  may  be 
limited  in  output  by  the  fireman's  ability  and  capacity 
for  sustained  effort.  The  engineman's  skill  in  utilizing 
the  boiler  output  is  also  a  factor.  Conditions  such  as 
dirty  fires,  leaky  joints,  etc.  which  occur  more  or  less 
frequently,  further  limit  the  steam  locomotive's  output 
and  it  may  be  said  safely  that  steam  locomotives  in  ser- 
vice very  often  fall  below  the  performance  of  which 
they  are  capable  when  in  perfect  condition  with  the 
human  element  working  at  full  efficiency.  On  the  other 
hand,  a  steam  locomotive  can  deliver  continuously  its 
full  power  under  specific  conditions  without  any  great 
danger  of  being  injured. 

The  maximum  performance  of  several  typical 
steam  locomotives  is  shown  in  Fig.  i.  The  actual  con- 
ditions encountered  in  maintenance  and  operation  cause 
the  average  performance  to  be  considerably  below  that 
indicated  by  the  curves.  In  other  words,  at  a  given 
speed,  the  tractive  effort  will  be  lower  or  at  a  given 
tractive  effort,  the  speed  will  be  lower.  In  either  case 
the  horse-power  output  is  reduced. 

An  excellent  feature  of  the  steam  locomotive  is  its 
ability  to  develop  any  tractive  effort  within  its  capacity 
at  a  number  of  speeds  below  the  maximum  speed  with 
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that  tractive  effort.  Thus,  it  is  well  adapted  to  meet 
the  service  requirements  Lmposed  by  curvature,  slow  or- 
ders and  similar  conditions.  Some  types  of  electric  lo- 
comotives are  less  flexible  in  this  respect. 

The  electric  loco- 
motive is  a  variable 
output  machine,  the 
developed  horse- 
power varying  with 
the' tractive  effort  de- 
m  a  n  d  e  d  of  it.  In 
starting,  the  tractixe 
effort  is  limited  us- 
ually by  the  weight 
on  the  drivers,  except 
for  high-speed  pas- 
se n  g  e  r  locomotives, 
which  often  would  be 
vmeconomically  d  e- 
FiG.  2-PERF0RM..VNCE  cH.xRACTER-  sigHcd  if  arranged  to 
isTics  OF  A  DiRECT-cuRREXT  LOCO-     dclivcr    thc    grcatcst 

MOTIVE   WITH    SERIES    MOTORS  ^^.^^^;^^       ^^^^^ 

Having   two   swivel,   0-4-0   trucks.  . 

total  weight— 120000  pounds;  weight  sible  under  conditions 
on  drivers— 120000  pounds;  ratio  q£  maximum  adhe- 
of  adhesion — 3.0.  .  „, 

s  1  o  n.      The   starting 

tractive  effort  of  such  passenger  locomotives  and  of 
some  freight  locomotives  is  limited  by  motor  commuta- 
tion or  by  temperature  considerations.  The  tempera- 
ture attained  is  a  function  of  the  initial  temperature,  the 
load  on  the  equipment,  the  time  that  load  must  be  main- 
tained and  the  rate  at  which  the  heat  generated  by  losses 
in  the  equipment,  can  be  dissipated. 

The  continuous  capacity  is  limited  by  the  tempera- 
tures which  are  safe  for  the  continuous  operation  of 


tion  is  safe  only  when  the  initial  temperature  is  low  or 
the  overload  condition  is  followed  by  a  period  of  load 
below  the  locomotive's  continuous  capacity.  Therefore, 
unless  an  electric  locomotive  is  designed  with  sufficient 
ca])acity  to  develop  continuously  a  tractive  effort  cor- 
responding to  the  maximum  adhesion  when  running  un- 
der ordinary  conditions,  it  may  be  subjected  to  service 
which  will  overheat  and  damage  it  more  or  less  quickly,  • 
depending  upon  the  degree  and  frequency  of  abuse. 
The  fact  that  the  equipment  can  be  abused  considerably 
without  producing  immediate  evidence  of  that  abuse 
and  without  at  once  making  the  locomotive  inoperative 
is  a  feature  which  may  tempt  the  transportation  depart- 
ment of  a  railroad  to  disregard  ratings  and  continually 
overload  electric  locomotives,  ultimately  producing  ex- 
cessive maintenance. 

Several  general  types  of  electric  locomotive  equip- 
ment, having  different  performance  characteristics,  have 
been  developed.  The  oldest  is  a  variable  speed  ma- 
chine with  direct-current  scries  motors  and  series-par- 
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FIG.    3 — PERFORMANCE    CHARACTERISTICS    OF    A    DIRECT-CURREXT 

LOCOMOTIVE,   WITH    COMMUTATING-POLE,    SERIES    MOTORS 

Of  the  articulated  4-4-4-4  type;  total  weight — 312000 
pounds;  weight  on  drivers — 200000  pounds;  ratio  of  adhesion 
— 3-33- 

the  various  parts  of  the  electrical  equipment.  The  elec- 
tric locomotive  is  capable  of  operating  under  loads 
greatly  in  excess  of  its  continuous  capacity,  but  the 
time  of  such  overload  operation  is  limited.    Such  opera- 
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FIG.    .J- PERFORMANCE    CHARACTERISTICS    OF    AN    ALTERNATING- 
Cl.'RRENT    LOCOMOTIVE    WITH    SERIES    MOTORS 

Of  the  articulated,  2-4-4-2  type;  total  weight— 226000 
pounds;  weight  on  drivers— 173 000  pounds;  ratio  of  adhesion 
— 4-33- 

allel  control.  The  characteristic  curves  of  a  60  ton  lo- 
comotive of  this  variety  are  given  in  Fig.  2  and  show 
very  clearly  that  it  is  a  variable  output  machine,  cap- 
able of  developing  full  horse-power  at  a  single  speed 
and  full  continuous  tractive  effort  at  only  two  speeds. 
It  .should  be  noted  that  running  at  any  definite  tractive 
effort  is  possible  at  only  two  speeds  with  this  type  of 
equipment.  The  application  of  three-speed  control 
would  permit  securing  full  tractive  effort  at  a  third 
speed  approximately  one-half  of  that  shown  by  the 
lower  curve  of  Fig.  2. 

An  improvement  in  this  type  of  locomotive,  made 
operative  by  the  use  of  commutating  poles  on  the  mo- 
tors, is  the  application  of  field  control,  as  illustrated  by 
Fig.  3  for  a  160  ton  passenger  locomotive.  This  feature 
doubles  the  number  of  operating  sjieeds  as  compared 
with  Fig.  2  and  enables  full  horse-power  to  be  developed 
at  two  speeds.  Extension  of  this  feature  will  produce 
a  machine  having  constant  output  at  as  many  speeds  as 
desired,  between  the  two  speeds  shown  in  Fig.  2.  In 
other  words,  such  a  locomotive  can  be  made  a  constant 


THE    ELECTRIC    JOURNAL 


385 


horse-power  machine  (similar  to  a  steam  locomotive) 
over  a  limited  range  of  speed.  The  low  j-atio  of  adhe- 
sion shown  in  Figs.  2  and  3  represents  the  maximum  ca- 
pacity of  the  electrical  equipment  and  cannot  be  ob- 
tained except  on  good  track,  well  sanded. 
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KIC.    5 — PERFORMANCE    CHARACTERISTICS    OF    AN    ALTERN..\TIXG- 
CURRENT    LOCOMOTIVE    WITH    POLYPHASE    INDUCTION    MOTORS 

Of  the  articulated,  2-6-6-2  type;  total  weight — 4S0000 
pounds;  weight  on  drivers — 396000  pounds;  ratio  of  adhesion 
— 344- 

A  third  tyjie  of  locomotive  is  equipped  with  alternat- 
ing-current series  motors  and  voltage  control.  Fig.  4 
shows  that  this  is  a  variable  output,  variable  speed  ma- 
chine and  may  be  designed  for  any  number  of  operating 
speeds  desired.  The  full  horse-power  output  is  ob- 
tained at  a  single  speed,  but  approximately  constant  con- 
tinuous horse-power  may  be  developed  over  a  consid- 
erable range  of  speed.  Full  running  tractive  efifort  may 
be  secured  throughout  a  wide  range  of  speed. 

Locomotives  equijiped  with  induction  motors  oper- 
ate on  alternating  current  and  develop  variable  output 
at  constant  speed.  Full  horse-power  is  developed  at  a 
single  speed  and  variable  tractive  efifort  at  from  one  to 
four  speeds.  Varying  the  motor  connections  by  pole- 
changing  or  cascading  gives  the  operating  speeds  below 
that  with  the  smaller  number  of  poles  and  motors  in 
parallel.  With  any  specific  arrangement  of  motors,  the 
speed  is  practically  constant  throughout  the  entire  range 
of  tractive  efifort.  The  characteristic  curves  of  a  loco- 
motive of  this  type  are  shown  in  Fig.  3.  This  type  of 
locomotive  returns  power  to  the  line  automatically  when 
on  a  down  grade  of  sufificient  amount  to  overcome  the 
train  resistance  and  losses  in  the  locomotive.  The  other 
types  of  locomotives  can  be  provided  with  this  feature 
with  more  or  less  complication  in  the  control. 

In  Fig.  6  are  shown  the  operating  characteristics  for 
a  four  car  train  in  suburban  or  local  service  with  three 
types  of  motive  power ;  first,  the  steam  locomotive  of 
Fig.  I- (a)  ;  secf)n(l,  the  electric  locomotive  of  Fig.  4;  and 


power  is  that  which  may  be  maintained,  day  in  and  day 
out,  exce]it  in  cases  of  road  failure  of  equipment,  which 
is  rare.  The  weight  data  indicate  the  improvement 
which  can  he  secured  by  electric  equipment,  both  in  re- 
ducing total  train  weight  and  in  increasing  the  weight  on 
the  drivers  which  is  available  for  insuring  quicker  and 
more  certain  starts.  This  better  weight  efficiency  of  the 
electric  locomotive  is  largely  the  natural  result  of  elim- 
inating the  boiler,  tender,  water  and  fuel  sui)ply  which 
form  such  a  large  part  of  the  steam  locomotive's  weight. 
( )ther  improvements  in  locomotive  performance 
can  be  obtained  by  the  use  of  electrical  equipment,  such 
as ; — greater  reliability,  more  definite  speed  and  closer 
adherence  to  schedules.  Comparison  of  the  curves  in 
Figs.  I  to  5,  will  demonstrate  that  an  increased  demand 
for  tractive  efifort  to  ascend  grades  or  haul  greater  ton- 
nage will  reduce  the  speed  of  an  electric  train,  with  any 
type  of  locomotive,  less  than  that  of  a  steam  train.  In 
addition,  the  reduction  in  fuel  consumed  with  electric 
service  is  enormous.  Where  water  power  is  available, 
practically  all  of  the  fuel  is  conserved  for  other  uses 
and  where  power  is  taken  from  a  steam  plant  equipped 
with  large  modern  units,  one  pound  of  coal  in  the  power 
house  can  be  made  to  produce  twice  as  much  transpor- 
tation as  a  pound  burned  in  steam  locomotives.  The 
concentration  of  very  much  greater  power  in  a  single 
locomotive  unit,  the  ability  to  operate  two  or  more  units 
with  a  single  engine  crew,  and  the  resulting  increased 
size  of  train  all  tend  to  reduce  the  number  of  engine- 
men  and  trainmen  required  to  produce  a  given  amount 
of  serx'ice  electrically.  A  similar  reduction  in  mainte- 
nance and  inspection  forces  also  comes  through  the  elim- 
ination of  secondary  engine  terminals,  the  reduction  in 
classes  of  repairmen  required,  and  the  smaller  amount 
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6 — OPERATING    CHARACTERISTICS 


Multiple  Unit  Cars. . . 
Electric  Locomotive 

of  Fig.  4 

Steam    Locomotive  of 

Fig.  1  (a)   


248 
304 
346 


Weight  of 

Motive 

Power 

E<iuipnient 


60 
113 

155 


Weight  o 
Drivers 
ill  Tons 


140 

84 
59 


Acceleratii 

in  Miles 

per  Houi 

per  Secon 


0.86 
0.72 
0.65 


third,  the  motor  equipment  of  the  electric  locomotive 

distributed  among  the  cars  to  form  a  multiple  unit  train.  Braking  Rate— 1.5  miles  per  hour  per  second. 

It   is   interesting  to  note   that   the   steam   performance  of  repair  work  to  be  done.     It  is  the  familiar  story  of 

shown  is  the  maxhnmn  and  that  the  average  in  actual  replacing    man-power    with  mechanical    devices.     The 

service  would  hardly  exceed  90  percent  of  this  maxi-  conservation  of  men  and  resources  by  electrification  of 

mum,  for  reasons  previously  mentioned.     On  the  other  steam  railways  is  especially  pertinent  at  the  present  time 

hand,  the  performance  shown  with  the  electric  motive  and  is  likely  to  become  more  so  from  year  to  year. 


Walter  ^'.  TirRXER 

Manager  of  Engineering, 

Wcslinghouse  Air  Brake   Company 


Walter  V.  Turner 


A  TRAIN  in  motion  is  different  from  a  train  at  rest 
in  the  energy  it  contains.  To  bring  a  moving  train 
to  rest  it  is  necessary  to  remove  this  energy,  and 
until  recently  the  only  practicable  means  for  doing  this 
has  been  to  cause  the  energy  to  flow,  in  the  form  of  heat, 
from  the  train,  through  the 
brake  shoes  applied  to  the 
^^■PBjk  wheels,  to  be  dissipated  in 

/Kp^^  ^\,  the    surrounding    a  t  m  o  s- 

Jft  phere.  A  modern  passenger 

T^  train  of  14  cars  and  two  lo- 

comotives, having  a  total 
weight  of  1450  tons,  and 
traveling  at  a  speed  of  60 
miles  per  hour  has  an 
energy  content  that,  could 
it  be  properly  directed  and 
harnessed,  would  carry  the 
full  load  of  an  8000  kilo- 
watt power  plant  for  one 
minute.  A  freight  train  of 
9000  tons  descending  a  two  percent  grade  requires  a 
force  of  about  180  tons  to  hold  it  to  .speed.  This  force 
acting  for  a  distance  of  10  miles  represents  an  energy 
of  9  500  000  foot-tons.  Any  means,  then,  for  saving  this 
energy  for  use  in  accelerating  trains,  or  in  pulling  trains 
up  grades,  rather  than  dissipating  it  by  means  of  brake 
shoes,  with  consequent  wear  and  tear  of  equipment,  is 
an  economy  of  vital  importance. 

Electric  operation  of  trains  provides  an  opportunity 
for  effecting  this  saving  in  that  suitable  motor  control 
apparatus  can  direct  the  driving  effect  of  the  moving 
train  to  operate  the  motors  as  generators  and  thereby 
return  the  kinetic  energy  of  the  train  to  the  line  in  the 
form  of  electrical  energy.  This  is  regenerative  braking 
in  its  broadest  sense.  But  aside  from  this,  regenerative 
braking  is  an  important  development  on  the  side  of  econ- 
omy even  if  full  advantage  is  not  taken  of  this  potential 
saving, — as  when  all  the  electric  locomotives,  used  to 
haul  a  train  up  a  grade,  are  not  retained  with  the  train 
when  it  descends.  In  this  case,  it  will  be  seen  that  only 
that  part  of  the  potential  energy  of  the  whole  train 
which  the  motors  on  the  one  locomotive  remaining  with 
the  train  are  capable  of  transforming  into  electrical 
energy,  can  be  returned  to  the  line,  while  the  air  brakes 
are,  of  course,  required  to  provide  the  additional  retarda- 
tion. An  additional  example  would  be,  where  a  road 
uses  hydraulic  pov.-er  which  is  so  cheap  that  means  for 
saving  wovild  cost  sufficient  to  pass  the  point  of  dimin- 


ishing return.  In  fact  the  returning  of  energ}%  while 
important,  is  generally  the  least  important  advantage 
when  considered  from  the  standpoint  of  the  pos- 
sible total  economy,  such  as,  the  saving  of  time, 
the  reducing  of  wear  and  tear  on  the  brake  shoes  and 
wheels,  and  the  reduction  of  heating  of  shoes  and 
wheels.  Less  heating  results  not  only  because  less  re- 
tardation has  to  be  developed  through  the  medium  of  the 
air  brake,  but  also  because  the  speed  of  the  train  can  be 
kept  much  more  imiform  through  the  combined  use  of 
the  regenerative  brake  and  the  air  brake  than  by  the 
present  air  brake  alone. 

Also,  the  joint  use  of  both  brakes  possesses  great 
economic  value  in  that,  other  things  being  equal,  more 
tonnage  per  da}"^  can  be  hauled  down  grade,  because  a 
higher  speed  can  be  permitted  with  a  safety  equal  to 
that  obtained  at  present  with  the  air  brake  alone,  and  al- 
so more  tonnage  can  be  hauled  in  a  given  train,  cor- 
responding to  the  additional  retarding  force  of  the  re- 
generative brake,  because  a  higher  reserve  of  pneumatic 
braking  force  is  naturally  available  for  emergency  re- 
quirements. Not  only  does  the  regenerative  brake  pos- 
sess the  above  mentioned  economic  features,  but  it  adds 
ver\'  materially  to  the  present  safety  functions  of  the  air 
brake  in  that,  conditions  remaining  equal,  practically  the 
maximum  pneumatic  braking  force  is  available  at  any 
time  required. 

As  implied  above,  the  air  brake  equipment  is  in  no 
way  adversely  interfered  witli  or  changed.  Therefore  all 
of  the  present  economy  and  safety  of  air  brake  remains, 
while  the  regenerative  brake  renders  the  present  air 
brake  even  more  economical  and  safe.  Moreover,  (the 
same  tonnage,  grade  and  speed  considered)  as  the  shoes 
will  not  become  as  greatly  heated  by  the  air  brake  when 
regenerative  braking  is  used,  the  retarding  factor  is 
probably  increased  by  25  percent.  That  is  to  say,  15  per- 
cent retardation  can  be  secured  by  the  joint  braking 
method  while  not  greater  than  12  percent  is  attainable 
when  brake  shoes  alone  are  used  to  control  the  speed  of 
the  train. 

Thus,  regenerative  braking  not  only  adds  safety  but 
is  valuable  for  reasons  of  economy.  But  the  air  brake 
will  always  be  needed  for  the  same  reasons,  and  to  a  de- 
gree greater  than  ever  before,  since  the  regenerative 
brake  necessarily  operates  on  the  open  circuit  principle ; 
and,  therefore,  its  failure  would  mean  the  loss  of  all 
controlling  force.  Thus,  the  air  brake  is  needed  as  the 
one  vital  reserve  to  back-up  the  regenerative  brake,  and 
also  to  assist  the  latter  in  supplying  braking  of  the  best 
possible  characteristics  for  railroad  operation.  With  the 
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regenerative  brake,  all  the  control  is  vested  in  one  or 
two  units  and  the  failure  of  one  unit  means  a  50  or  100 
percent  failure  of  the  regenerative  system.  With  the  air 
brake  system,  however,  control  is  vested  in  from  10  to 
125  units  according  to  the  number  of  operative  brakes. 
The  failure  of  one  or  several  units  here  is  of  compar- 
ative insignificance.  Also  the  air  brake  operates  on  the 
"closed  circuit"  principle;  that  is  air  pressure  is  re- 
quired in  the  brake  pipe  extending  throughout  the  train 
to  keep  the  brakes  off  and  any  loss  of  this  pressure 
causes  a  brake  application  immediately.  With  the  air 
brake  any  defect  tends  to  reveal  itself  immediately  by 
retarding  the  train  v/hereas  with  the  regenerative  brake 
a  defect  may  not  become  apparent  until  attempt  is  made 
to  apply  the  brake,  when  it  may  be  too  late  to  take  re- 
medial action.  In  other  words,  the  regenerative  brake 
may  be  likened  to  the  "straight  air"  brake. 

The  combined  use  of  the  regenerative  brake  and  the 
air  brake  affords  the  best  control  of  heavy  trains  on 
mountain  grades,  but  there  should  be  an  automatic  inter- 


FIG.  1 — INTERLOCK  BETWEEN  THE  REGENERATIVE  AND 
AIR    BRAKES 

lock  between  the  two  systems  so  that  the  air  brake  can- 
not be  applied  while  the  regenerative  brake  is  in  use. 
( Jtherwise,  the  adhesion  between  the  drivers  and  the 
rails  may  be  overtaxed  by  the  combined  use  of  the  two 
brakes,  in  which  case  the  drivers  would  be  caused  to 
slide.  The  device  illustrated  in  Fig.  i  provides  that  the 
;nr  brake  can  be  applied  on  the  train  at  all  times  jointly 
with,  or  separately  from  the  application  of  regenerative 
control  on  the  locomotive,  and  also  that  the  air  brake 
cannot  be  applied  in  "service"  braking  on  the  locomo- 
tive, if  the  regenerative  brake  is  being  used,  and  if  al- 
ready applied,  it  will  be  released  when  regeneration  is 
started.  In  the  latter  case  the  release  of  regenerative 
control  will  cause  the  air  brake  on  the  locomotive  to  re- 
apply automatically  to  tl-,e  same  point  of  effectiveness 
which  preceded  the  regenerative  control,  unless  the  air 
brake  has  been  released  manually  in  the  meanwhile. 
However,  when  an  emergency  brake  application  is  made 


the  drop  in  brake,  pipe  pressure  to  a  point  sufficiently  be- 
low that  ever  reached  during  normal  "service"  braking, 
causes  the  switch,  shown  in  Fig.  i,  to  open  the  regener- 
ative control  circuit.  In  other  words,  all  braking  in  emer- 
gencies is  performed  by  the  air  brakes  alone. 

At  no  time  should  a  train,  while  descending  a  grade, 
be  permitted  to  exceed  the  speed  from  which  the  air 
brakes  can  effect  an  emergency  stop  with  the  proper 
margin,  in  event  of  failure  of  regenerative  control.  A 
speed  device  should  be  employed  which  will  automati- 
cally apply  the  brakes  before  this  safe  speed  limit  is  ex- 
ceeded, whethet  the  regenerative  brake  is  in  use  or  not. 

The  development  of  modern  cars  and  the  operation 
of  trains  of  modern  length  in  freight  service-  have 
brought  about  the  corresponding  development  of  the 
"empty  and  load  brake"  to  meet  these  conditions  of  in- 
creased severity  in  railroad  operation.  This  brake  em- 
ploys two  distinct  series  of  braking  forces ;  one  being 
used  with  the  empty  and  partially  loaded  car  and  the 
other  for  loading  conditions  exceeding  half  the  capacity 
of  the  car.  This  makes  uniform  control  possible,  both 
on  grades  and  on  level  roads,  due  to  the  uniformity  of 
braking  power  or  retardation  on  each  car  in^espective  of 
its  condition  of  loading.  This  brake  also  makes  possible 
the  control  of  a  train  under  given  conditions  with  50 
percent  less  air  than  is  required  with  the  single  capacity 
brake  in  current  use  today.  The  superior  air  consump- 
tion performance  and  reserve  braking  force  of  the 
empty  and  load  brake  may  be  utilized  in  several  ways 
in  heavy  grade  service.  It  may  be  utilized  by  increasing 
the  capacity  of  cars  and  by  increasmg  the  length  of 
trains.  The  length  of  train  governs  the  flow  of  air  from 
the  locomotive  to  the  brake  equipments  throughout  the 
train.  In  fact,  the  friction  offered  to  the  flow  of  air  by 
the  long  brake  pipe  is  really  the  determining  factor  as  to 
train  length  in  the  safe  control  of  trains  at  the  present 
time.  Obviously,  the  50  percent  saving  in  air  consump- 
tion made  possible  by  the  empty  and  load  brake  is  of 
great  benefit  in  extending  the  limitations  as  to  safe  ti-ain 
lengths.  Also  with  the  empty  and  load  brake  the  speed 
of  trains  down  grades  may  safely  be  increased,  the  speed 
limitations  now  passing  from  the  brake  to  the  question 
of  wheel  temperatures. 

With  the  introduction  of  regenerative  braking,  how- 
ever, this  speed  limitation,  which  arises  in  the  question 
of  the  wheel  temperature,  is  removed  and  passed  back  to 
the  brake  once  more.  With  the  empty  and  load  brake 
this  limit  is  so  high  that  other  considerations  govern, 
such  as  safe  speeds  around  curves,  etc.  From  the  fore- 
going it  will  be  appreciated  that  the  regenerative  brake, 
together  with  the  empty  and  load  brake,  make  it  possible 
to  increase  the  traffic  capacity  of  mountain  grades  (as 
well  as  of  the  entire  road)  very  materially  due  to  the 
increase  in  train  lengths,  capacity  of  cars,  and  train 
speeds  permitted  by  the  use  of  these  braking  systems. 


Sty  ^oi'vic^ 


\V.  G.  Buooixs 

Chicago  District  Office 

WcstiiiKhouse   Electric  &  Mfg.   Company 


THE  A^\TAJF.  of  train  operation  lias  long  been  rec- 
ognized as  a  solution  of  heavy  interurban,  sub- 
urban and  electrified  steam  road  transportation 
problems.  In  general,  the  one  car  short-headway  system 
of  operation  has  proven  sullicient  for  cities  of  medium 

size   with    one   way,    short 

duration  rush-hour  traliic, 
wliere  the  business  district 
was  well  distributed  over 
two  or  more  streets  and 
where  the  residence  district 
was  a  short  distance  from 
the  business  district,  similar 
to  many  central  and  middle 
western  cities  which  are  lo- 
cated on  level  ground  and 
where  the  physical  condi- 
tions do  not  prevent  radia- 
tion in  all  directions. 
W.  G.  Brooks  A  ver}-  complex  operat- 

ing condition  arose  in  large  cities  with  lon^,  narrow,  one 
or  two  street  business  sections  surrounded  by  hilK.  "i 


terest  to  the  problem,  a  ri\er  divides  this  business  dis- 
trict, with  three  available  bridges  connecting  the  two 
sections ;  the  outlying  sections  of  the  city  having  large 
dockage  space  on  canals  and  river,  as  well  as  the  attrac- 
tive railway  sites  for  factory  location.  A  car  enroute 
from  terminal  to  terminal  negotiates  the  peak  load  rush- 
hour  tratific  from  the  outer  factor}-  section,  goes  through 
the  business  district,  across  several  drawbridges  and 
finally  through  the  second  outer  factory  section,  experi- 
encing very  heavy  work  during  the  entire  length  of  its 
trip,  thus  creating  a  demand  foi  abnormal  seating  capac- 
ity in  rush-hour  traflic  and  for  reasonably  large  seating- 
capacity  for  the  remainder  of  the  day. 

Many  thorough  studies  were  made,  and  several  so- 
lutions otTered  and  tried,  even  to  the  extent  of  persuad- 
ing manufacturers  along  the  same  line  to  modify  their 
working  hours  to  smooth  out  the  peak  load  traffic  condi- 
tions of  a  particular  line.  Train  operation  in  the. form  of 
motor  and  trailer  cars  was  added  with  temporary  relief, 
permitting  time  for  a  further  analysis  to  determine  a 
permanent  plan  to  meet  this  condition.  The  train  oper- 
iiiMii,  lining   motor  and    trailer  car,  offered    economy  in 


FIG.    I — TRAIN     ul'r.KMI 

The  cars  are  equipped  with  65  hp,  600  volt 
with  natural  conditions  limiting  the  street  railway  system 
to  the  use  of  a  few  crowded  streets,  and  where  rapid, 
economical  transportation  was  essential.  Cities  of  this 
kind  were  compelled  to  turn  to  their  neighbors  having 
similar  conditions  or  to  some  one  large  property  where 
the  operating  company  had  either  successfully  solved  or 
was  developing  a  successful  solution  of  this  problem. 

The  cit}-  of  iVlihvaukee  offered  a  very  interesting 
operating  problem,  with  its  business  district  located  in  a 
river  basin,  surrounded  by  a  bluff,  resulting  in  grades 
of  one-half  to  nine  percent  on  the  steepest  streets  to 
the  residential  and  ninnufacluring  districts.  To  add  in- 


1\      IX      Mll.U  AlKKK 

commutating-polc  motors  using  HLD  control. 
trackage  of  the  congested  district  and  an  increase  in  the 
number  of  seats  per  hour  with  economic  platform  ex- 
pense to  handle  peak  conditions.  However,  this  economy 
was  offset  to  a  large  degree  by  the  additional  investment 
in  property  and  material  to  provide  loops  and  wyes  in 
outlying  districts.  Service  was  somewhat  dela\  ed  by  the 
inconvenience  of  attaching  and  detaching  the  trail  cars, 
and  the  fancy  of  the  public  to  crowd  their  favorite  car 
(which  in  most  cases  is  the  motor  car)  thus  increasing 
the  length  of  stop  duration  to  a  marked  degree.  These 
conditions,  with  the  outlying  grades  to  be  negotiated  and 
the  uneven  distribution  of  motive  power  with  inefficient 
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operation  of  the  motor  car  durini^-  light  traffic  periods  of  In  part  the  control  resembles  the  standard  H  L  de- 

the  dav  paved  the  way  for  the  present  system  of  dupli-  sign,  having  a  master  controller  of  the  conventional  type 

cate    ca'r   multiple-unit    trains    ^^^^\ch    are  of    the    same  v\ith  the  "dead  man"  handle  arranged  to   swmg  through 
weight  as  the    former  motor   and  trailer   train,  with  the 

motive  power  distributed  equally  between  the  cars.  ^^H*^**»^^  vC'            ^^    ^"^ 

This  system  embodies  all  the  advantages  of  motor  BH^^Jtefe  \  e * '            '-    ^ 

and  trail  car  train  operation,  offering  in  addition  accom-  ^gj^^^^^   iriiiA   •'^'^    .Jrf9»».^ 


FIG.    2 — MOTORMAN's    COMPARTMENT 

Showing    folding  glass   doors  in  open  and   in   closed  posi- 
tions. 

niodations  for  the  zone  traffic  of  a  given  line,  permitting 
the  turning  back  of  a  train  at  any  ordinary  double-track 
cross-over  and  further  providing  for  improved  acceler- 
ation, braking,  hill  climbing  and  all  the  advantages 
known  to  the  system. 

Manufacturers  of  electric  control  and  propulsion 
equipment  were  in  part  prepared  to  meet  this  demand 
but,  as  well  as  the  railway  company,  their  de- 
velopments pointed  to  improvements  and  mod- 
ifications to  the  problem.  The  Milwaukee 
Electric  Railway  &  Light  Company  finally  de 
cided  on  the  use  of  two  motors  (No.  306)  per 
car  and  HLD  control  for  the  initial  instal- 
lation. This  control  has  many  novel  features 
for  service  under  variable  conditions,  in  that 
it  provides  for  either  hand  or  automatic  con- 
trol on  the  series  notches.  Two  of  the  series 
notches  are  under  the  control  of  a  current- 
limit  switch  which  provides  smooth  accelera- 
tion; and  the  elimination  of  delay  from  cir-  p,c  ^. 
cuit  breaker  interruptions  through  rapid  feed- 
ing. The  circuit  breaker,  however,  is  maintained  to 
protect  against  heavy  overloads.  The  multiple  position 
is  entirely  automatic.  Thus  with  this  combination 
rapid  and  smooth  acceleration  is  accomplished  under 
a  wide  variation  in  rail  conditions.  The  current 
limit  switch  is  provided  with  a  differential  winding  con- 
nected through  an  adjustable  resistance  to  a  button-type 
switch  mounted  in  front  of  the  motorman.  When  en- 
ergized, this  circuit  will  increase  the  limit  setting  to  the 
predetermined  value  necessary  to  climb  steep  grades, 
pull  in  a  dead  car  and  other  siiecial  demands  upon  street 
railway  equipment. 


nr.     3— ARRANGEMENT    <.K    CONTROL    EQUIPMENT    UNDER    THE    CAR 

Showing  also  the  truck-mounted  mud  guards. 

a  small  arc,  [>ermitting  mounting  against  the  car  frame- 
work without  interference  with  the  motorman's  gloved 
hand,  and  further  permits  the  installation  of  two  folding 
seats  when  the  controller  is  not  in  use.  The  reverser  and 
main  control  ajiparatus  are  mounted  in  a  box  beneath 
the  car  with  the  main  circuit  standard  HL  switches  in 
one  compartinenl,  and  the  reverser  and  resistance  con- 
trolling drum  in  another  Several  small  compartments 
accommodate  the  motor  cut-out  switches,  control  resist- 
ance, and  other  minor  auxiliary  apparatus,  thus  provid- 
ing a  very  compact,  reliable  equipment,  embodying  the 
requisite  features  for  successful  train  operation. 
The  Milwaukee  re-designed  car  embodies  many  im- 
provements in  increased  seating  capacity,  door  control 
design,  motorman's  cab  arrangement  with  folding  glass 


-FRONT   VIEW   OF    HLO   CONTROLLER    liOX    WITH    COVER    REMOVED 

doors  inclosing  idle  control  and  brake  apparatus,  and  a 
truck  mounted  mudguard  installed  over  the  small  wheel 
of  the  maximum  traction  truck,  protecting  against  wheel 
wash  at  any  angle  of  truck  radiation.  Automatic  couplers 
of  imiJfoved  design  carrying  the  air  circuits  have  been 
added  with  success,  as  well  as  bus-line  circuits  permit- 
ting train  operation  from  one  trolley,  thus  utilizing  the 
electric  track  switches  originally  installed  for  single  car 
operation.  The  car  with  its  equipment  has  been  designed 
to  meet  the  requirements  of  economical  city  transporta- 
tion opei-ating  either  as  a  single  unit  or  in  trains  of  sut- 
ficient  units  to  meet  the.  future  demand. 


Trmi^foi'iii^i^  CoiidMctloii  Motors 

Used  ©31  coo  Vuaasyh/£mn  iRaikoad  Trank  Line  ;tl•.^-;^rill.-;^r,ioJl   ai;  ^^liila'loVma 

R.  E.  Hellmund 

The  eminently  successful  operation  of  the  suburban  service  of  the  Pennsylvania  Railroad  at 
Philadelphia  by  means  of  single-phase  commutator  motors  which  are  a  modification  of  the  standard 
types  of  other  single-phase  roads,  has  naturally  created  an  interest  in  the  working  principles  of  these 
motors.  The  following  article  explains  these  principles  in  a  relatively  simple  manner.  While  most 
of  the  fundamental  principles  involved  are  briefly  discussed  in  the  present  article,  a  more  complete 
understanding  of  this  equipment,  and  especially  of  its  relation  to  other  possible  arrangements,  will 
be  facilitated  by  the  study  of  previous  articles  on  single-phase  commutator  motors  which  have 
appeared   in  The  Klectric  Journal.*     (Ed.) 


HELLMUND 


THE  TWO  motors  applied  to  each  of  the  electric- 
ally-driven Pennsylvania  Railroad  steel  coaches 
on  die  single-phase  trunk  line  electrification  at 
Philadelphia  are  six  pole  transformer  conduction 
(doubly  fed)  commutator  motors,  with  a  nominal  one 
hour  rating  of  225  horse- 
power per  motor.  Each 
motor  is  equipped  with 
tliree  windings,  as 
shown  in  Fig.  i,  namely, 
an  armature  winding  A 
of  the  parallel  type;  a 
main  or  torque  held  pro- 
ducing winding  F  on  the 
stator,  located  with  its 
axis  313;  at  90  degrees  to 
the  armature  brushes 
bb;  and  a  distributed 
cross  field  winding  C  on 
the  stator,  with  its  axis  xx  in  line  with  the  armature 
brushes  bb.  These  windings  are  connected  into  two  sep- 
arate circuits  across  different  portions  of  the  secondary 
of  the  transformer  located  on  the  car,  as  shown  in  Figs. 
I  and  2.  One  of  these  circuits  between  taps  a  and  d 
contains  the  armature  A  and  may  be  designated  as  the 
armature  circuit.  The  other  circuit  between  taps  c  and 
d  contains  the  cross  field  winding  C  and  may  be  desig- 
nated as  the  cross  field  circuit.  The  torque  field  wind- 
ing F  is  connected  into  the  armature  circuit  during 
medium  and  high-speed  operation  as  shown  in  Fig.  i 
and  into  the  cross  field  circuit  at  start  and  during  low- 
speed  operation,  as  shown  in  Fig.  2.  The  purpose  of 
using  these  two  different. types  of  connections  is  to  ob- 
tain satisfactory  commutation  for  all  speeds. 

Since  a  definite  part  of  the  transformer  voltage  is 
impressed  upon  the  cross  field  circuit,  an  equilibrium 
can  be  established  within  this  circuit  only  if  a  counter 
e.  m.  f.  equal  and  opposite  to  such  impressed  e.  m.  f. 
is  induced  within  this  circuit.  If  for  the  present  all 
resistance    and    inductive    drops    are    neglected,    this 


*See  in  particular  the  article  on  "Single-phase  Commutator 
Motors"  by  R.  E.  Hellmund  and  J.  V.  Dobson,  in  the  Journal 
for  March,  1916.  Also,  articles  on  the  same  subject  by  R.  E. 
Hellmund  in  the  Jourx.m.  lor  August  and  September,  1917. 
The  articles  on  "Single-rU:i'-c  Commutator  Motors"  by  R.  E. 
Hellmund  and  E.  W.  P.  Smith,  in  the  Journal  for  February, 
April,  May,  July,  August  and  September,  1912,  may  also  prove 
of  interest  in  this  connection. 


counter  e.  m.  f.  can  only  be  induced  by  an  alternating- 
current  flux  set  up  along  the  axis  xx  of  the  cross  field 
winding.  Such  a  flux  must  be  proportional  to  and  lag 
in  time  approximately  90  degrees  behind  the  voltage  im- 
pressed upon  the  cross  field  winding,  as  would  be  the 
case  in  a  primary  transformer  winding.  This  flux  hap- 
pens to  be,  for  most  operating  conditions,  of  such  a 
phase  relation  as  to  induce  in  the  armature  coils  under 
commutation,  which  rotate  in  this  flux,  a  voltage  op- 
posing the  sparking  voltages  induced  in  the  same  coils. 
The  sparking  voltage  is  caused  partly  by  the  commu- 
tation (reactance  voltage,  as  in  any  direct-current  ma- 
chine) and  partly  by  the  pulsations  of  the  torque  flux 
produced  by   transformer   action    in  an  alternating-cur- 


SINGLE-PHASE    MOTOR    USED   OX   THE   SUDURBAN    MOTOR   CARS 

On   the    Pennsylvania   railroad   at   Philadelphia. 

rent  motor.  It  is  for  the  purpose  of  compensating  this 
sparking  voltage  that  the  existence  of  a  cross  field  flux 
along  axis  xx  is  desirable.  Therefore,  the  main  pur- 
pose of  a  cross  field  winding,  as  connected  in  Figs.  I 
and  2  may  be  considered  to  be  the  same  as  that  of  a 
commutating-pole  winding  in  a  direct-current  motor. 
Incidentally  the  cross  field  performs  another  function 
in  a  motor  of  this  type.  It  was  pointed  out  that  this 
field  must  be  set  up  in  order  to  induce  a  counter  e.  m.  f. 
necessaiy  to  establish  equilibrium  in  the  cross  field. 
Since  the  same  field  interlinks,  however,  with  the  arma- 
ture conductors,  along  the  brush  axis  bb,  it  cannot  help 
but  induce  by  transformer  action  a  voltage  in  the  arma- 
ture also.  If  the  number  of  conductors  in  series  and 
the  winding  distribution  are  the  same  in  the  armature 
and  in  the  cross  field,  the  voltage  induced  in  ^he  arma- 
ture by  this  transformer  action   is  approximately  the 
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same  as  the  voltage  impressed  upon  the  cross  field.  If 
the  number  of  conductors  is  different  in  the  two  wind- 
ings, the  two  voltages  are  about  proportional  to  the  ratio 
of  number  of  turns.  In  the  Paoli  motors  the  number  of 
cross  field  turns  is  somewhat  over  twice  the  number  of 
armature  turns  in  series.  Consequently,  the  cross  field 
flux  induces  a  voltage  in  the  armature  about  half  as 
large  as  the  voltage  induced  in  the  cross  field.  This  in 
turn  means  that  any  voltage  impressed  upon  the  cross 
field  reappears  as  about  half  as  large  a  voltage  in  the 
armature.  This  voltage  transformed  into  the  armature 
has  approximately  tlie  same  phase  and,  in  case  of  Fig. 
I,  also  the  same  direction  as  the  voltage  £a  impressed 
upon  the  armature  circuit.  Thus  in  this  particular 
motor,  there  is  an  equivalent  impressed  armature  voltage 
which  is  approximately  the  sum  of  the  voltage  E-  im- 
pressed upon  the  armature  circuit  directly  by  conduc- 
tion plus  one-half  the  voltage  Ec  impressed  upon  tlie 
cross  field  circuit  and  transmitted  to  the  armature  by 
transformer  action.*  If,  as  in  Fig.  2,  the  two  voltages 
£a  and  £=  are  impressed  in  opposite  directions,  the 
equivalent  armature  voltage  is  the  difference  of  the  two. 
Since  the  cross  field  winding  and  the  armature  act  ex- 
actly like  the  primaiy  and  secondary  of  a  transformer, 
it  is  evident  that,  neglecting  the  cross  field  magnetizing 
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FIG.    I.  FIG.    2. 

FIGS.    I    AND   2 — CONNECTIONS    OF   THE    MOTOR    WINDINGS    TO   THE 
TRANSFORMER 

current,  the  currents  in  the  two  windings  must  be  in- 
versely proportional  to  the  number  of  turns.  This 
means  in  our  particular  case  that  the- cross  field  cur- 
rents are  about  half  as  large  as  the  armature  currents. 
It  follows  further  that  the  current  in  the  middle  lead  d, 
being  the  difference  between  the  armature  current  and 
the  cross  field  current  must  be  about  half  as  large  as 
the  armature  current.  This  is  of  practical  importance 
since  the  outer  cross  field  motor  lead  c  and  the  middle 
lead  d,  as  well  as  the  switches  in  these  circuits,  can  be 
designed  for  correspondingly  small  current  capacity. 

The  details  of  the  armature  winding  and  structure 
as  a  whole  are  in  this  motor  practically  the  same  as  in 
a  parallel  connected  direct-current  armature.  The  dif- 
feremce  between  the  armature  used  on  the  Paoli 
electrification,  and  a  corresponding  direct-current  arma- 
ture consists  merely  in  somewhat  different  proportions. 
This  is  principally  due  to  the  fact  that  it  is  designed  for 
six-poles  where  a  corresponding  direct-current  motor 
would  have  four"  poles  and  that  the  voltage  of  the  al- 
ternating-current motor  is  lower  than  it  would  be  for  a 
direct-current  armature.     The  six-pole  feature  leads  to 


rather  short  end  connections  outside  of  the  core  which 
facilitates  secure  banding.  The  low-voltage  feature 
brings  with  it  easy  insulating  conditions  for  both  the 
armature  windings  and  the  commutator;  it  also  calls 
for  heavy  armature  conductors  which  are  mechanically 
strong  and  not  subject  to  troubles  from  broken  armature 
leads.  It  is  evident,  therefore,  that  the  structural  fea- 
tures of  the  armature  are  even  superior  to  those  of  an 
equivalent  direct-current  armature.  The  simplicity  and 
rigidness  of  this  armature  was  obtained  by  the  omission 
of  the  resistance  leads  used  on  former  standard  single- 
phase  motors,  such  omission  being  made  feasible  by 
adopting  a  motor  type  with  a  commutating  field  as  T)re- 
viously  described.* 

The  stator  of  the  motor  consists  of  a  steel  shell  sup- 
porting circular  slotted  laminations,  the  shell  being  in 
its  exterior  structural  details  very  similar  to  that  of  an 
axle  supported  motor  of  the  direct-current  type.  The 
slotted  laminations  contain  both  the  cross  field  and  tor- 
que field  windings.  The  cross  field  winding  consists  of 
shoved  through  copper  bars  distributed  over  practically 
the  entire  pole  face  and  leaving  only  a  few  slots  near 
the  neutral  zone  for  the  insertion  of  the  torque  field 
winding,  which  also  consists  of  shoved  through  bars. 

The  purpose  of  distributing  the  cross  field  winding 
over  the  entire  pole  face  is  to  reduce  leakage  fluxes  be- 
tween the  armature  and  cross  field  windings  to  a  mini- 
mum, this  being  desirable  because  such  leakage  fluxes 
tend  to  affect  the  power- factor  of  the  motor  unfavor- 
ably. The  bars  of  both  field  windings  are  connected  in 
two  separate  tiers  by  concentric  flat  copper  strap  end 
connections,  the  whole  forming  a  substantial  and  rigid 
structure.  In  the  majority  of  cases  the  slots  of  the 
stator  laminations  are  of  the  partially-closed  type  with 
a  small  opening  near  the  air-gap.  Such  openings  reduce 
the  magnetic  leakage  around  the  slot  and  im.prove  the 
power-factor.  In  order  to  make  a  rigid  assembly,  how- 
ever, certain  portions  of  the  laminations  have  entirely 
closed  slots.  The  assembly  of  the  laminations  is  such 
that  each  core  slot  is  bridged  by  closed  slot  laminations 
at  the  ends  of  the  core  and  at  intervals  of  six  punchings 
all  along  the  core.  Thereby  a  mechanical  connection  is 
formed  between  the  teeth  tops  all  over  the  air-gap  sur- 
face and  any  possibility  of  tooth  vibration  is  eliminated. 
With  some  of  the  early  single-phase  motor  designs  such 
vibrations  caused  breakdowns  of  the  bar  insulation. 
While  this  bridging  of  the  slots  is  done  at  the  expense 
of  a  slightly  reduced  power-factor,  such  loss  is  more 
than  paid  for  by  gains  in  reliability.  The  laminations 
are  held  in  the  frame  by  a  number  of  heavy  bolts  be- 
tween end  plates,  a  construction  which  completely  elim- 
inates the  possibility  of  loose  stator  iron,  a  defect  which 
caused  breakdowns  in  some  of  the  early  single-phase 
motor  designs. 

In  controlling  a  railway  motor  of  the  transformer 


*This    feature   has   been   the   reason    for   the   name   trans- 
former-conduction motor  adopted  for  this  type  by  the  A.I.E.E. 


*A  few  motors  without  resistance  leads  have  been  in 
operation  on  the  N.Y.N.H.  &  H.R.R.  for  some  time,  but  the 
Philadelphia  electrification  is  the  first  case  where  such  motors 
have  been  adopted  as  standard. 
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conduction  type  without  resistance  leads  in  the  arma- 
ture, the  following  points  must  be  considered : — 

I — Change  of  speed.  In  accelerating  the  vehicle,  the  speed 
of  Ihe  motor  has  to  b;  controlled  from  zero  lo  a  cer- 
tain maximum.* 
2 — Transition  without  losing  motor  torque.  The  transi- 
tion from  one  connection  to  another  in  controlling  the 
speed  should  be  accomplished  without  complete  loss  of 
motor  torque  in  order  to  avoid  shocks  to  the  gears  and 
other  parts. 

3 — Reversing  direction  of  operation. 

4— Adjustment  of  the  strength  of  the  commutating  field. 
The  principal  sparking  voltage  in  an  alternatmg-currcnt 
motor  is  caused  by  the  fact  that  the  fluctuatnig  alter- 
nating-current torque  field  interlinks  with  the  coils 
short-circuited  by  the  brushes,  and  thereby  intluccs  a 
voltage  in  these  coils.  This  voltage  is  proportional  to 
the  frequency  and  the  strength  of  the  main  or  torque 
field,  but  independent  of  the  motor  speed  and  cross 
field  strength.  As  previously  explained,  this  voltage  is 
to  be  compensated  for  by  a  counter  voltage  induced  by 
the  rotation  of  the  short-circuited  coils  in  the  cross 
field.  Since  this  compensating  voltage  is  induced  by 
rotation,  it  is  proportional  to  the  speed  of  the  motor 
and  to  the  strength  of  the  cross  field  in  the  commuta- 
ting zone,  but  independent  of  the  main  field  strength. 
It  is  evident  from  the  above  that  the  two  principal 
voltages  in  the  short-circuited  coils  are  dependent  upon 
entirely  different  factors  and  follow  different  laws. 
Therefore  it  is  obviously  necessary  to  readjust  and 
regulate  the  factors  affecting  the  compensating  voltage 
so  as  to  get  proper  commutation  for  all  possible  condi- 
tions of  speed  and  load.** 

5 — Adjustment  of  phase  of  commutating  field.  While  the 
phase  of  the  cross  field  as  obtained  with  the  connections 
of  Fig.  I  and  Fig.  2,  is  approximately  right  for  some 
operating  conditions,  a  certain  phase  adjustment  is  de- 
sirable to  give  best  results  for  certain  other  condi- 
tions.*** 

6 — Weakened  torque  field  for  low  speeds.  Since  the  com- 
pensating sparking  voltage  induced  by  the  cross  field 
is  caused  by  rotation,  it  is  impossililc  to  induce  such  a 
voltage  at  standstill,  and  it  is  impossible  to  make  the 
cross  field  strong  enough  for  inducing  sufficient  com- 
pensating voltages  at  low-speeds-  On  the  other  hand, 
the  voltage  induced  in  the  short-circuited  coil  by  the 
pulsation  of  the  torque  field  is  independent  of  the  speed 
and,  therefore,  exists  at  standstill  and  low  speeds  as 
well.  The  only  possible  way  of  obtaining  satisfactory 
commutating  conditions  in  those  cases,  in  a  motor  with- 
out resistance  leads  is,  therefore,  to  keep  the  voltage 
induced  by  the  pulsation  of  the  main  field  within  per- 
missible limits.  This  has  to  be  done  by  holding  down 
or  weakening  the  main  field,  it  being  impractical  to 
alter  any  of  the  other  factors  affecting  the  voltage.*** 

7 — Maintain  favorable  torque  conditions.  In  an  alter- 
nating-current motor  the  torque  is  affected  by  the  phase 
relation  between  the  armature  current  and  the  torque 
field,  and  the  connections  are,  there  f lire,  to  be  chosen 
so  that  the  armature  currents  and  torque  field  are  in 
phase  as  much  as  possible. 

With  all  these  conditions  to  be  fulfilled,  it  might  be 
expected  that  the  control  of  a  transformer  conduction 
motor  would  be  very  much  more  complicated  than  that 
of  direct-current  motors  with  which  only  the  first  three 
of  the  above  items  need  be  considered  in  the  control  lay- 
out. It  is,  therefore,  somewhat  surprising  that  success- 
ful operation  with  the  Philadelphia  equipment  is  ac- 
com])lished  with  nine  switches,  eight  of  which  may  be 
only  40  percent  of  the  capacity  of  the  armature  circuit, 


*A  complete  discussion  of  the  various  possibilities  for 
changing  the  motor  speed  is  given  in  the  ,Iocun.\l  for  Sept., 
1917. 

**For  a  more  detailed  discussion  of  the  adjustment  of  Ihe 
commutating  field  strength,  see  article  in  the  Jourx.m.  for 
March,  1916,  also,  series  of  articles  in  1912  previously  quoted. 

***A  complete  discussion  of  the  various  possibilities  ot 
adjusting  the  phase  of  the  <'ommutating  field  and  for  weaken- 
ing the  main  field  is  given  in  the  Journal  for  Aug.,  1917. 


two  simple  induction  coils,  a  limit  rela}-,  and  a  single  re- 
verser;  especially  if  it  is  considered  that  a  direct-cur- 
rent equipment  for  this  kind  of  service,  which  would 
be  of  the  field-control  type,  requires  about  fourteen 
switches,  resistance  grids,  two  reversers,  and  a  limit 
relay.  This  favorable  showing  for  the  alternating-cur- 
rent control  equipment  is  principally  due  to  the  extreine 
flexibility  of  the  alternating-current  system.  This  us- 
ually permits  the  use  of  a  certain  piece  of  apparatus  for 
a  number  of  purposes  a  fact  which  assists  in  the  de- 
sign of  simple  equipment.  Another  important  factor  is 
the  fact  that  the  alternating-current  motor  curves  are 
steeper,  principally  on  account  of  the  inductive  effect  in 
all  parts  of  an  alternating-current  system.  This  permits 
the  use  of  fewer  steps  in  the  acceleration. 

Items  /  to  7  have  been  taken  care  of  in  the  control 
of  the  motor  for  the  Paoli  electrification  as  follows: — 

1 — The  speed  changes  are  accomplished  by  regulating  the 
equivalent  motor  voltage  which  is  possible,  due  to  the 
existence  of  a  transformer  on  the  car.  The  possibility 
of  voltage  control  by  means  of  a  transformer  is  instru- 
mental in  the  simplification  of  control  as  compared  with 
direct  current  equipments  which  require  numerous 
switches  c^n  account  of  the  necessity  of  series-parallel 
control,  field  control  and  resistance  control.  Voltage 
contrcl  has  moreover  the  advantage  of  eliminating 
rheoslatic  losses  during  acceleration. 

2 — All  tiansitions  are  accomplished  without  loss  of  torque 
by  means  of  two  inductance  coils  li  and  I:  shown  in 
Fig.  3  and  the  switches  working  in  conjunction  there- 
with. These  coils  not  only  assist  in  stepping  from  one 
transformer  tap  to  another,  but  also  in  changing  the 
main  field  from  one  circuit  to  another,  as  well  as  for 
other  purposes. 

3 — Reversing  is  accomplished  by  a  single  reverser  for  the 
main  fields  of  both  motors,  which  are  permanentlj'  con- 
nected in  series. 

4 — The  satisfactory  adjustment  of  the  cross  field  strength 
is  obtained  by  adjusting  the  voltage  impressed  upon  the 
cross  field.  No  special  switches  or  induction  coils  are 
provided  for  this  purpose  because  (he  equivalent  arma- 
ture voltage  and  therefore  the  speed  is  adjusted  by 
shifting  the  taps  c  and  d  in  Figs.  I  and  2,  the  choice 
between  the  two  for  each  speed  step  being  made  such 
that  the  cross  field  voltage  is  simultaneously  adjusted 
to  the  desirable  value. 

5 — The  phase  adjustment  of  the  cross  field,  when  neces- 
sary, is  accomplished  by  using  one  of  the  transition  in- 
duction coils  mentioned  under  3  as  an  inductance  in  the 
middle  lead  for  the  higher  speeds. 

6 — The  weakening  of  the  field  at  start  and  for  low  speeds 
is  accomplished  by  using  the  connection  shown  in  Fig.  • 
2  for  such  speeds,  while  the  connection  of  Fig.  I  is 
used  for  normal  operation.  Since  the  current  in  the 
cross  field  circuit  is  about  half  as  large  as  the  current 
in  the  armature  circuit,  it  is  possible  to  reduce  the 
torque  field  by  connecting  it  into  the  cross  field  circuit 
for  starting,  while  it  is  subsequently  connected  in  the 
armature  circuit. 

7 — Satisfactory  torque  conditions  are  obtained  by  using 
the  arrangement  of  Fig.  I  with  the  torque  field  excited 
by  the  armature  current  for  by  far  the  larger  part  of 
the  operation.  This  assures  proper  phase  relation, 
during  the  larger  part  of  the  time.  With  the  startuig 
connection  of  Fig.  2,  the  armature  currtnt  and  torque 
field  will  be  slightly  out  of  phase,  but  on  account  of  the 
short  length  of  time  for  which  the  connection  is  used, 
this  is  only  of  minor  importance. 

The  diagram  for  the  main  circuit  connections  and 
switching  devices  is  shown  in  Fig.  3.  The  inaster  con- 
troller is  arranged  for  only  two  running  positions,  cor- 
responding to  steps  three  and  eight.  Additional  running 
positions,  while  possible  with  alternating-current  motors, 
were  considered  practically  without  value  for  this  class 
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of  service  and  objectionable  in  so  far  as  the)'  would  in- 
crease the  number  of  train  wires.  For  the  sake  of  clear- 
ness, the  various  control  steps  are  individually  repro- 
duced, showing  only  a  single  motor,  in  Fig.  4  and  briefly 
discussed  in  the  following  for  the  benefit  of  those  es- 
pecially interested  in  the  details  of  the  control. 

Slc['  I,  Fig.  4(a),  shows  an  inverscd  transformer  conduc- 
tion connection  with  the  torque  field  being  excited  by  the  cross 
field  current  (same  as  Fig.  2).  This  gives  the  desired  weak- 
ened field  for  starting.  The  voltage  £„i  impressed  upon  the 
armature  is  negali\c   and  the  equivalent  armature  voltage   of 

the   motor  is,    therefore,   approx. — :; — —  Em.     The   armature 

voltage  is  chosen  negative  so  as  to  make  a  high  cross  field 
voltage  and  consequently  a  strong  cross  field  possible,  as 
desirable  for  low  speeds,  giving  at  the  same  time  a  low  equiva- 
lent voltage  for  starting.  Both  induction  coils  arc  inactive 
with  this  connection. 

Sti-p  2,  Fig.  4(b),  is  the  same  as  step  i.  except  that  ihe 
voltage  of  the  cross  field  circuit  and  with  it  the  equi\alrnt 
armature   voltage   has   been   raised  by   first   opening   switch    /' 

SEQUENCE  OF  SWITCHES 
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FIG.    3 — SCHF,M.\TIC   D].\GR.\M    OF    MAIN    CIKCUIT    CONNECTIONS    AND 
SWITCHING    SEaUENCE 

A  and  A'  —  armatures;  C  and  C  —  cross  field  windings; 
/■  and  /■■'  —  torque  field  windings;  /,  and  /:  —  induction  coils; 
a,_h,  c,  d  and  e  —  divisions  of  induction  coils;  T  —  sccondarj' 
of  car  transformer;  L  —  limit  relay  and  A,,  A^,  A-,,  f)i,  D„  D\, 
M,  P  and  .f  —  unit  switches. 


the  armature  would  be  in  line  with  the  transformer  voltage. 
With  these  two  voltages  in  the  armature  being  out  of  phase,  a 
large  resultant  voltage  would  have  to  be  taken  up  by  ohn'iic 
and  leakage  reactance  drops,  which  in  turn  could  "only  be 
i'.ccomplished  by  the  How  of  excessixe  currents.  The  in- 
ductance I2  being  in  circuit,  however,  not  onl\-  limits  such  flow 
of  current,  but  also  modifies  the  phase  relation  mi  as  to  give 
a  certain  motor  torque. 

Step  Tu  continues  the  transition  by  opening  switch  S, 
producing  a  straight  transformer  conduction  motor  with  an 
inductance  in  the  middle  tap.  The  inductance  accomplishes 
no  uselul  purpose  in  this  case  except  helping  in  the  transition 
and  therefore  step  Tu  is  used  only  instantaneoush-  and  the- 
closing  of  switch  D2  completes  the  transition. 

Step  3,  Fig.  4(e),  shows  the  standard  transformer  conduc- 
tion connection  with  the  torque  field  excited  bv  the  armature 
current  and,  therefore,  being  of  full  strength.  While  the 
voltage  £e.,  is  smaller  than  £c=  in  Fig  4(b),  the  armature  cir- 
cuit voltage  £.,,  is  now  positive  and  the  equivalent  armature 
voltage  is  the  sum  of  one-half  of  £,,  and  the  full  voltage  /?,, 
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FIG.  4(c),  STEP  Ta 
Short-time  transition  con- 
nection with  each  of  the  three 
motor  parts  connected  sepa- 
rately across  part  of  the 
transformer.  Induction  coils 
a  and  b  form  part  of  two  of 
the  circuits  and  adjust  the 
phase  relation  between  the 
torque  field  and  armature 
current  so  as  to  give  some 
torque  and  avoid  excessive 
current  values. 


FIG.  4(d),  STEP  Tb 
Short-time  transition  con- 
nection as  transformer  con- 
duction motor  with  induction 
coils  a  and  b  in  middle  tap. 
In  this  case,  these  coils  serve 
only  the  purpose  of  complet- 
ing transition  from  step  7',,  to 
3.  Torque  field  excited  by 
the   armature   current. 


FIG.   4(a),    STEP    I 
Inversed     transformer     con- 


duction       connection 


FIG.    4(b),    STEP 

Same  as    (a).       With  effec 


torque   field  excited   by   cross 
field  current. 


t  h    live      voltage      increased      bv 


opening  P  and  closing  A~. 
thus  increasing  the  voltage  of 
the  cross-field  circuit, 

and  subsequently  closing  A,.  Coil  /,  serves  the  purpose  of 
maknig  the  transition  without  current  interruption  and  acts 
with  step  2  merely  as  a  small  autotrans former  furnishing  a 
voltage  between  that  of  tap  A,  and  A,.  Since  it  carries  one- 
half  the  cross  field  current  in  opposite  directions  in  each  half, 
it  has  no  resultant  inductive  efifect.  The  acceleration  witli 
step  2  is  carried  on  to  a  speed  at  which  the  cross  field 
becomes  sufficiently  eft'ective  with  regard  to  commutation  so 
that  operation  with  lull  field  strength  is  practicable  lor  the 
next  steps. 

■S/c/'  T:„  Fig.  4(c),  is  a  short  time  transition  connection 
Irom  mversed  transformer  conduction  connection  with  the 
torque  held  in  the  crv.ss  field  circuit  to  the  standard  trans- 
lormer  conduction  connection  with  the  torque  field  in  the 
armature  circuit.  For  this  purpose  the  switch  A  is  closed 
establishing  temporarily  three  separate  circuits  for  each  of  the 
motor  windings  with  a  separate  transformer  voltage  impressed 
upon  each.  The  two  parts  a  and  b  of  the  inductance  /,  are 
arranged  to  form  part  of  both  the  cross  field  and  torque  field 
circuits  Without  this  inductance  the  torque  field  current 
would  be  purely  inductive  and  the  torque  field  would  lag  90 
degrees  behind  the  transformer  voltage.  It  could,  therefore 
mduce  only  a  rotational  counter  voltage  of  the  same  phase 
111  the  armature,  while  the  equivalent  voltage  impressed  upon 


FIG.  4(e),  STEP  3  FIG.  4(f),  sTi;p  4 
First  running  connection.  Same  connections  as  (e) 
Standard  transformer  —  con-  with  effective  voltage  in- 
duction connection,  w  i  t  h  creased  by  opening  A,  and 
torque  field,  excited  by  arma-  closing  P,  thus  increasing  the 
ture  current.  cross-field  voltage. 

Thus  the  equivalent  voltage  for  step  3  is  larger  than  the  volt- 
age lor  step  2.  This  is  necessary  because  with  increased  field 
strength  step  3  would  give  lower  speeds  than  step  2  if  the 
equivalent  voltage  had  not  been  raised.  Step  3  represents  the 
first  running  position  of  the  master  controller,  and  if  the 
latter  is  moved  to  this  position,  the  connections  of  step  3  are 
automatically  reached  under  the  control  of  the  limit  relav 
while  passing  through  the  previous  steps.  The  induction  coil 
/=  in  Fig.  4(e)  serves  merely  as  an  autotransformer  to  give 
a  voltage  between  that  of  the  taps  A  and  D-,.     Since  the  turns 

1^"  ■jj'"'^  '^''^^'^  ^^^"  '''  ^^'^  '^"''^  "  ^"d  *  '^ai'i'y  less  than  half 
the  middle  lead  current,  while  coil  c  carries  more  than  half 
but  the  resulting  ampere  turns  of  the  two  currents  will  be  such 
that  the  inductance  is  without  resultant  efifect  upon  the  motor 
operation.  If  the  master  controller  is  set  for  its  second  or 
final  running  position,  the  limit  relays  will  automaticallv 
change  from  the  connection  of  Fig.  4(e)  up  to  that  of  Fig 
4(k),  passing  through  all  intermediate  connections  under  the 
control  of  the  limit  relay. 

Step  4,  Fig.  4(f),  is  practically  the  same  as  Fig.  4re), 
except  that  the  cross  field  voltage,  and  with  it  the  equivalent 
arrnature  voltage  has  been  raised  bv  first  opening  switch  Ay 
and  subsequently  closing  switch  P.     Since   step  3 'is   used  for 
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running  operation  only  after  the  load  current  and  with  it  the 
sparking  voltage  induced  b}'  the  torque  field  are  below  a  cer- 
tain voltage,  the  cross  field  voltage  with  Fig.  3  is  arranged  to 
be  relatively  small.  On  the  other  hand,  steps  4,  5  and  6  are 
used  only  with  heavy  accelerating  currents  and  moderate  .speed, 
and  consequently  relatively  strong  cross  fields  are  required  in 
these  cases  to  induce  sufficient  compensating  voltages  in  the 
short-circuited  coils.  Therefore,  the  cross  field  voltage  is 
made  as  strong  as  possible  for  these  steps,  the  equivalent 
voltage  being  increased  by  increasing  the  cross  field  voltage 
from  step  to  step. 

The  connection  of  the  induction  coil  /,,  is  somewhat  special 
in  case  of  Fig.  4(f).  It  will  be  noticed. that  the.  full  cross 
field  current  has  to  pass  part  d  of  the  induction  coil.  Never- 
theless, the  induction  coil  is  ineffective  as  such  because  the 
switch  P  closes  the  part  e  which  thereby  forms  the  short  cir- 
cuited secondary  of  a  transformer  with  the  primary  d.  Con- 
sequently, none"  but  the  small  leakage  reactances  are  effective 
in  the  cross  field  lead. 

Step  5,  Fig.  4(g),  is  again  practically  the  same  as  Fig. 
4(f),  except  that  the  cross  field  voltage  has  been  raised  by 
opening  P  and  closing  A,.  The  coil  h  serves  in  this  case  again 
as  an  autotransformer  only,  giving  a  voltage  point  half  way 
between  tap  A-  and  A,. 

Step  6,  Fig.  4(h),  is  again  similar  to  Fig.  4(g),  except  that 
the  cross  field  voltage  has  again  been  raised  by  opening  A, 
and  closing  P,  giving  the  voltage  of  tap  A3. 

The  manipulation  of  the  switches  At,  Ai,  A,  and  P  in 
shifting  the  cross  field  lead  along  the  transformer  is  of  special 
interest.  With  the  usual  method  of  stepping,  by  means  of  a 
two  part  coil,  the  number  of  switches  required  is  equal  to  the 


FIG.   4(g),    STEP   5  FIG.   4(h),    STEP   6 

Same   as    (f)    but  with   the  Same  as    (g)    but  with   the 

effective  voltage   increased  by  effective  voltage  increased  by 

opening     P    and    closing    A,,  opening    A-    and     closing    P, 

thus     further     increasing     the  thus     further     increasing     the 

cross-field  voltage.  cross-field  voltage. 

number  of  steps  plus  one.  In  the  present  case,  five  steps  have 
been  obtained  with  four  switches,  which  is  made  possible  by 
the  rather  unusual  connections  of  the  coil  h  as  shown  in  Figs. 
4(a),  (f)  and  (h). 

After  operation  on  the  accelerating  step  6,  the  motor  speed 
is  relatively  high,  so  that  the  strong  cross  field  of  step  6  would 
induce  too  large  a  voltage,  leading  to  over  compensation  and 
bad  commutation  on  that  account. 

Step  7,  Fig.  4(i),  is  therefore  arranged  to  give  a  higher 
equivalent  voltage  in  the  armature  circuit  by  a  shifting  of  the 
middle  tap  of  the  motor  to  the  left  by  means  of  the  inductance 
coil  h;  i.  e.,  by  opening  first  the  switch  d  and  subsequently 
closing  Di,  the  middle  tap  voltage  is  changed  from  a  point 
between  Di  and  D:  to  a  point  between  Di  and  D,,  h  serving 
again  with  step  7  merely  as  an  autotransformer  to  accomplish 
transition.  The  active  parts  b  and  c  of  [2  being  equal  in  this 
case,  the  current  of  the  middle  motor  tap  splits  equally  between 
b  and  c.  If  it  is  assumed  now,  for  instance,  that  the  middle 
tap  has  been  shifted  100  volts,  it  is  evident  that  the  voltage  of 
the  armature  circuit  has  been  raised  lOO  volts,  while  that  of 
the  cross  field  circuit  has  been  lowered  100  volts.  The  direct 
addition  of  100  volts  to  the  armature  circuit  increases  the 
equivalent  voltage  the  full  amount  of  100  volts  while  the  sub- 
traction of  100  \oUs  from  the  cross  field  circuit  reappears  only 
as  half  this  value  in  the  equivalent  armature  voltage  on  ac- 
count of  the  transformer  ratio  of  2:1.  It  is  therefore  evident 
that  the  equivalent  armature  voltage  has  been  raised  a  net 
amount  of  50  volts  while  the  cross  field  has  been  simul- 
taneously lowered,  as  is  desirable  for  this  high-speed  step. 
After  the  motor  has  accelerated  with  the  connection  of  step 
7,  satisfactory  commutation  will  be  obtained  with  still  smaller 
cross  field  strength  for  the  next  steps. 

Step  8,  Fig.  4(j),  is  obtained  from  step  7  by  again  shifting 
the  middle  tap  to  the  left.  This  time  this  is  done,  however,  by 
merely  opening  the  switch  D=  which  brings  the  middle  tap 
from  a  point  half  way  between  D2  and  Ds  to  the  tap  D3.  With 
this  high  speed,  it  is  desirable  to  modify  the  phase  of  the  cross 


field  voltage  by  inserting  an  active  inductance  into  the  middle 
tap,  to  get  best  commutation  conditions.  Since  the  entire 
middle  tap  current  flows  through  the  coil  part  b  in  Fig.  4(j) 
this  part  furnishes  such  an  inductance.  Step  8  represents  the 
connection  with  the  highest  equivalent  voltage  and  may  be  con- 
sidered as  the  standard  running  connection.  If  the  tractive 
effort  required  is  small,  however,  the  motor  would  accelerate 
along  the  curve  corresponding  to  step  8  to  rather  high  speed 
values.  This  tendency  to  excess  speed  of  trains  would 
also  be  accompanied  by  a  commutating  condition  where, 
with  the  high  speed  and  small  torque  field,  the  cross  field  would 
be  too  strong  and  would  cause  sparking  by  over-compensating 
the  commutating  coil.  Therefore,  the  limit  relay  is  arranged 
to  open  switch  P  and  re-close  A:  automatically  when  the  cur- 
rent goes  below  a  certain  value  Step  8A,  Fig.  4  (k).  This 
lowers  the  cross  field  voltage  and  with  it  the  equivalent  arma- 
ture voltage,  thereby  simultaneously  reducing  the  tendency  for 
excess  speed  and  establishing  satisfactory  commutating  condi- 


FIG.  4(i),  STEP  7 
Same  as  (h)  but  with  the 
effective  voltage  increased  by 
shifting  the  middle  taps  by 
opening  Di  and  closing  D2 
thus  increasing  the  armature 
voltage  and  decreasing  the 
cross-field  voltage. 


FIG.    4(j),    STEP   8    . 

Normal  running  connection. 
Same  as  (i)  but  with  the  in- 
duction coil  b  in  the  middle 
tap  and  the  torque  field  ex- 
cited by  the  armature  current, 
thus  increasing  the  effective 
voltage. 


FIG.   4(k),   STEP 

Same    as     (j)     but 


tions  for  the  highest 
operating  speeds  with  low 
tractive  effort.      It  will   be- 

I  t:i  seen     that     both     purposes 

l-g  are  accomplished  by  merely 

''gb  re-using     existing     acceler- 

ating switches. 

This  control  arrange- 
ment has,  in  other  words, 
the  advantage  of  steep 
motor  cun-es  during  ac- 
celeration, result  i  n  g  in 
smooth  transition  with  few 
steps,  together  with  the 
with  the  advantage  of  having  a 
cross-field  voltage  reduced  by  rather  flat  final  running- 
opening  P  and  closing  A-;  to  ad-  curve,  with  small  tendency 
just  the  sparking  conditions  for  to  excess  speed.  This  flat 
high-speed  operation.  The  effec-  curve  is,  of  course,  in 
live  voltage  is  thereby  also  reality  composed  of  sepa- 
slightly  reduced  to  avoid  excess  rate  portions  of  the  two 
speed.  curves      corresponding     to 

steps  8  and  8^,  but  in 
practice  is  as  good  as  if  a  single  flat  curve  was  available.  The 
arrangement  may  therefore  be  considered  to  a  certain  degree 
as  combining  the  advantages  of  both  series  and  compound 
characteristics. 

In  Figs.  4(a)  to  (k),  the  current  carried  in  each  case 
by  the  switches  in  percent  of  the  armature  current  is  marked 
near  the  switch,  these  values  being  easily  determined  from  the 
previous  considerations.  Only  switch  M  carries  the  full  arma- 
ture current,  while  all  other  switches  carry  much  smaller  cur- 
rents; the  r.m.s.  value  is  in  none  of  these  cases  more  than  40 
percent  of  the  r.m.s.  armature  current. 

As  previously  intimated,  the  entire  acceleration  of 
the  equipment  is  automatically  accomplished  by  the 
limit  relay.  This  relay  is  arranged  for  two  different 
settings  by  means  of  an  auxiliary  coil.  One  or  the  other 
of  these  settings  is  used  for  each  step,  selecting  in  eveiy 
case  by  means  of  interlocking  the  setting  which  gives 
the  best  results  with  regard  to  smooth  acceleration,  com- 
mutating considerations  and  excess  speed.  The  accel- 
eration of  the  cars  is  exceedingly  smooth  and  there  is 
not  a  doubt  but  that  from  an  accelerating  point  of  view,. 
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the  number  of  steps  and  switches  could  even  be  reduced, 
aUhough  this  would  mean  a  slight  sacrifice  in  commu- 
tating  conditions.  The  equipment  operates  very  satis- 
factorily in  this  respect,  because  whenever  the  compen- 
sating conditions  are  not  ideal,  as  for  instance  at  low 
speeds,  such  condition  exists  only  for  a  very  short  per- 
iod of  time.  The  carbon  wear  is,  of  course,  somewhat 
greater  than  with  direct-current  commutating-pole  mo- 
tors for  similar  service,  bat  the  expense  for  carbons 
and  their  replacement  is,  after  all,  an  almost  negligible 
item  in  operation  and  maintenance.  Present  indications 
are  that  the  commutator  wear  is  so  slight  that  the  com- 
mutator can  be  operated  for  a  number  of  years  without 
re-turning  or  under-cutting. 


tance,   because   with   the   present   line   regulation   it   is 
hardly  ever  called  upon  to  operate. 

As  trains  of  several  cars  are  always  operated,  no 
provisions  have  been  made  to  cut  out  one  of  the  two  mo- 
tors on  each  car,  the  practice  being  to  cut  out  an  entire 
car  when  one  of  the  motors  is  inoperative.  This  prac- 
tice, together  with  the  practice  of  using  all  motor  cars, 
without  trailers,  is  greatly  to  be  recommended.  It.ma- 


FIG.    5 — STATOK    OF    THE    P.AOLI    MOTOS 

Showing  laminated  steel   shell  in  upper  view,   and   tortiuc 
and  cross  field  windings  in  position  in  lower  view. 

This  article,  being  merely  intended  to  discuss  the 
fundamental  principles  of  the  main  motor  and  its  con- 
trol does  not  describe  in  detail  all  parts  and  functions  of 
the  equipment.  Some  additional  features  of  the  control 
tnay,  however,  be  mentioned  briefly. 

In  order  to  simplify  the  interlocking  of  the  main 
switches  their  sequence  is  controlled  by  a  pneumatically- 
controlled  auxiliary  contact  drum,  the  progression  of 
which  is  under  the  control  of  the  master  controller  and 
the  limit  relay. 

Special  arrangements  are  made  in  the  control  cir- 
cuits to  modify  slightly  by  means  of  a  voltage  relay,  the 
progression  of  the  main  circuit  switches,  in  case  the  line 
voltage  should  be  exceptionally  low,  so  as  to  get,  even 
under  this  condition,  satisfactory  commutation.  This 
feature,  however,  does  not  seem  to  be  of  great  impor- 


FIG.   6 — ARM.^TUKE   OF    FAOLI    MOTOR 

In  order  to  [acilitate  repairs,  the  slots  are  of  the  entirely 
open  type,  as  ordinarily  used  in  direct-current  motor  arma- 
tures. 

terially  simplifies  the  control  and  eliminates  the  chances 
for  overloading  the  ecjuipments  with  more  trailers  than 
it  is  designed  for,  as  is  so  frequently  done  where  tr:iins 
are  composed  of  motor  cars  and  trailers.  With  the 
Pennsylvania  Railroad  equipments,  overloading  of 
motors  is  only  possible  in  case  of  special  emergency 
when  a  car  in  a  train  is  disabled,  and  even  then  the  com- 
pleting of  a  run  to  a  point  where  the  disabled  car  can  be 
replaced  by  another  is  unlikely  to  cause  an\-  serious 
damage. 

The  use  of  auto- 
matic acceleration  is 
is  also  of  great  assis- 
tance since  it  avoids 
abuse  of  the  equip- 
ment. Furthermore 
the  starting  tractive 
FIG.  7 — ARM.\TURE.  COIL  effort  and  rate  of  ac- 

Used  in  winding  armature  of  Fig.  6.    c  e  1  e  r  a  t  i  O  n    is     of 

course,  limited  to  a  definite  uniform  value  by  means  of 
the  automatic  acceleration.  Switching  means  are  pro- 
vided for  modifying  the  action  of  the  limit  so  as  to  give 
increased  tractive  effort  for  cases  of  exceptional  emer- 
gency, as  for  instance,  wherever  it  is  necessary  to  help 
out  one  of  the  steam-operated  through  trains  stalled  on 
the  line. 


Laurence  M.  Wili.son 
Foreman  Electric  Car  Equipment,   Paoli, 
Pennsylvania  Railroad  Company 


THE  PHILADEPHIA-PAOLI  electrification 
lias  now  been  in  operation  for  two  years.  During 
this  period  the  congestion  in  Broad  Street  station 
has  been-  considerably  relieved  as  was  expected.  This 
relief  has  been  especially  noticeable  during  periods  of 
heavy  travel  and  bad  weather  conditions,  which  pre- 
viously caused  terminal  delays  due  to  waiting  for  steam 
engines.  Delays  of  this  sort  are  eliminated  with  electric 
service  since  multiple-unit  cai-  trains  are  ready  to  leave 
a  terminal  as  soon  as  the  passengers  can  be  unloaded 
and  loaded.  Delays  on  the  road  affecting  the  Paoli  local 
service  have  also  been  materially  reduced  by  the  electric 
service  due  to  the  ability  to  maintain  the  schedule  and 
make  up  time.  Although  the  running  time  for  local 
trains  between  Philadelphia  and  Paoli  has  been  de- 
creased from  50  to  49  minutes,  electric  service  shows 


During  the  first  winter  of  operation,  a  problem  arose  in- 
volving the  best  method  to  eliminate  trouble  from  sleet 
collecting  on  the  pantagraph  tubing.  It  was  found  de- 
sirable to  limit  the  pantagraph  shoe  tension  to  16  pounds, 
and  with  this  pressure  a  collection  of  sleet  not  more  than 
5lj  inch  in  thickness  on  the  tubing  seriously  affected  the 
operation  of  the  pantagraph.  Cases  were  experienced 
where  pantagrajihs  during  a  sleet  storm  failed  to  raise 
again  after  passing  a  point  of  reduced  overhead  line 
clearance,  such  as  a  low  highway  bridge.  During  certain 
sleet  conditions,  it  was  necessary  to  remove  all  sleet  from 
the  tubing  of  all  pantagraphs  at  each  end  of  the  20  mile 
run  from  Philadelphia  to  Paoli.  As  there  are  56  cars 
which  lie  outside  in  Paoli  Yard  each  night  to  make  up 
trains  departing  between  6.00  A.  M.  and  9.00  A.  M.  it 
developed   into  ciuite   a     ;)r()position   to   ]jut   the   panta- 


Fir..    I — SIX-CAR    ELECTRIC    TRAIN 

On    the    Trunk    Line    Electrification    of    the    Pennsylvania  Railroad. 


an  average  percentage  of  trains  making  the  schedule  of 
90  percent  as  against  80  percent  in  steam  service.  For  the 
twelve  months  from  August  1916  to  July  1917  inclusive, 
the  detentions  resulting  from  electric  car  equipment 
failures  from  all  causes  have  averaged  as  follows : — 

26800  car-miles  per  detention. 

3970  car-miles  per  minute  detention. 
The  present  electric  service  consists  of  86  trains  per 
day,  of  which  10  are  semi-express  and  the  balance  local 
trains.  Four  cars  per  train  is  an  average  figure,  with  a 
maximum  of  eight  cars  regularly,  and  nine  cars  for 
special  service.  An  average  of  183  000  car-miles  per 
month  is  made.  A  total  of  75  cars  is  required  for  this 
service,  including  those  out  of  service  for  inspection  or 
repairs.  The  inspection  is  handled  on  the  usual  mileage 
basis,  cars  averaging  1150  miles  between  inspections. 

Some  of  the   experiences   that   have   been   passed 
through  with  this  equipment  may  be  of  general  interest. 


graphs  of  these  cars  in  proi)er  condition  after  a  sleety 
night.  To  handle  this  situation,  two  platforms  at  the 
.same  height  as  the  car  roof  havebeen  provided,  equipped 
with  steam  hose  connections  .supplied  by  a  steam  loco- 
motive boiler.  These  platforms  serve  four  yard 
tracks  at  Paoli  and  are  used  by  gangs  of  men  employing 
steam  hose  with  suitable  nozzles  to  thaw  sleet  from  the 
pantagraphs.  In  this  manner  the  work  can  be  done  very 
quickly  and  more  effectively  than  in  any  other  way  that 
has  been  tried.  At  the  Philadelphia  end  of  the  line,  sleet 
is  removed  by  knocking  and  scraping  it  off,  using  tools 
provided  for  the  purpose.  Since  the  cars  lie  overnight  in- 
side the  trainshed  at  this  end  of  the  line,  the  use  of 
steam  has  not  been  found  necessary. 

Pantagraph  troubles  naturally  developed  during  the 
early  stages  resulting  in  wrecked  and  damaged  tubing. 
In  making  repairs  a  large  saving  in  the  amount  of  ma- 
terial used  was  effected  by  splicing  tubing.  In   this  way 
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short  lengths  that  were  still  intact  were  taken  from  a 
damas,-ed  pantagraph  and  spliced  to  make  up  lengths  of 
the  proper  size.  The  splice  was  made  by  telescoping  in- 
side the  tubing  at  the  joint  a  plug  six  inches  long  con- 
sisting of  a  wooden  core  enclosed  in  steel  tubing  that 
will  tTt  neatly  in  the  standard  tubing.  The  outer  tubing 
is  then  heavily  center  punched  at  four  points  each  side 
of  the  joint,  so  as  to  chnch  into  the  wooden  core,  no 
bolts  or  rivets  being  used.  A  large  number  of  these 
joints  have  been  in  service  for  over  a  year  and  have 
never  given  any  trouble. 

During  snow  storms,  considerable  snow  was  mtro- 
duced  into  the  transformer  windings  on  account  of  the 
exposed  location  of  the  air  intake.  This  resulted  in  a 
number  of  cases  of  insulation  break-down  in  the  high 
tension  windings  of  tlie  transformers.  Temporary  re- 
lief was  obtained  by  straining  the  air  through  cheese 
cloth.  .V  number  of  types  of  intake  boxes  and  other 
devices  were  tried  to  keep  the  snow  out  of  the  tran,=  - 
formers.  Finally  a  type  of  intake  box  has  been  devel- 
oped, which  strains  the  air  through  bags  of  special  cloth. 


Ill,     J       llll:ll-CAU    KLi;CTRIC    TRAIN    ON    THE    PHIL.\DELI'HIA-1'A0LI 
ELECTRIFIC.VTION 

These  are  made  easily  removable  for  cleaning.  Experi- 
ence with  an  intake  of  this  type  indicates  that  it  is  ef- 
fective in  keeping  put  not  only  snow  but  also  a  large 
cplantity  of  dirt  that  would  otherwise  collect  on  the 
transformer  and  main  motor  windings.  The  difference 
in  the  amount  of  dirt  piesent  when  blowing  out  this  ap- 
paratus on  inspection  has  been  very  noticeable,  since  the 
adoption  of  the  bag  type  intakes. 

The  main  motors  have  given  very  good  service. 
After  they  had  been  operating  for  a  short  time,  it  was 
found  desirable  to  provide  additional  insulation  between 
the  main  and  auxiliary  field  windings,  so  as  to  insure 
against  the  possibility  of  insulation  breakdown  due  to 
the  relatively  high  voltage  between  these  two  circuits. 
This  voltage  amounts  to  appro.ximately  800  volts  during 
parts  of  the  sequence.  The  operation  of  this  motor  rn 
the  repulsion  doubly-fed  principle  has  worked  out  veiy 
well.  The  elimination  of  resistance  leads  in  the  arm- 
ature winding  has  introduced  no  trouble  and  results  in  a 
sturdy  ,'irmature  that  is  practically  the  same  as   used  in 


direct-current  railway  motors.  The  commutation  has 
been  entirely  satisfactory.  The  appearance  of  the  com- 
mutators at  the  present  time  after  making  50  000  miles 
without  turning  is  exceptionally  good. 

One  motor  is  used  on  these  cars  to  operate  both  the 
fan    and    the    air    compressor.  During    operation,    this 
motor  runs  continuously  so  as  to  provide  ventilation  for 
the  electrical  apparatus.  The  air  compressor  is  connected 
to  the  motor   shaft  through  a   multiple   disc  clutch  op- 
erated by  air  pressure  and  controlled  by  the  governor. 
This  allows  intermittent  running  of  the  compressor  from 
the  motor  that  drives  the  fan.  Since  the  motor  is  series 
wound,  the  speed  varies  as  the  compressor  cuts  in  or  out. 
This  variation  in  speed,  as  well  as  the  combination  of 
reciprocating  and   rotating  motion,    introduced   severe 
strains  in  the  fan  that  was  used  at  first.  As  a  result  the 
fans  developed  defects,  such  as  broken  blades  and  stays. 
After  experimenting  with  different  fans,  a  type  was  de- 
veloped with  a  hub  having  spokes  attached  to  the  middle 
of  the  blades.  This  type   combines  strength   with  light- 
ness of  construction  and  is  now  giving  excellent  service. 
After  the  cars  were  placed  in  service,  an  emergency 
switch  was  provided  to  short-circuit  the  control  contacts 
of  the  current  limit  relay.  This  was  done  to  give  addi- 
tional starting  torque  for  starting  a  train  having  one  or 
more  cars  inoperative,  in  case  it  should  be  stalled  on  one 
of  the  grades.  On  the  Paoli  line  the  maximum  grade  is 
1.5  percent.  This  switch  is  normally  blocked  open  by  a 
wooden  cover   secured  by  a  seal.    In  using  this  device, 
the  seals  are  broken  and  switches  closed  on  all  operative 
cars  and  the  controller   handle   placed   in  first  running 
position.  This  method  of  obtaining  additional  torque  has 
been  used  a  number  of  times  in  assisting  stalled  steam 
trains  to  start  and  has  proved  of  decided  merit  in  reduc- 
ing  delays  that   would   otherwise  have   resulted.  Tests 
made  have   proved  that  a   three  car  electric   train  with 
emergency    switches    closed    on    all    cars    can   provide 
enough  assistance  to   start  stalled  steam  trains   of  from 
ten  (10)  to  twenty  (20)  steel  cars. 

As  a  result  of  considerable  experimenting,  after  the 
electric  service  started,  it  was  found  desirable  to  elimi- 
nate the  resistance  used  during  acceleration,  so  as  to  re- 
duce the  energy  consumption.  The  Paoli  local  service 
includes  nineteen  station  stops  in  twenty  (20)  miles, 
which  means  that  the  energ\-  consumption  during  accel- 
eration is  a  large  percentage  of  the  total.  The  modifi- 
cation in  the  principle  of  operation  to  effect  reduction  of 
accelerating  losses  consisted  in  replacing  all  resistance 
grids  by  preventive  coils  and  a  portion  of  the  main 
transformer  winding.  The  new  connections  and  se- 
quence of  switches  are  shown  in  Fig.  3.  It  will  be  seen 
that  the  limiting  of  armature  current  during  repulsion 
motor  starting  is  effected  by  impressing  across  the  two 
armatures  a  "bucking"  voltage  from  the  main  trans- 
former. Approximately  70  volts  are  required  for  this 
connection.  Two  preventive  coils  are  used  to  control  the 
change  of  voltage  impressed  on  the  auxiliary  field  and 
the  middle  side  of  the  circuit.  The  P  switch  used  with 
one  of  these  coils  makes  it  possible  to  get  fi\'e  ditferent 
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voltages  from  three  transformer  taps  by  means  of  four 
switches  instead  of  six  taps  and  six  switches  as  would 
be  required  by  the  usual  method.  The  preventive  coil  in 
the  middle  side  of  the  circuit  is  arranged  with  four  taps 
so  as  to  introduce  varied  reactances  into  this  circuit. 
During  transition  from  repulsion  to  doubly-fed  motor 
operation,  between  the  second  and  third  steps  of  the  se- 
quence, a  relatively  large  reactance  is  inserted  when  the 
Di  switch  closes  until  the  S  switch  drops  out,  this  allow- 
ing the  D^  switch  to  close  and  balance  the  preventive 
coil.  Also  on  the  last  two  steps,  the  D^  switch  being 
closed  with  the  D-^  and  D^  out  introduces  a  small  react- 
ance into  the  circuit.  Introducing  these  reactances,  to- 
gether with  the  manner  in  which  tlie  impressed  voltages 
are  varied,  results  in  satisfactory  commutation  during 
the  entire  sequence  of  operation. 

Progression  from  one  step  to  another  is,  with  one 
exception,  made  by  first  opening  a  switch  instead  of 
closing  one.  The  ordinaiy  current  limit  relay  is  not  well 
adapted  to  handle  automatic  acceleration  based  on  this 
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FIG.    3 — DIAGRAM    OF    COXXECTIONS    OF    CONTROL    EQUIPMENT 

principle.  On  this  account  and  in  order  to  limit  the  num- 
ber of  switch  interlock  fingers,  it  was  decided  to  use  a 
PK  control  head  to  operate  a  control  interlocking  or  se- 
quence switch  drum  which  governs  the  closing  of  the 
proper  switches  for  each  step.  The  limit  relay,  then, 
only  controls  the  movement  of  this  drum  by  means  of 
the  PK  head.  The  interlocking  switch  is  mounted  on  the 
end  of  the  switch  group  opposite  from  the  reverser. 
The  switch  group  itself,  except  for  certain  changes  in 
wiring,  remains  the  same  as  on  the  original  equipment 
since  the  same  number  of  switches  are  required. 

The  original  cars  w'ere  supplied  with  an  oil  circuit 
breaker  in  the  high  tension  lead  to  the  transformer. 
This  followed  the  same  practice  as  on  other  1 1  ooo  volt 
equipments.  The  type  of  oil  circuit  breaker  that  can  be 
placed  under  the  body  of  a  passenger  coach  is  not  capa- 
ble of  satisfactorily  clearing  a  short-circuit  such  as  the 
grounding  of  the  high  tension  winding  of  the  trans- 
former. Since  this  is  the  case,  it  was  finally  determined 
to  eliminate  this  device  and  along  with  it  the  expense  of 


its  upkeep  and  the  possibility  of  personal  injuiy  result- 
ing from  a  ground  in  the  oil  circuit  breaker  itself.  With 
the  elimination  of  this  device,  it  was  necessary  to  pro- 
vide overload  protection  for  both  the  high  and  low  ten- 
sion circuits.  For  the  high  tension  circuit,  a  series 
transformer  is  placed  in  tlie  lead  from  the  pantagraph  to 
the  main  transformer.  The  secondary  circuit  of  this 
series  transformer  is  connected  to  the  coil  of  a  relay, 
which  automatically  lowers  the  pantagraph  of  a  car  hav- 
ing a  defect  in  the  high  tension  circuit,  but  only  after 
power  has  been  removed  from  the  line  by  the  automatic 
opening  of  the  substation  circuit  breakers.  Tlie  setting 
of  the  relay  corresponds  to  a  flow  of  230  amperes 
through  the  primary  of  the  series  transformer,  thus  in- 
suring the  functioning  of  the  relay  and  the  lowering  of 
the  pantagraph  only  in  case  of  a  ground  on  the  high 
tension  circuit.  The  relay  is  connected  so  that  it  lowers 
the  pantagraph  only  on  the  car  affected  and  holds  it  in 
the  down  position  so  that  it  cannot  be  raised  until  the 
relay  has  been  reset.  The  relay  can  be  reset  only  by 
hand,  after  opening  the  relaj'  box.  Instruc- 
tions are  issued  so  that  this  is  not  done  until 
an  examination  of  the  car  has  been  made.  The 
relay  is  so  arranged  that  in  case  it  operates, 
the  pantagraph  on  the  car  cannot  be  lowered 
either  automatically  or  from  one  of  the  master 
controllers  until  power  has  been  removed 
from  the  line. 

Overload    protection    for    the    motor    cir- 
cuits is  obtained  by  means  of  two  low  tension 
overload  relays  connected  in  two  sides  of  the 
circuit  to  the  motors.    These  relays  are  set  to 
act  at  a  current  about  100  percent  higher  than 
the  normal  maximum  working  current.     The 
tripping  of  either  relay  results  in  opening  and 
holding  open  all  switches  in  the  switch  group, 
until  reset  by  the  motorman  from  the  master 
controller.    It  is  necessai-y  to  have  two  relays 
in  order  to  fully  protect  the  motors,  which  op- 
erate on  a  three-wire  circuit.  Protection  for  the 
auxiliary  apparatus,  such  as  blower  motor,  heaters  and 
lights  is  covered  by  fuses  in  the  various  circuits  the  same 
as  when  the  oil  circuit  breaker  was  used. 

All  of  the  93  cars  used  on  this  electrification  have 
been  equipped  as  already  described.  They  have  been  op- 
erating for  a  period  of  three  months  with  this  equipment 
and  giving  service  which  justifies  thoroughly  the  changes 
made.  The  saving  in  energ>'  consumption  on  the 
scheduled  local  service  is  approximately  nine  percent,  as 
compared  with  the  consumption  before  the  resistance 
were  removed.  There  has  been  one  case  requiring  the 
operation  of  the  pantagraph  lowering  relay.  This  was  on 
a  car  having  a  transformer  with  a  grounded  high  ten- 
sion winding.  In  tliis  case  the  relay  functioned  properiy 
and  power  was  restored  immediately  to  the  line.  The 
train  proceeded  with  one  car  dead,  with  a  resultant  de- 
tention of  only  two  minutes.  The  advantage  of  this  ar- 
rangement is  that  the  defective  car  is  located  and  cut 
out  automatically,  so  that  power  may  be  restored 
promptly  without  time  lost  in  looking  for  the  trouble. 
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PASSENGER  SERVICE  was  started  on  the  Chicago,  Lake  Shore  &  South  Bend  Railway  in 
June  igoS.  Several  years  ago  the  Company  took  on  a  commercial  power  load.  In  January  of  the 
present  year  locomotive  freight  service  was  inaugurated.  The  loooo  kw  power  plant,  the  6600  volt, 
single-phase  trolley  and  the  location  of  the  road  all  combine  to  make  the  commercial  power  load  and 
the   locomotive   freight   service   desirable  expansions  in  the  Railway  Company's  business. 


THE  Chicago  Lake  Shore  &  South  Bend  Railway 
extends  frotn  South  Bend,  Ind.  through  New 
Cariisle,  Michigan  City,  Gary,  Calumet,  Ham- 
mond, Hegewisch  and  Kensington  to  Pullmari  and  fur- 
nishes through  service  on  into  Chicago.  Its  through 
cars  are  hauled  over  the  Il- 
linois Central  tracks  be- 
tween Kensington  and  Ran- 
dolph Street  Station,  Chi- 
cago, a  distance  of  15  miles, 
by  Illinois  Central  locomo- 
tives. The  distance  from 
South  Bend  to  Pullman  is 
76  miles.  The  road  is  single 
track  from  South  Bend  to 
Gary,  59  miles,  and  double 
track  the  rest  of  the  wa}', 
17  miles.  It  is  protected 
from  terminal  to  terminal 
with  automatic  block  signal. 
A  two  mile  city  spur  extends  from  East  Chicago  to 
Indiana  Harbor. 


eight  500  hp  boilers,  the  necessary  auxiliaries  and  a 
step-up  transformer  station.  There  are  two  step-down 
transformer  stations  on  the  line.  One  is  at  Calumet,  30 
miles  west  of  the  power  plant,  equipped  with  three  500 
kw  transformers.  The  other  is  at  Terre  Coupee,  21 
miles  east  of  the  power  plant,  and  equipped  with  two 
500  kw  transformers.  These  transformer  substations 
are  fed  from  a  33  000  volt,  single-phase  transmission 
line  and  deliver  6600  volt,  single-phase  current  to  the 
trolley.  The  trolley  is  broken  into  four  sections  but 
nornially  the  breaks  are  bridged.  The  two  sections  ad- 
jacent to  the  power  plant  are  fed  directly  from  the 
power  plant  6600  volt  bus-bars. 

PASSENGER  SERVICE 

Normal  week  day  passenger  service  consists  of  53 
schedule  trains  per  day.  Sunday  and  holiday  service 
consists  of  47  schedule  trains',  plus  such  extras  as  traffic 
may  demand.  The  Indiana  Harbor  service  consists  of 
47  round  trips  per  day. 

RELIABILITY 

One  of  the  characteristics  of  the  Chicago,  Lake 
Shore  and  South  Bend  Railway  is  the  reliability  of  its 
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Consisting  of  two  motor 
There  are  19  passenger  motor  cars,  14  trailers,  two 
locomotives  and  one  service  car  on  the  main  line  and 
three  passenger  motor  cars  on  the  Indiana  Harbor 
branch.  The  power  plant,  shop  and  offices  are  at  Michi- 
gan City,  34  miles  from  South  Bend.  The  power  plant 
is  equipped  with  three  2250  kw,  three-phase,  25  cycle, 
6600  volt  turbo-generators,  one  3750  k.v.a.,  three- 
phase,  60  cycle,  6600  volt  turbo-generator,  two  500  kw 
motor-generator  sets,  one  1000  kw  motor-generator  set, 


E  SHORE  &  Sol  III   i;e.\|j  kailway 
cars  and  four  trailers. 

service.  The  record  for  the  year  ending  June  30,  191 7 
is  a  sample.  During  this  period,  19  753  main  line  trains 
were  run.  Ninety-two  percent,  or  18  177  of  these 
trains,  arrived  at  the  terminals  on  time. 

PEAK  LOADS 

Another  characteristic  of  the  road  is  its  ability  to 
handle  peak  loads.  Norinal  service  calls  for  one  and 
two  car  trains.    The  size  of  these  trains  is  increased  on 
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demand  to  as  high  as  ten  car  multiple-unit  trains.  Fre- 
quently, in  addition  to  augmenting  the  size  of  the  sched- 
ule trains,  the  railway  is  called  upon  to  handle  heavy 
excursion  trains  delivered  to  it  by  the  Illinois  Central. 
Some  of  these  trains  are  handled  by  multiple-unit  cars 
and  some  by  electric  locomotives.  Decoration  Day  of 
this  year  was  one  of  the  peak  load  days. 

DECORATION   DAY 

The  Decoration  Day  service  was  as  follows : 

Extra  Trains : — 

Four  14  car  trains— Kcnjinglon  to  Port  Chester,  31  miles, 

and  return. 

Schedule  Trains : — 

7— car  I  train  4— car  I  train 

6— car  I  train  3— car         11  trains 

S— car  3  trains  2— car        23  trams 

I — car  7  trains 

Total         47  schedule  trains. 

Peak  Load  on  Power  Plant: — 

56  cars  in  excursion  trains  on  the  West  End 
16  cars  in  schedule  service  on  the  West  End 
8  cars  in  schedule  service  on  the  East  End 

2  cars  in  city  service  on  the  West  End 

Total — 82  cars  on  the  power  plant  at  one  time.     Normal 
service  calls  for  about  a  dozen  cars. 

Total  load  on  power  plant,  24  hours 57  300  kw-hr. 

Traction  load  on  power  plant,  24  hours 41  135  kw-hr. 

Maximum  traction  swing 4275  kw 

30  sec.   traction   peak 4000  kw 

3  minute  traction  peak 2500  kw 

Total    car-miles    for    the    day    (motor    car, 
trailer,   locomotive,   freight,   service,   city)      11  117 

Xormal  daily  car-miles,  about 4400 

Kw-hr.  per  car-mile  at  power  plant 3.73 

Watt-hours  per  ton'mile  at  power  plant....  gS 

PAGEANT  DAY 

Pageant  Day,  June  3rd  of  this  year,  was  another 
peak  load  day.    The  service  was  as  follows : — 

Extra  Trains : — 

One — 18  car  train   (6  motors  and  12  coaches) 
Seven — 14  car  trains  (2  motors  and  12  coaches) 
Two — 14  car  trains  (l  locomotive  and  14  coaches) 
Schedule   Trains : — 

7 — car  I  train  4 — car  3  trains 

6 — car  4  trains  3 — car  5  trains 

5 — car  2  trains  2 — car        22  trains 

I — car         10  trains 
Total  47  schedule  trains. 

Peak  Load  on  Power  Plant : — 

56  excursion  cars  on  West  End 
21  cars  in  schedule  service  on  West  End 
4  cars  in  schedule  service  on  East  End 
2  city  cars  on  West  End 

Total  83  cars  on  power  plant  at  one  time. 

Total  load  on  power  plant,  24  hours 58  900  kw-hr. 

Traction  load  on  power  plant,  24  hours 41  250  kw-hr. 

Maximum    traction    swing 4750  kw 

30  sec.   traction  peak 4000  kw 

3  minute  traction  peak 2750  kw 

Total  car-miles  for  the  day 12002 

Kw-hr.  per  car-mile  at  power  plant 3.44 

Watt-hours  per  ton-mile  at  power  plant 87 

The  Illinois  Central  delivered  five  12-car  trains  at 

Kensington  between  9:25  A.  M.  and  i  :5o  P.  M.    These 

cars,  carrying  some  4000  people,  were  hauled  to  Port 

Chester,  31  miles,  and  returned  to  the  Illinois  Central  at 

Kensington  between  8:00  P.  M.  and  10:50  P.  M.    The 

number  of  passengers  handled  on  this  day  was  about 

four  times  that  usuall}?  handled  on  Sundays  and  five  to 

six  times  that  handled  on  a  normal  week  day. 

FOURTH  OF  JULY 

July  4th,  191 7  was  another  heavy  day.    The  service 
was  as  follows : — 


Extra  Trains : — 

Four — 10  car  trains  between  Pullman   and   Hudson  Lake, 
71  miles,  hauled  by  electric  locomotives. 
Schedule  Trains: — 

10 — car  2  trains  5— car  2  trains 

S— car  3  trains  4— car         13  trains 

7— car  1   train  3— car  7  trains 

6— car  4  trains  2— car         10  trains 

I — car  5  trains 

Total  47  schedule  trains. 

Notwithstanding  the  heavy  service,  Si  percent  of  the  trains 
reached  the  terminals  on  time.  The  delay  record  was  as 
follows  :■ — 

2  trains — 10  minutes  late  2  trains — 20  minutes  late 
I  train  • — 14  miiuites  late  2  trains — 21  minutes  late 
I  train  ■ — 16  minutes  late  i  train  — 25  minutes  late 

Load  on  the  Pozvcr  Plant : — 

Total   load,   24   hours 61  100  kw-hr. 

Traction   load,   24   hours 44  670  kw-hr. 

Maximum    traction    swing 4625  kw 

30  sec.   traction   peak 4250  kw 

3  minute   traction   peak 2250  kw 

Total  car-miles 12  547 

Kw-hr.  per  car-mile  at  power  plant 3.55 

Watt-hours  per  ton-mile  at  power  plant 86 


FIG.    2 — P.\SSF,NGF.R    TK.M.N'    P.VSSINH    FXECTRIC    BLOCK    SICM.VLS 

On  the  Chicago,  Lake  Shore  &  South  Bend  Railway. 

July  27th  was  another  excursion  da)'.  In  addition 
to  the  schedule  trains,  the  following  excursion  trains 
were  run  between  Kensington  and  Hudson  Lake,  60 
miles : — 

10  car — 2  trains  (3  motors  and  7  trailers) 

g  car — 2  trains   (3  motors  and  6  trailers) 

8  car — 2  trains   (2  motors  and  6  trailers) 
The  watt-hours  per  ton-mile  averaged  96. 

On  July  28th  the  one  15  car,  one  12  car,  one  10 
car  and  one  7  car  excursion  trains  were  handled  by  lo- 
comotives, in  addition  to  the  schedule  trains.  The  watt- 
hours  per  ton  mile  averaged  109  at  the  power  plant. 

Additional  instances  could  be  given,  as  the  peak 
load  season  covers  about  half  the  year.  The  examples 
cited  are  sufficient,  however,  to  indicate  the  elasticity  of 
the  motive  power.  Undoubtedly  the  passenger  equip- 
ments are  overloaded  at  times,  but  evidently  they  are 
robust,  having  been  in  service  nine  years.  If  they  could 
not  stand  punishment  they  would  have  failed  long  ago. 

LOCOMOTIVE  FREIGHT 

The  successful  handling  of  such  loads  as  occurred 
on  Decoration  Day,  Pageant  Day  and  the  Fourth  of 
July  shows  that  the  road  has  plenty  of  margin  for  lo- 
comotive freight  service.  The  locomotives  weigh  72 
tons  and  are  geared  for  about  half  the  maximum  speed 


THE    ELECTRIC    JOURNAL 


401 


of  the  passenger  cars.  They  have  an  amply  graduated 
acceleration.  Their  presence  on  the  6600  volt  trolley 
has  no  damping  effect  on  the  speed  of  the  passenger 
trains.  They  are  intended  primarily  for  freight  tram 
service  but  are  also  used  in  heavy  excur!?ion  train  ser- 
vice. 

At  present  the  freight  movements  are  made  mamly 
at  night.  One  locomotive  makes  the  South  Bend-Ken- 
sington round  trip,  150  miles,  in  about  14  hours. 
Freight  cars  are  loaded  in  Chicago  up  to  6  P.  M..  leave 


Kensington  about  i  A.  J\I.  and  are  delivered  in  South 
Bend  at  about  8  A.  M.,  a  service  that  the  competing 
steam  roads  seldom  equal. 

Prior  to  the  purchase  of  the  locomotives,  this  rail- 
road made  no  attempt  to  build  up  the  freight  business. 
Out  of  a  total  revenue  of  $549  312  for  the  calendar  year 
of  1916,  the  freight  revenue  was  $4783,  which  is  less 
than  one  percent  of  the  gross.  The  possibilities  are  that 
the  freight  revenue  can  be  worked  up  to  the  point  of 
equaling  the  present  gross  revenue.  The  Chicago,  Lake 
Shore  and  South  Bend  interchanges  traffic  with  the 
Illinois  Central  at  Kensington  and  with  the  Elgin,  Joliet 


and  Eastern  at  (iary.  It  is  arranging  for  an  interchange 
with  the  Indiana  Harbor  Belt  at  East  Chicago,  also  with 
the  Monon  and  the  Lake  Erie  &  Western  at  Michigan 
City  and  the  New  York  Central  at  South  Bend.  These 
six  interchanges  will  make  this  road  an  important  link 
m  the  transportation  systems  in  the  Chic;',go  and 
northern  Indiana  territory. 

At  South  Bend  the  Railway  will  tap  such  mdustries 
as  the  Oliver  Plow  Works,  the  Studebaker  plants  and 
the  Singer  Sewing  Machine  Works.  The  interchanges 
at  Michigan  City  will  tap  the  Haskell  &  Barker  Car 
Works  at  Michigan  Cit>-  and  the  Rumley  Implement 
Plants  at  Laporte.  The  connections  at  Gary  and  East 
Chicago  with  the  belt  lines  and  at  Kensington  with  the 
Illinois  Central  will  put  the  road  in  intimate  contact 
with  the  industries  in  the  Chicago  district. 

The  outlook  for  big  freight  business  is  good.  The 
road  is  preparing  to  handle  the  business.  The  power 
plant  has  plenty  of  margin.  The  trolley  voltage,  6600 
volts,  single-phase,  is  ample.  The  permanent  way  is 
well  built.  The  track  is  protected  with  block  signals. 
The  passing  tracks  and  sidings  are  being  lengthened  and 
the  terminal  facilities  are  being  extended.  Freight 
houses  are  being  built  at  South  Bend,  Michigan  City, 
Gary,  East  Chicago  and  Hammond,  and  others  arc  to 
be  built.  The  freight  revenue  is  now  averaging  ten 
times  what  it  did  last  year  and  it  is  expected  in  due 
course  to  equal  the  present  gross  revenue. 

Many  interurban  managements  have  begun  to  rec- 
ognize the  necessity  of  getting  into  the  freight  business. 
In  the  present  instance  action  is  -being  taken  on  a  big 
scale  and  the  Chicago,  Lake  Shore  and  South  Bend  Rail- 
wav  is  beginning  to  realize  on  its  greater  possibilities. 
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THE  Ogden,  Logan  &  Idaho  Railway  operates  an 
interurban  electric  road  connecting  Ogden,  Utah 
and  Preston,  Idaho,*  on  which,  in  addition  to  the 
usual  interurban  service,  both  express  and  freight  are 
handled.  The  length  of  the  line  is  approximately  95 
miles.  The  passenger  and  express  services  are  main- 
tained with  multiple  unit  motor  cars  and  trailers,  and 
low-speed  electric  locomotives  are  used  to  handle  the 
drag  freight  traffic.  Two  53  ton,  560  horse-power, 
0-4-0  truck  type  locomotives  of  the  type  shown  in  Fig. 
I  were  secured  initially  for  the  freight  service.  The  op- 
eration of  the  road  has  been  so  successful  that  the 
freight  traffic  quickly  exceeded  all  expectations.  This 
has  lead  to  the  purchase  of  three  additional  duplicate 
locomotives.  Each  locomotive  is  equipped  with  four 
field  control  motors,  HLF  control  and  forced  ventila- 
tion. At  full  voltage  the  locomotive  rating  is  approxi- 
mately 14000  lbs.  tractive  eft'ort  at  15  miles  per  hour. 


*See  article  by  W.  R.  Armstrong  in  the  Jourx.\l  for  Oct. 
'15,  p.  435,  for  map  and  general  description  of  this  road. 


0(\  i-.ao  Oi^.l'Oii,  l.O'^-.vrt  .'^'.  J>lnho  Rallvyny 

H.  K.  S.MITH  and  J.  S.  Hagan 

The  profile  of  the  Ogden,  Logan  &  Idaho  Railway 
is  vei-y  irregiilar.  From  Ogden  to  Nerva  the  line  is 
fairly  level.  From  Nerva  to  Dewey  it  is  rolling  with 
short  two  percent  ruling  grades.  From  Dewey  to  Men- 
don  a  mountain  is  crossed  with  a  continuous  grade  of 
approximately  nine  miles  on  the  southern  slope  and  one 
of  six  miles  on  the  northern  slope,  the  ruling  grade 
being  two  percent  on  each  side.  After  crossing  the 
mountain  there  is  a  rolling  section  in  the  Cache  valley 
and  a  three  mile  grade  going  northbound  into  Hyrum. 
From  Hyrum  to  Preston  the  general  profile  is  rolling 
with  a  short  steep  grade  at  Logan  and  nearly  one  mile 
of  two  percent  grade  north  of  Sugarton. 

Except  for  a  distance  of  approximately  two  miles 
in  Ogden,  the  trolley  potential  is  1500  volts  direct-cur- 
rent. In  the  city  of  Ogden,  the  Ogden,  Logan  &  Idaho 
Railway  Company  operates  on  the  tracks  of  the  city  rail- 
way system,  where  the  trolley  potential  is  600  volts. 
The  1500  volt  power  is  furnished  by  motor-generator 
substations  located  at  Hot  Springs,  Dewey  and  Smith- 
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field.    These  substations  are  approximately  9,  36  and  75 
miles  respectively  from  the  Ogden  terminal. 

The  curves  in  Fig.  2  show  the  log  of  a  test  trip 
made  October  31st,  1916,  between  Browning,  Utah, 
(near  Ogden)  and  Whitney,  Idaho.  The  run  from 
Whitney  to  the  Preston  Terminal,  a  distance  of  ap- 
proximately two  miles,  was  made  with  no  trailing  load 
except  a  caboose,  so  no  readings  were  taken.  The  figure 
shows  the  current  for  one  motor,  the  line  voltage,  the 
tonnages  handled  between  the  various  stations  and  the 
ruling  grades.  The  voltage  curve  is  not  continuous  be- 
cause voltage  readings  were  taken  only  when  the  loco- 
motive was  drawing  current  from  the  line. 


KIG.    I — 53-TON   ELECTRIC   LOCOMOTIVE 
On  the  Ogden,  Logan  &  Idaho  Railway. 

The  following  data,  which  are  not  shown  in  detail 
1\v  the  figure,  have  been  deduced  from  tests : — 

The  average  line  voltage  during  the  time  the  loco- 
motive was  drawing  current  from  the  line,  for  the 
various  sections,  was  as  follows : — 

Between    the    Ogden    end    of    the    1500   volt    zone 
and  the  Hot  Springs  substation,  1400  volts. 

Between   Hot   Springs   and   Dewey,    1360  volts. 

Between   Dew'ey  and  Smithfield,   1330  volts. 

Between  Smithfield  and  Whitney,  1315  volts. 
The  square  root  of  the  mean  square  current  per 
motor  for  the  entire  run  from  Ogden  to  Whitney  was 
88  amperes.  For  the  switching  service,  the  r.m.s.  cur- 
rent per  motor  was  approxiinately  65  ainperes  and  for 
the  road  service,  approximately  iii  amperes.  These 
values  for  road  and  switching  service  do  not  include  the 
layover  time.  Approximately  53  percent  of  the  time 
covered  by  tests  was  spent  in  road  movement,  27  per- 
cent of  the  total  time  was  consumed  by  switching  ser- 
vice and  the  reinaining  20  percent  was  standing  time, 
waiting  to  meet  the  trains,  taking  temperatures,  etc. 

As  a  matter  of  possible  interest,  some  approximate 
values  of  train  resistance  for  the  trailing  load  have  been 
derived  as  follows: — 

The  current  input  to  the  locomotive  when  running 
on  definite  grades  with  definite  trailing  loads  was  de- 
termined by  test.  From  shop  test  performance  curves 
of  the  motors  the  tractive  effort  developed  by  the  loco- 
motive for  any  given  current  input  was  found,  so  the 
tractive  effort  required  when  running  with  a  definite 
trailing  load  on  a  definite  grade  was  available.    \\'ith  the 


tractive  eft'ort  known  for  any  given  condition,  the  draw 
bar  pull  was  computed.  The  train  resistance  was  then 
determined  by  substracting  from  the  total  draw  bar  pull 
that  required  to  overcome  the  grade  (20  pounds  per  ton 
per  percent  grade). 

Assuming  a  train  resistance  for  the  locomotive  of 
12  lbs.  per  ton,  the  results  show  a  train  resistance  for 
loaded  cars  varying  between  5.75  and  6.25  lbs.  per  ton, 
and  for  empty  cars,  values  between  10  and  11  lbs.  per 
ton.  The  latter  figures  apply  to  empty  cars  which  were 
much  lighter  than  the  cars  in  which  loads  were  handled, 
and  the  test  data  with  the  empty  cars  was  obtained  just 
after  these  cars  had  been  standing  for  some  time,  thus 
allowing  the  bearings  to  become  cold.  These  values  are 
somewhat  higher  than  results  obtained  by  the  University 
of  Illinois  tests. 

Notations  made  in  Fig.  2  show  the  points  at  which 
the  wheels  slipped.  From  the  motor  performance 
curves  and  the  current  noted  at  any  point  where  the 
wheels  slipped,  the  tractive  effort  developed  by  the  loco- 
motive was  found  and  the  draw-bar-pull  determined. 
From  the  values  of  draw-bar-pull  thus  obtained  and  the 
grade  at  the  points  where  the  wheels  slipped,  the  truck 
tipping  action  and  co-efficient  of  adhesion  for  the  light 
axle  (axle  carrying  wheels  exerting  least  pressure  on 
rails)  were  calculated  for  the  various  points.  These 
calculations  show  that  the  coefficient  of  adhesion  for 
the  light  axle,  varied  from  approximately  20  to  28.5 
percent.  The  lower  figure  was  obtained  without  the  use 
of  sand.  In  one  instance,  the  wheels  slipped  with  a  co- 
efficient of  adhesion  of  22  percent  on  the  light  axle  when 
sand  was  being  used.  This  occurred  on  a  siding  where 
the  rail  weight  was  40  lbs.  For  all  other  values  the  rail 
weight  was  70  lbs. 

The  maximum  current  observed  per  motor  was  280 
amperes.  This  corresponds  to  a  coefficient  of  adhesion 
of  approximately  33  percent  on  the  light  axle,  and  this 
value  was  obtained  without  wheel  slippage.  Other  cur- 
rent values  show  that  a  coefficient  of  adhesion  of  ap- 
proximately 30  percent  on  the  light  axle  was  consistently 
developed  with  sanded  rail. 

The  distance  between  Dewey  and  Smithfield  sub- 
stations and  the  stub  end  feed  beyond  Smithfield  are 
somewhat  greater  than  ordinarily  found  on  interurban 
roads  operating  at  1500  volts.  However,  the  average 
line  drop  was  not  excessive.  This  illustrates  the  fact 
that  a  surprisingly  large  amount  of  freight  can  be 
handled  on  existing  interurban  roads  without  increasing 
the  substation  and  feeder  capacity,  provided  slow  speed 
locomotives  are  used. 

It  is  interesting  to  note  that  most  of  the  switching 
was  performed  without  exceeding  the  rating  of  the  lo- 
comotive even  momentarily,  and  that  the  net  heating  in 
switching  was  very  much  less  than  in  road  service.  The 
maximum  demand  njade  on  the  substations  by  the  test 
locomotive  was  840  kw,  when  developing  29000  lbs. 
tractive  effort,  or  double  the  rated  load.  The  low  peak 
loads  and  efficient  switching  are  due  to  the  use  of  slow 
speed  motors  and  field  control. 


m^p^)<m 


G.  W.  SiiAvrcu 

ctrical   Engineer  &  Superintendent  of   Rolling  Stock 

Ogden,  Logan  &  Idaho  Railway  Company 


RELIABILITY  OF  SER\'ICE  and  economi- 
cal maintenance  depend  entirel)'  upon  the  inspec- 
tion system.  The  Ogden,  Logan  &  Idaho  Rail- 
way operates  an  interurban  line  between  Ogden,  Utah 
and  Preston,  Idaho,  a  distance  of  95  miles,  together  with 


I — Terminal  register. 
2 — Daily  car  barn  report. 
3 — Car   inspection    report. 
4 — Mileage   report. 

The  terminal  register,  Fig.  1,  is  located  in  each  of 

the  barns;  also  at  terminals.  When  a  train  arrives  at  a 


CAR  BARN   REGISTER 


a  branch  line  between  Ogden,  and  j)lain  City,  L^tah,  14.5 
miles;  between  Ogden  and  Huntsville,  Utah,  14  miles; 
between  Sugarton  and  Alta,  Utah,  12  miles.  It  also  oper- 
ates a  city  system  in  the  towns  of  Ogden,  Brigham  and 
Logan,  Utah.  The  inain  car  barns  and  repair  shops  are 
located  at  Ogden  with  inspection  barns  located  at 
Ogden,  Brigham,  Logan  and  Preston.  The  inspection 
barns  at  Brigham  and  Logan  are  for  the  city  cars  only. 
The  inspection  barn  at  Preston  takes  care  of  both  the 


terminal  or  is  taken  off  a  run,  it  is  the  motorman's  duty 
to  mark  on  the  register  the  defects  which  he  has  noted 
on  this  car  or  cars. 

The  daily  car  barn  report.  Fig.  3,  is  located  in  each 
of  the  barns,  and  is  filled  in  by  the  car  inspector.  This 
report  covers  the  defective  cars  in  the  barn,  the  nature 
of  their  defects  and  the  disposition  being  made;  also 
gives  a  report  of  any  car  that  is  pulled  in ;  the  trouble 
reported  by  the  crew;  the  trotil)le  that  lias  been  found 


OGDEN, 

LOGAN  &  IDAHO  RAILWAY  COMPANY 
Car  iNisPECTioN  Report 
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city  and  interurban  cars. 

Inasmuch  as  some  of  the  cars  are  inspected  at  vari- 
ous points,  it  was  found  necessary  to  devise  an  inspec- 
tion system  which  would  not  be  cumbersome  and  at 
the  same  time  insure  against  any  cars  being  overlooked 
or  unnecessary  inspections  made.  It  was  also  the  desire 
to  lay  out  a  scheme  whereby  the  cars,  when  put  out  for 
service,  could  be  relied  upon  to  operate  without  failure 
for  a  definite  period,  eliminating  the  possibility  of  any 
cars  being  overlooked,  causing  a  delay  on  the  line  due 
to  a  failure  of  some  part  of  the  apparatus  that  had  not 
been  given  proper  attention. 

A  system  of  records  was  finally  adopted  which  con- 
sisted essentially  of  the  following: — 


and  disposition;  also  a  report  of  damaged  and  missing 
equipment  found  on  cars  that  are  in  the  barn  off  of 
runs ;  also  a  report  of  any  wreck  or  derailment. 

The  car  inspection  report.  Fig.  2,  lists  the  difl:'erent 
parts  of  a  car  and  after  each  part  is  inspected,  repaired 
;'nd  put  in  first  class  condition,  the  man  responsible 
places  his  initial  on  the  report  opposite  the  car  number 
and  under  the  proper  heading,  thus  giving  the  car  bam 
foreman  an  opportunity  to  place  the  responsibility 
should  anv  part  of  the  apparatus  fail  while  on  the  road. 
This  report  also  takes  care  of  any  special  car  assign- 
ments which  the  car  barn  foreman  wishes  to  make  dur- 
ing the  day;  also  a  report  for  cars  to  be  held  in. 
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The  mileage  report,  Fig.  4,  is  made  up  daily  from 
reports  received  from  the  dispatcher's  office,  showing 
the  mileage  of  each  individual  car.  This  information  is 
kept  so  that  the  mileage  of  every  car  can  be  referred  to 
daily;  also  the  total  mileage  made  during  any  one 
month.  From  this  record  a  report  is  made  each  morn- 
ing and  forwarded  to  the  car  barn  foreman,  showing  the 


OGDEN,    LOGAN   a    IDAHO    RAILWAY  CO. 


numbers  of  cars  that  should  come  in  for  inspection  or 
oiling.  AVhen  the  car  barn  inspection  report  is  turned 
into  the  oftice,  the  cars  that  have  been  inspected  or  oiled 
are  marked  on  the  mileage  report  by  placing  an  X  op- 
posite the  miles  and  under  the  proper  car  number  when 
inspected,  an  0  for  oiled  axles  and  armature  bearings 
and  an  O  for  dynamotors  and  journals. 

When  an  interurban  equipment  has  made  two 
thousand  miles,  it  is  brought  into  the  Ogden  barns  for 
electrical  inspection  and  complete  oiling.  The  armature 
and  axle  bearings  are  oiled  every  thousand  miles.  This 
oiling  will  be  taken  care  of  at  whichever  barn  the  equip- 
ment may  be  upon  completion  of  the  required  mileage, 
but  the  journal  bearings  and  compressors  are  oiled 
every  two  thousand  miles  at  the  Ogden  car  barns  at 
time  of  electrical  inspection.  All  trains  arriving  at  Pres- 
ton are  given  a  terminal  inspection,  which  consists  only 
of  inspecting  the  trolley  wheels,  brake  shoes,  brake  rig- 
ging and  wheels.  This  inspection  is  also  noted  on  the 
car  inspection  report  and  forwarded  to  the  office  of  the 
superintendent  of  rolling  stock  daily,  which  give  a  com- 
prehensive picture  of  the  barn  activities,  detailing  the 
cars  inspected,  cars  out  of  commission  and  cause.  Cars 
pulled  in  during  the  day  automatically  show  up  the  fol- 
lowmg  day  if  the  trouble  proves  serious,  under  the  head 
of  "Defective  Cars  In  Barn"  on  the  car  barn  report. 
These  reports  also  give  an  accurate  idea  of  the  main- 
tenance work  on  hand  at  the  different  points  and  how 
the  repairs  are  progressing. 

At  the  Ogden  barns,  three  men  are  assigned  to  the 
inspection  of  the  interurban  equipment  and  it  takes  be- 
tween three  and  four  hours  to  make  a  comiilete  inspec- 


tion and  repair  such    minor   defects   as  may    be  found. 

The  inspectors  are  assigned  as  follows : — 

Controller  Inspector — Inspection  of  all  controller 
apiiaralus,  including  opening  up  all  equipment,  blowing 
out  dust,  wiping  off  insulators,  changing  and  cleaning 
arc  shields,  renewing  contacts,  arcing  horns,  cleaning 
.-nd  changing  interlock  fingers  and  contactors  when  nec- 
essary, etc.  He  also  inspects  train  line,  bus  line  recep- 
tacles, all   junction  boxes,   also  cleans,    inspects  and  re- 

)airs  controllers. 

Motor  Inspector — Inspecting,  cleaning  and  make 
such  minor  repairs  as  can  be  done  to  dynamotors  and 
motors,  including  a  check  at  least  every  4000  miles  on 
armature  clearance  by  using  a  guage  between  the  arm- 
ature and  pole  pieces ;  inspects  the  gears,  pinions  and 
gear  cases,  checks  up  the  axle  bearings  and,  when  found 
to  have  ni  inch  play,  changes  them.  This  inspector  also 
takes  care  of  all   heaters,   dynamotors,   headlights   and 

ight  switches  and  sees  that  all  train  supplies  are  on  the 
car. 

Tlic  Car  Barn  Foreman  makes  a  personal  check  of 
each  car  and  if  any  necessary  repairs  are  needed  on  the 
car  body,  seats,  doors,  windows,  replacement  of  glass, 
inside  finishing,  etc.,  he  calls  a  coach  carpenter  in  to 
make  the  necessary  repairs.  There  is  one  man  assigned 
to  do  all  of  the  oiling  on  all  cars,  in  this  barn  and  he 
takes  care  of  the  oiling  while  the  car  is  being  inspected. 
When  the  inspection  of  the  car  is  completed,  it  goes 
out  in  service  and  is  expected  to  stay  there  for  at  least 
two  thousand  miles  without  a  failure,  under  ordinary 
conditions.  The  inspection  of  the  city  cars  is  handled 
practically  the  same  way  as  the  interurban,  with  the  ex- 
ception of  having  only  two  inspectors  instead  of  three 
to  take  care  of  them  at  the  Ogden  barns.  As  these  cars 
all  come  into  the  barn  each  night,  the  night  inspector 
gives  them  a  light  inspection,  replacing  brake  shoes, 
trolley  wheels  and  lamp  globes  when  necessary. 

At  the  Preston  car  barn,  one  car  inspector  is  em- 
ployed, who  also  acts  as  foreman  and  one  helper,  work- 
ing between  the  hours  of  7  :oo  A.  M.  and  6  :oo  P.  M. 
These  men  also  make  up  the  trains,  having  them  ready 
for  the  trainmen  to  leave  at  the  depot.  This  system  of 
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inspection  has  eliminated  the  old  time  custom  of  heavv 
inspection,  which  was  made  every  seven  or  eight 
thousand  miles,  tying  the  car  up  for  possibly  a  week  to 
do  the  work.  It  is  the  intention  to  keep  the  cars  iji  first 
class  condition  all  the  time,  making  all  necessary  repairs 
and  changing  worn  out  part  at  each  inspection. 


tho 


i  lij 


'w  ^!)lU-Flm^o 


>OcX)ilVOClV0    Oi   XllO 


?/loclianjcal  jj^qitlpi  i \« n  i: 


G.  M.  Eaton 


THE  HUGE  electric  locomotive  which  has  recently 
been  built  by  the  Pennsylvania  Railroad  marks  an  ad- 
ditional step  in  a  scheme  of  standardization  of  electrical 
ecjuipment  which  will  be 
suitable  for  operation  on 
their  whole  system.  In  gen- 
eral this  locomotive,  which 
is  much  more  powerful 
than  any  other  locomotive 
ever  built,  is  similar  to 
those  in  use  by  the  Norfolk^ 
&  Western  Railroad  on^ 
their  Elkhorn  Grade  elec-y 
trification,  in  that  its  power 
is  supplied  by  three-phase 
induction  m  o  t  o  r  s,  fed 
through  a  transformer  and 
G.  M.  EATON  a    phase    converter    from 

an  1 1  ooo  volt,  single-phase  contact  wire.  Many  of  the 
important  details  are,  however,  distinct  departures  from 
previous  designs. 

SERVICE   CAPACITY 

In  designing  a  locomotive  for  general  service  it  was 
naturally  laid  out  to  give  satisfactory  operation  over  the 
heaviest  £;rades  on  the  svstem.     These  occur  between 


haul  a  3900  ton  train  up  the  12  mile  grade  of  two  per- 
cent, or  a  6300  ton  train  up  the  25  mile,  one  percent 
grade,  at  20.6  miles  per  hour.  The  continuous  capacity 
of  each  locomotive  at  a  speed  of  20.85  nii'es  per  hour 
enables  a  trailing  load  of  2300  tons  to  be  hauled  up  a 

lone  percent  grade;  4100  tons  up  a  0.5  grade  or  11  000 

I  tons  on  level  tangent  track. 

While  the  nominal  one-hour  rating  is  4800  hp,  or 
approximately  87  000  pounds  tractive  effort  at  a  speed 

^of  20.8  miles  per  hour,  the  locomotive  is  capable  of  ex- 
erting a  starting  tractive  effort  of  130000  pounds,  or 

/equivalent  to  7000  hp.  For  starting  and  "slow  order" 
running,  cascade  connections  of  the  motors  are  pro- 
vided.    When  regenerating  at  continuous  capacity,  the 

llocomotive  is  capable  of  returning  to  the  trolley  system 
4400  hp.  at  21  miles  per  hour.  The  speed  qhosen  is 
corTsidered  to  be  about  the  maximum  desirable  for  the 
operation  contemplated,  being  governed  by  the  size  of 
trains,  as  well  as  characteristics  of  profile  and  alignment. 
Several  fundamentals  of  proven  economy  in  steam 
locomotive  development  for  the  heaviest  trunk-line  ser- 
vice, played  a  leading  part  in  the  determination  of  the 
design : — 

l_The  locomotive  must  be  of  the  maximum  possible 
capacity,  within  the  fundamental  limitations  imposed 
by  track  structure  and  clearances. 


-NEW    ELECTRIC    FREIGHT    LOCOMOTIVE   OF   THE    PENXSVIA- 

Pulling  a  train  near  Philadelphia. 


Altoona  and  Johnstown,  Pa.  and  include  24  miles  of  one 
percent  grade  west  of  the  summit  at  Gallitzin  and  12 
"Tniles  pf  two  percent  grade  on  the  eastern  slope.  It  is 
estimated  that  two  of  these  engines,  one  pushing  and  one 
pulling  will,  when  this  division  is  electrified,  be  able  to 


2— The  component  parts  of  the  locomotive  must  be  able 
to  produce  this  maximum  capacity,  must  be  of  rugged 
construction,  and  must  be  adapted  to  an  economical 
stowing  in  the  locomotive. 

3_As  much  of  the  weight  as  possible  must  be  spring- 
supported. 

4_The  center  of  gravity  must  be  high. 
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The  mechanical  parts  of  this  locomotive  were  de- 
signed and  built  by  the  Pennsylvania  Railroad  Company. 
The  general  type  was  evolved  during  a  long  period  of 
analytical  study  of  the  fundamental  service  require- 
ments, the  Pennsylvania  Railroad  and  the  Westinghouse 
Electric  &  Mfg.  Company  working  together  on  the  prob- 
lem. This  resulted  in  the  production  of  a  harmonious 
unit,  embodying  the  results  of  the  best  existing  experi- 
ence along  both  mechanical  and  electrical  lines. 

SINGLE  CAB  DESIGN 

This  engine  is  a  radical  departure  from  the  com- 
mon design  of  large  electric  locomotives,  having  a  single 
cab,  with   an  overall   length   of  only   76.5    ft.,   a   total 


FIG.    2 FRONT    AND    HE.\K    DRIVING    TRUCKS 

Showing  motors   and  jack-shaft  with   spring  gears. 

weight  of  250  tons,  thereby  securing  a  remarkably  high 
weight  efficiency  with  great  horse-power.  The  cab,  is 
mounted  on  two  pivoted  trucks  which  are  articulated 
together  in  a  unique  manner,  as  shown  in  Figs,  i  and  2. 
The  cab  weight  is  divided  between  the  truck  center 
plates  and  spring-cushioned  friction  plates  which  work 
in  series  with  the  nmin  semi-elliptic  springs.  The 
spring-cushioned  friction  plates  are  located  midway  be- 
tween the  second  and  the  third  driving  axles.  The 
cushioning  springs  are  so  located  and  proportioned  that 
the  desired  weight  distribution  at  the  rail  is  secured. 
Each  truck  has  three  pairs  of  72  inch,  rod-con- 
nected driving  wheels  grouped  on  a  13  ft.  4  in.  rigid 
wheel  base.  Outside  the  rigid  wheel  base  is  the  jack- 
shaft,  carrying  on  each  end  a  gear  center,  rod-connected 
to  the  adjacent  driving  wheel.  The  main  body  of  the 
jackshaft  is  11%  in.  in  diameter,  with  a  long  taper  on 
each  end  to  receive  the  gear  center.  An  axial  hole  3 
inches  in  diameter  pierces  the  jackshaft  from  end  to 
end.  The  jackshaft  is  driven  by  two  motors,  each  of 
which  has  a  pinion  mounted  on  each  end  of  the  annature 
shaft.  The  active  iron  of  the  stators  of  the  two  motors 
is  mounted  in  a  unit  motor  frame  and  locomotive  cross- 
tie  casting;  this  casting  also  entirely  surrounds  the  jack- 
shaft. 

'  The  armature  bearing  housing-fit  in  the  side  frame 
departs  from  a  rectangular  shape  in  that  the  sides  are 
slightly  tapered.  The  housing  is  forced  into  the  corre- 
sponding jaw  in  the  side  frame,  under  pressure  sufficient 
to  produce  local  stresses  in  excess  of  anything  that  will 
be  imposed  in  service,  and  it  is  bolted  in  place,  both 
horizontally  and  vertically.     The  bearings  determining 


the  gear  center  distance  are,  therefore,  located  as  se- 
curely as  if  they  were  in  a  single  integral  casting. 

BEARINGS 

The  method  of  securing  a  rigidly  maintained  gear 
center  distance  is  illustrated  in  Fig.  3.  The  jackshaft 
bearing  brass  consists  of  a  solid  bronze  bushing,  pressed 
into  an  eye  in  the  side  frame.  The  renewal  of  this  brass 
involves  the  reinoval  of  main  gear  from  the  jack-shaft 
The  ruling  idea  in  this  design  is  that  a  bearing  which 
will  run  a  maximum  mileage  between  overhaulings,  and 
then  involves  a  back-shop  operation,  is  preferable  to  a 
more  easily  handled  but  shorter  lived  bearing. 

The  armature  bearing  is  arranged  with  oil  ring  lub- 
rication. The  jackshaft  is  fitted  with  oil  and  waste  lub- 
rication ;  there  being  a  large  waste  cavity  in  the  side 
frame  casting,  and  located  directly  over  the  journal. 

The  gear  center  is  of  cast  steel  and  is  built  with  a 
long  hub  which  extends  into  and  for  the  entire  length 
of  the  bearing  brass.  This  hub  forms  the  running  sur- 
face of  the  journal.  The  bore  of  the  gear  is  tapered 
clear  through  to  the  inner  end  of  the  hub  and  fits  the 
taper  of  the  jackshaft.  A  heavy  key  is  provided  in  the 
taper  fit  to  insure  proper  quarter  of  the  crank  pins. 

The  gear  center  is  pulled  home  to  position  on  the 
shaft  by  a  heavy  nut  located  in  the  counter-bore  in  the 
outer  face  of  the  gear  center.  The  crank  pin,  8.25 
inches  in  diameter  with  30  inches  throw,  is  pressed  into 
position  in  the  gear  center.  Opposite  the  crank  pin  in 
the  gear  center  is  a  lead-filled  counter  balance  with 
proper  angular  offset  to  compensate  for  transverse  un- 
balance. This  secures  complete  counter-balance  at  all 
operating  speeds. 

FLEXIBLE    GEAR 

The  ifexible  gear  (Fig.  3)  is  the  type  developed  by 
the  Westinghouse  Company  for  railroad  service.  While 


FIG.    3 J.\CK    SII.\FT    WITH    ITS    SPRING   GF.AR 

Meshing  with  the  pinions  of  both  motors. 

it  has  been  quite  widely  applied  previously,  this  is  the 
first  commercial  application  in  connection  with  rod 
drive,  and  no  other  railroad  application  approaches  it  in 
the  amount  of  power  transmitted.    The  gear  face  is  10 
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inches  wide.  This  is  a  radical  departure  from  previous 
railroad  practice  with  overhung  gearing,  made  practi- 
cable by  dividing  the  gear  rim  at  its  midwidth  into  two 
rings,  and  providing  independent  flexibility  for  each 
ring  relative  to  the  gear  center.  An  integral  pinion 
meshes  with  both  rims;  the  independent  flexibility  in- 
suring approximate  division  of  maximum  loads.  The 
teeth   have    1.75    diametral    jiitch    and   are   ten    degree 


I-IC.    4— LOCO  .MOT  IV  !■;   TRUCKS 

With  motors  in  position. 

helical,  right  and  left,  producing  the  effect  of  a  herring- 
bone gear  with  the  motor  between  the  slopes  of  the  \". 

LE.\DING   TRUCK 

Ahead  of  the  jackshaft  in  the  truck  is  a  two- 
wheeled  swing  bolster  leading  truck.  This  leading  truck 
bolster  is  arranged  with  a  combination  of  swing  links 
and  cam  rollers  to  accommodate  the  large  swing  re- 
quired by  the  combination  of  rigid  wheel  base,  together 
with  the  advance  of  the  leading  truck  ahead  of  the  rigid 
wheel  base. 

EQUALIZATION 

Each  truck  has  a  three-point  equalization.  The 
three  drive  wheels  on  each  side  are  equalized  together, 
the  leading  idle  axle  forming  the  third  point.  On  top 
of  each  main  journal  box  rests  a  pair  of  Dolphin  bars, 
link-connected  to  semi-elliptic  springs  which  are  lo- 
cated in  windows  in  the  side  frames.  This  system  ter- 
minates at  each  end  of  the  rigid  wheel  base  in  a  link- 
connected  helical  spring,  giving  additional  flexibility. 

ARTICULATION 

The  bumper  girder  on  the  inner  end  of  each  truck 
Is  a  portion  of  a  circular  ring  with  the  truck  center 
plate  as  its  axis,  and  with  a  rectangular  cross-section. 
The  bumper  girders  of  the  two  trucks  are  in  contact 
with  each  other.  These  abvitting  bumper  girders  are 
surrounded  by  a  massive  link  which  extends  down  from, 
and  forms  a  rigid  part  of,  the  cab  structure.  Proper 
clearances  are  provided  to  permit  relative  movement 
of  cab  and  trucks,  except  relative  longitudinal  displace- 
ment. The  wearing  surfaces  are  faced  with  manganese 
steel  shoes.    This  forms  a  very  able  articulation,  locat- 


ing the  bumping  stresses,  due  to  cab  weight,  on  mem- 
bers which  are  inherently  adapted  to  sustain  such 
stresses  with  ample  margin  of  safety. 

DRAFT  GEAR  AND  COUPLER 

The  heaviest  type  MCB  coupler  is  yoked  to  twin 
draft  gears  of  the  Westinghouse  type,  which  are  the 
standard  of  the  Pennsylvania  Railroad. 

CAB 

The  cab,  is  considerably  longer  than  any  locomotive 
cab  previously  constructed.  Its  general  plan,  with  a 
passage  for  the  full  length  oti  each  side  and  with  cen- 
trally located  attxiliary  apparatus,  is  the  type  originated 
ten  years  ago  by  the  \\  estinghouse  Company,  and  which 
is  now  the  recognized  standard  for  electric  locomotives. 
The  main  foundation  structure  consists  of  two  girders 
26  in.  deep,  spaced  five  feet  apart,  and  forming  with  a 
cover  plate,  a  box  girder  e.xtending  throughout  the 
length  of  the  cab. 

The  electrical  machinery  is  mounted  directly  on  top 
of  this  box  girder,  which  also  carries  the  cab  sides  and 
roof  through  transverse  bolsters  and  cros.s-bearers.  The 
cab  structure  is  relieved  of  all  strains  due  to  end  shock, 
except  those  resulting  from  its  own  inertia ;  the  train 
shocks  being  transmitted  through  the  draft  gear  and 
the  main  truck  framing. 

The  ends  overhanging  beyond  the  center  jjins  are  of 
cantilever  construction.  At  the  mid-length  of  the  cab 
is  a  built-in  well  for  the  accommodation  of  the  liiiuid 
rheostat. 


FIG.    5 ST.VTOR  OF   M.MX    MOTOR 

These  motors  are  of  the  three-phase,  25  cycle,  six-pole 
tvpc  with  wound  secondaries.  The  stator  is  bolted  in  place 
in  a  semi-cvlindrical  motor  frame,  which  also  lorms  the  loco- 
motive cross-tie  casting,  a  construction  which  affords  a  con- 
siderable saving  in  weight,  and  allows  easy  access- for  over- 
hauling The  collector  rings  are  fitted  on  the  shaft  outside 
the  pinion,  being  connected  to  the  windings  by  cables  through 
the  hollow  shaft.  This  arrangement  provides  maximum  space 
for  the  motor  core,  and  the  brushes  are  readily  accessible  for 
inspection  and  repairs. 

The  motors  arc  designed  for  a  liberal  quantity  of  cooling 
air,  with  longitudinal  ventilation.  Both  the  stator  and  rotor 
windings  are  insulated  with  mica  tape  for  high  temperature 
service. 
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In  planning  the  location  of  the  ai>i)aratus  in  the 
cab  to  secure  a  compact  arrangement  as  well  as  the 
greatest  possible  convenience  for  inspection  and  repairs, 
tlie  following  points  were  considered : — 

I — Even  distribution  of  weight  about  both  the  longi- 
tudinal and  transverse  center  line  of  the  cab. 

2 — Grouping  of  apparatus  in  a  compact  manner  so  that 
the  locomotive  would  have  a  minimum  length. 

3 — The  location  of  the  heavier  pieces  near  the  center  of 
gravit}'  of  the  cab  so  as  to  reduce  the  dumbbell  efTect, 
both  in  nosing  and  in  rolling. 

4 — The  provision  of  space  for  air  conduit 
adequate  air  for  the  transformer,  phase 
and  main  motors. 

5 — The  provision  of  space  for  convenient  removal  of  any 
piece  of  apparatus  without  requiring  other  equipment 
to  be  moved. 

6 — The  provision  of  space  for  convenient  and  adequate 
inspection  of  all  equipment. 

7 — The  grouping  of  apparatus  so  as  to  require  the  mini- 
mum length  of  wiring  between  apparaiu?. 

8 — The  location  of  all  high-voltage  main  circuit  and 
rotating  apparatus  in  a  central  compartment,  and  all 
equipment  necessary  lor  the  control  of  the  locomotive 
in  the  operator's  compartment  at  each  end. 

g — The  provision  of  an  unobstructed  passage-way  down 
both  sides  of  the  locomotive,  thus  permitting  easy 
passage  from  one  end  to  the  other,  and  also  access 
to  both  sides  of  all  apparatus. 


10 — The  location  of  the  pantagraphs  so  as  to  provide 
necessary  space  for  the  installation  of  the  11  000  volt 
trolleys,  and  to  keep  within  the  clearance  limitations, 
and  at  the  same  time  to  locate  the  pantagraph  approxi- 
mately over  the  truck  center  pin  so  that  side  displace- 
ment of  the  pantagraph  on  curves  will  be  a  minimum. 

II — The  combination  of  all  the  liquid  rheostats  within  a 
single  tank  so  that  the  electrolyte  in  all  the  rheostats 
will  have  the  same  density  and  temperature. 

TABLE    I— PRINCIPAL    CHARACTERISTICS    OF    THE 
LOCOMOTIVE 


Railroad  classification 


FFi 


supply 
iverter, 


6% 


Overall  length 76  ft. 

Total  wheelbase 63  f t.  1 1       in. 

Driving  wheelbase ■ 38  ft.    8      in. 

Rigid  wheelbase 13  ft.    4       in. 

Height  from  rail  to  locked  position  of  panto- 
graph    15  ft.    6      in. 

Height  from  rail  to  top  of  cab 14  ft.    8      in. 

Width   over   cab    body 10  ft.    O       in. 

Overall  width 10  ft.    I       in. 

Diameter   of   driving  wheels 72  in. 

Diameter    of    pony    wheels 36  in. 

Weight  on  drivers ig8  tons 

Number   of   driving   axles 6 

Weight  on   each  pony  truck 21  tons 

Total  weight  of   locomotive 250  tons 

V'oltage   of    locomotive    11  000 

Tractive  efifort  at  hourly  rating  of  motors 872001b. 

Starting  tractive   effort    130  000  lb. 

Speed 20.6  m.p.h. 

Capacity   of   locomotive— one-hour    rating .tSooh.p. 
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SPLIT-PHASE  locomotives  utilize  single-phase 
energ}'  from  an  overhead  trolley  which  is  trans- 
formed into  three-phase  energy  through  the 
medium  of  a  rotating  type  of  phase  converter  to  supply 
power  to  three-phase  induction  tnotors.  A  typical  ex- 
ample of  this  type  of  locomotive  is  that  re- 
cently built  by  the  Pennsylvania  Railroad.  In 
this  locomotive,  single-phase  current  at  11  000 
volts  is  collected  by  a  pantograph  trolley,  first 

p  a  s  s  i  n  g 


which  is  really  a  motor-generator  producing  a  supply  of 
power  with  a  voltage  displacement  of  90  degrees  from 
the  transformer  secondary  voltage.  This  two-phase 
source  of  supply  is  then  transformed  into  three-phase 
energy  by  means  of  the  two-phase,  three-phase  Scott 
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FIG.    I— OIL    CIRCUIT    BRE..\KER 


through  a  n 
oil  circuit 
breaker.  Fig. 
I,  to  the 
primary  of  a 
transformer, 
from    which 

connection 
is  made  to 
the  locomo- 
tive frame. 
T  h  e  return 
circuit  is 

completed 
through  the 
rails    to    the 
station. 


.M.\I.\    CHiCUIT    CONNECTION'S 


sub- 


The   secondary    o  f 
the  transformer  supplies  power  to  the  phase  converter. 


connection.    Fig.  2  shows  the  main  circuit  connections. 

A  small   single-phase  motor,  which   is  mounted  on 

the  same  shaft,  is  used  to  bring  the  phase  converter  up 

to  synchronous  speed.  It  is  then  automatic-ilh'  cut  out 
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and  used  as  a  direct-current  generator  to  excite  a 
winding  on  the  rotor  of  the  phase  converter,  in  order  to 
obtain  unity  power- factor.  This  change  is  made  by 
means  of  the  two-position  starting  and  running  change- 
over switch,  shown  in  Fig.  3.  A  source  of  direct-current 
supply  for  energizing  the  field  of  this  starting  motor, 
when  it  is  operating  as  a  direct-current  generator,  is  ob- 
tained from  a  small  motor-generator  set,  the  motor  of 
which  is  a  three-phase  induction  type  machine.  Power 
to  operate  the  control  circuits  and  marker  lights  is  ob- 
tained also  from  this  set. 

A  series  of  taps  is  used  on 
the  main  transformer, 
partly  to  regulate  the  drop 
in  the  secondary  voltage  of 
the  phase  converter  due  to 
its  impedance  when  operat- 
ing under  heavy  load  and 
rise  in  voltage  when  regener- 
ating, also  to  correct  distor- 
tion of  the  phase  of  the 
secondary  voltage  under 
varying  loads.  Electropneu- 
matically  operated  unit 
switches,  are  used  to  change 
the  various  taps  on  the 
transformers  and  on  the  pre- 
ventive coils,  which  enable 
-^  ^  the  change  to  be  made  from 

FIG.  3— CHANGE-ONER  SWITCH  quc  tap  to  anothcr  while 
pulling  a  load  without  disconnecting  the  phase  converter 
from  the  secondary  of  the  transformer,  or  short-circuit- 
ing the  transformer  coils. 

Three-phase  power  is  supplied  to  each  of  the  four 
motors  through  a  set  of  five  electropneumatically  oper- 
ated unit  switches.  Fig.  4.  These  motor  primary 
switches   are   also  used   as  reversing  switches.  One  of 


FIG.   4 — ELECTROPNEUM.\TIC    UNrr-SWlTCH    (;R0LI|> 

the  switches  is  used  commonly  for  both  forward  and  re- 
verse operation ;  and  the  other  four  switches  are  used  in 
pairs  to  interchange  the  connections  of  two  of  the  phases 
in  order  to  produce  forward  or  reverse  rotation  of  the 
motors.  The  motors  are  arranged  for  two  speed  combi- 
nations, corresponding  to  approximately  10  and  20  miles 
per  hour.  Each  pair  is  connected  in  cascade  on  the  low 
speed,  the  secondary  of  one  motor  being  connected  to 
the  primary  of  the  other,  while  the  secondary'  of  the  lat- 


ter is  connected  to  an  adjustable  liquid  rheostat  for 
speed  regulating  purposes.  The  motor  primaries  are  con- 
nected to  the  three-phase  supply  in  parallel  on  the  high 
speed,  each  secondary  being  connected  to  a  regulating 
liquid  rheostat.  The  control  is  arranged  so  that  the 
change  from  one  speed  to  another  is  made  without  los- 
ing more  than  half  of  the  accelerating  or  regenerating 
torque,  this  result  being  accomplished  by  effecting  an  . 
alternate  transition  of  the  pairs  of  motors. 

The  four  liquid  rheostats  required  to  govern  the 
driving  motors  are  located  in  two  separate  tanks,  the 
casings  of  which  are  built  as  a  part  of  the  locomotive 
frame.  Fricli  tank  contains  two  sets  of  electrodes.  Fig. 
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FIG.    5 — TWO   VIEWS   OK  THE   ELECTRODES  OF   THE   LIUllI)    RHEOSTATS 

5.  Centrifugal  pumps  circulate  liquid  continuously 
through  each  of  the  tanks.  The  level  of  the  liquid  in 
each  tank  can  be  varied  independently  by  means  of 
tubular  overflow  valves,  which  are  controlled  by  differ- 
ential air  engines  of  the  PK  type.  Figs.  6  and  7. 

The  maximum  voltage  across  the  electrodes  of 
these  rheostats  varies  from  850  to  1000  volts,  whereby  a 
heavy  accelerating  current  is  obtained  with  a  great  econ- 
omv  in    space  and    weight.  Tliis  is    the  bipliesr    voltage 


FIG.    6 — D1FFERENTI.\L    PK   .MR   ENGINES 

Controlling  the  tiibnlar  overflow  valves  of  the  hqnid  rheostats. 

that  has  ever  been  apjilied  to  a  rheostat  of  this  type, 
which  is  made  possible  by  the  use  of  staggered  insula- 
ting barriers  located  in  the  bottoins  of  the  tanks,  which 
increase  the  resistance  between  adjacent  electrodes  by 
causing  the  current  to  follow  tortuous  paths  in  passing 
through  the  electrolyte. 
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The  liquid  rheostats  are  located  in  the  center  of 
the  locomotive,  one  pair  on  each  side  of  a  cooling  tower 
compartment  containing  two  cooling  towers,  Fig.  8.  A 
small  percentage  of  the  liquid  is  by-passed  to  the  top  of 


framework.  This  arrangement  is  very  compact  and  in- 
sures the  same  liquid  density  and  temperature  for  all 
rheostats.  In  operation,  it  has  been  found  that  the  re- 
sistance of  the  electrol\-te  increases  rapidly  when  above 


FIG.    7 — FRONT    AND    SIDE    ELEVATIONS    OF    THE    LIQUID    RHEOSTATS 


the  cooling  towers  and  flows  over  the  surface  of  the 
cooling  tower  trays  back  into  the  main  tank.  At  the 
same  time,  air  is  blown  over  the  trays  in  a  direction  op- 
posite to  that  of  the  flow  of  the  liquid.  In  this  way  the 
body  of  the  electrolyte  in  .  the  main  supply  tank  is  suffi- 
ciently cooled  by  the  expenditure  of  a  relatively  small 
amount  of  pumping  energy  and  by  the  sacrifice  of  a 
small  amount  of  electrolyte  lost  by  evaporation.  A  com- 


FIG.    8 — COOLING   TOWER 

mon  main  supply  tank  for  all  the  rheostats  is  located  un- 
der the  electrode-containing  and  cooling-tower  com- 
partments,   being  built    in  as  a    part  of    the  locomotive 


ninety  degrees  C,  which  gives  protection  to  the  locomo- . 
tive  against  abuse  when  starting  a  heavy  train. 

The  circulating  pumps  draw  the  liquid  from  the 
main  tank  and  force  it  into  the  electrode  compartments 
through  flow  equalizers,  which  prevent  any  splashing 
and  insure  the  equalization  of  flow  over  the  entire  width 
of  the  tank.  When  the  liquid  level  has'reached  its  maxi- 
mum height,  which  occurs  when  the  overflow  valves  oc- 
cupy their  uppermost 
//  positions,   a    set    of 

switches  is  automatic- 
ally closed  to  short- 
circuit  the  secondary 
motor  winding  and 
cut  out  'the  liquid 
rheostats 

Induction  type 
three-phase  motors 
are  used  to  operate 
the  blowers  and  elec- 
trolyte pumps  for  the 
liquid  rheostats.  A 
low  voltage  three- 
phase  circuit  is  ob- 
tained for  starting 
these  motors  by  tak- 
ing the  middle  tap 
out  of  each  leg  of  the 
Scott  connection.  A  pneumatically  operated  cam 
type  auto    starter.  Fig.  9,    is    used    to    change    over 


FIG.   9 — PNEUMATIC     CAM 
AUTOSTARTER 
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from  the  low  starting  voltage  to  the  higher  running 
voltage.  The  control  which  operates  this  switch  is  such 
that  the  auxiliary  motors  cannot  be  started  until  the 
phase  converter  is  operating;  but  the  motors,  once  run- 
ning, will  continue  to  do  so,  after  the  phase  converter 
has  been  shut  down,  on  single-phase  energy  supplied 
from  the  secondary  of  the  main  transformer. 

The  operation  of  the  locomotive  is  primarily  con- 
trolled by  a  master  controller.  Fig.  lo.  One  of  these 
master  controllers  is  lo- 
cated i  n  each  o  f  the 
motorman's  compart- 
ments. Three  handles 
are  provided — reverse, 
speed,  and  acceleration. 
The  Reverse  llatidle  is 
used  for  changing  the  di- 
rection of  movement  of 
the  locomotive  by  clos- 
ing the  proper  set  of 
primarj^  switches. 

The  Speed  Handle  is 
employed  to  change  over 
the  speed  combination 
of  the  main  motors 
from  cascade  to  parallel 
operation.  It  has  three 
positions,  one  each  for 
the  ID  and  20  mile  per 
hour  combinations,  and  one  midway  between  these  two, 
which  is  used  as  a  transition  position  to  enable  one  pair 
of  motors  to  be  changed  over  to  a  new  combination. 

The  Acceleration  Handle  is  utilized  to  control  the 
primary  switches  and  the  differential  air  engine  which 
varies  the  level  of  the  liquid  in  the  rheostats.  It  has 
three  positions  marked  raise,  hold,  and  lower.  These 
won' .  refer  to  the  level  of  the  liquid  in  the  rheostat  by 
whi-'i  .lie  speed  of  tlie  locomotive,  during  either  cascade 
or  p.auilel  motor  connections,  is  varied.  A  movement  of 
the  handle  to  the  raise  position  and  then  back  to  the  hold 
position   will   give  a   positive   increment  in   rise   of  the 
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liquid  level,  and  a  movement  of  the  handle  to  the  lower 
and  then  back  to  the  hold  position  will  lower  the  level  of 
the  liquid  in  the  liquid  rheostats. 

Overload  protection  is  obtained  by  a  current  limit 
relay,  a  means  of  protection  which  has  the  advantage 
that  it  will  not  open  the  circuit,  but  will  first  arrest  the 
rise  of  the  liquid  level  in  the  rheostats,  and  will  then 
lower  this  level  if  the  accelerating  current  goes  beyond  a, 
certain  fixed  maximum  value. 

The  liquid  rheostats  may  be  operated  independently 
of  each  other  by  means  of  levers  located  in  an  auxiliary 
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master  controller.  Fig.  11,  which  is  used  for  equalizing 
the  load  on  the  different  pairs  of  motors  and  to  reduce 
the  current  supplied  to  one  pair  of  driving  motors  when 
they  slip,  without  affecting  the  other  pair.  The  auxiliary 
master  controller  also  has  levers  which  will  raise  and 
lower  the  trolley,  start  and  cut  out  the  phase  converter, 
and  operate  the  phase  converter  voltage  and  phase- 
balancing  switches. 

Regenerative  braking  does  not  require  any  extra 
control  equipment.  This  is  due  to  the  inherent  charac- 
teristics of  the  induction  motor.  The  manipulation  of 
the  master  controller  is  exactly  the  same  for  regener- 
ation as  it  is  for  running. 

The  control  of  this  type  of  locomotive  is  extremely 
simple  for  both  running  and  regenerating,  requiring  no 
special  knowledge  other  than  that  of  the  manipulation 
of  the  air  brakes  when  handling  heavy  trains. 
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MOTOR  HEATING  in  railway  service  depends  on 
so  many  variables  that  the  choice  of  a  rating 
which  indicates  the  motor's  capacity  for  a  certain 
service  is  difficult.  At  present,  there  are  two  standard 
ratings  speciiied  by  the  American  Institute  of  Electrical 
Engineers; — the  hour  or  nominal  rating,  and  the  con- 
tinuous i-ating.  The  nominal  rating,  which  is  based  on 
a  stand  test  of  one  hour  with  covers  arranged  to  secure 
maximum  ventilation,  is  an  approximate  indication  of 
tlie  mechanical  strength  and  commutating  limits  of  the 
motor,  but  it  does  not  iii.licate  the  motor's  suitability  for 


any  class  of  service.  The  continuous  rating  is  the  true 
measure  of  the  motor's  ability  to  perform  any  average 
service  .  When  operating  conditions  are  known,  the 
severity  of  the  service  to  be  performed  can  be  deter- 
mined by  calculating  the  root  mean  square  current  and 
equivalent  voltage  on  the  basis  of  a  speed-time  curve 
representing  tlie  average  cycle;  or,  if  necessary,  by  com- 
bining the  results  of  a  series  of  speed-time  curves,  each 
covering  a  certain  phase  of  the  service. 

The  ability  of  a  motor  to  perform,  for  short  periods 
of  time,  certain  abnormally  severe  service,  due  to  in- 
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creased  traflic  during  rush  hour  conditions,  severe  grades 
or  other  causes,  may  sometimes  be  measured  by  load 
and  time  curves  showing  the  length  of  time  the  motor 
may  be  subjected  safely  to  the  overload  encountered 
when  starting  cold  or  when  starting  with  motors  already 
heated  to  75  degrees  C.  In  general,  short  time  ratings, 
however,  are  similar  to  short  time  overload  ratings  on 
generators  and  industrial  motors,  in  that  certain  special 
requirements  are  sometimes  met  which  necessitate  a 
statement  of  a  machine's  ability  to  carry  a  particular 
load  for  a  certain  definite  time,  it  being  possible  to  de- 
termine by  calculation  the  conditions  at  the  beginning 
of  the  overload.  It  is  impossible  to  cover  these  special 
conditions  by  a  standard  rating,  and  even  load  and  time 
curves  have  a  rather  limited  application. 

It  is  unfortunate  that  the  hour  rating  has  become 
so  firmly  entrenched  as  a  statement  of  railway  motor 
capacity.  The  average  railway  man  has  a  feeling  that 
a  fifty  horse-power  motor  is  larger  and  has  more  margin 
in  service  than  a  forty  horse-power  motor  and  the  term 
"horse-power  per  ton"  is  still  used  by  many  as  a  measure 
of  service  capacity.  Before  the  advent  of  the  ventilated 
motor,  there  was  a  fairly  definite  relation  between  hour 
and  continuous  rating  and  the  hour  rating  was  partially 
justified  by  the  fact  that  the  continuous  rating  could  be 
approximated  from  it.  Effective  ventilation,  however, 
has  increased  the  continuous  rating  of  certain  motors,  to 
fifty  percent  or  more  above  the  rating  without  ventila- 
tion, while  the  hour  rating  has  been  increased  only  five 
or  ten  percent.  Very  slight  changes  in  the  design  of 
fans,  baffles,  etc.  cause  relatively  great  changes  in  con- 
tinuous rating,  so  that  the  continuous  rating  of  a  ven- 
tilated motor  may  be  anywhere  between  55  and  85  per- 
cent of  the  hour  rating,  and  hence,  the  hour  rating  is 
no  longer  an  indication  of  continuous  capacity. 

It  is  generally  understood  by  railway  men  that  slow- 
speed  motors  and  maximum  gear  reduction  effect  con- 
siderable economy  in  energy  consumption  in  city  service 
without  any  reduction  in  running  time.  The  fact  that 
heating  current  is  also  reduced  is  not  mentioned  so  fre- 
quently because  saving  in  motor  heating  cannot  be  ex- 
pressed in  dollars  and  cents  as  readily  as  saving  in  en- 
ergy consumption.  The  speed  and  gearing  of  motors 
proposed  for  any  service  should  be  considered,  for  fre- 
quently higher  continuous  current  rating  is  due  to  a  de- 
sign with  higher  speed  and  higher  heating  current  is  ob- 
tained in  consequence.  The  low-speed  motor  may, 
therefore,  be  able  to  perform  the  service  with  a  tem- 
perature rise  no  greater  or  even  less  than  that  of  the 
high-speed  motor.  The  low-speed  motor,  consequently, 
would  be  far  more  desirable,  for  a  saving  in  energy  con- 
sumption at  the  car  would  be  made  and  the  losses 
throughout  the  system  would  be  reduced  by  the  reduc- 
tion in  the  duration  of  peaks  and  by  the  decreased  av- 
erage load. 

Another  feature,  which  must  be  given  due  consid- 
eration, is  field  control.  A  field-control  motor  will  have 
from  five  to  fifteen  percent  lower  current  than  a  non- 


field-control  motor  of  the  same  weight  and  geared  for 
the  same  speed.  Hence,  for  the  same  temperature  rise, 
the  field  control  motor  can  have  a  correspondingly 
lower  continuous  rating.  The  field  control  motor  will 
also  effect  a  saving  in  energy  consumption,  reduce  the 
duration  of  peaks  and  may  improve  the  load  factor. 

In  interurban  freight  or  switching  service  the 
standard  motor  ratings  may  be  even  more  misleading 
than  in  city  railway  service.  Since  high  speed  is  a 
handicap  in  switching  service  and  can  be  utilized  but 
little  in  ordinary  interurban  freight  haulage,  frequently 
a  low-speed  locomotive  can  perform  the  same  work  in 
the  same  time  as  a  high-speed  engine.  The  overhead 
construction  and  substation  capacities  and  locations  on 
most  existing  interurban  roads  have  been  designed  for 
passenger  car  operation  only,  and  where  new  roads  are 
built,  it  is  desirable  to  keep  the  first  cost  as  low  as  pos- 
sible. A  locomotive  equipped  with  low-speed  motors,  on 
account  of  the  large  tractive  efforts  developed  at  rela- 
tively low  currents,  often  produces  no  greater  peak  load 
than  another  passenger  car  on  the  line,  although  the 
peak  may  last  a  longer  time.  A  high-speed  locomotive 
developing  the  same  tractive  effort,  if  the  system  is  al- 
ready worked  close  to  its  capacity,  would  make  it  nec- 
essary to  increase  the  amount  of  feeder  and  substation 
capacity,  thus  possibly  rendering  freight  train  operation 
unprofitable.  In  locomotive  service,  the  continuous 
tractive  effort  is  the  best  indication  of  hauling  capacity, 
but  the  performance  of  the  motors  should  be  examined 
from  the  standpoint  of  the  current  drafts  necessary  to 
meet  the  traffic  conditions  and  the  effect  of  these  cur- 
rents on  the  overhead  and  substation  equipment. 

The  ill  effects  of  high-speed  motors  in  locomotive 
service  are  sometimes  reduced  by  connecting  two  motors 
permanently  in  series.  So  far  as  current  demand  is  con- 
cerned, the  effect  is  practically  that  of  a  motor  designed 
for  half  the  speed.  It  must  be  borne  in  mind  that  the 
series  operation  is  essentially  the  same  as  operation  on 
half  voltage  and  the  efficiency  will,  in  general,  be  low. 
The  motor  ratings  also  should  be  given  at  half  voltage, 
for  the  horse-power  rating  at  full  voltage  is  practically 
twice  the  horse-power  that  will  be  obtained  with  motors 
in  series.  It  is  obviously  incorrect  to  compare  the  horse- 
power rating  at  full  voltage  when  the  motors  are  to  be 
operated  at  half  voltage,  with  the  horse-power  rating 
of  a  specially  designed  slow-speed  locomotive  motor  op- 
erated at  full  line  voltage. 

Regardless  of  the  type  of  service  for  which  railway 
motors  are  to  be  purchased,  it  is  necessary  in  order  to 
make  the  best  selection  of  equipment,  to  analyze  the 
service  conditions  carefully  and  check  the  application 
of  the  motors,  by  means  of  the  motor  curves  and  ratings 
included  in  the  motor  specifications.  One  is  then  in  a 
position  to  judge  the  various  equipments  on  the  basis 
of  their  suitability  for  the  work  to  be  performed,  and 
cannot  be  mislead  by  a  design  which  gives  a  high  rating 
and  at  the  same  time  adds  to  total  operating  expense. 
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THE  FIRST  STEP,  as  outlined  in  the  program 
for  one  hundred  percent  electrification  between 
New  York  and  New  Haven  in  .1920,  has  been 
taken  by  the  placing  of  an  order  for  five  electric  pas- 
senger locomotives  to  weigh  approximately  180  tons 
each.  These  locomotives  will  be  of  the  2-6-2  articulated 
truck  type,  and  have  fifty  percent  greater  capacity  than 
anv  electric  locomotive  now  in  use  on   this   railroad. 
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I OUTLINE    OF    ARTICULATED    TUUCK     TYPE     LOCOMOTIVE     FOR 

THE   MEW   YORK,    NEW    HAVEN    &   H.\RTFORD    RAILROAD 


They  will  operate  either  on  650  volts,  direct-current, 
third  rail,  or  on  11  000  volts,  25  cycle,  alternating  cur- 
rent, overhead  trolley.  When  operating  on  alternating- 
current,  each  locomotive  will  be  able  to  exert  a  tractivt 
effort  of  21  000  lbs.  The  maximum  guaranteed  trac- 
tive effort  is  47  500  lbs.  The  locomotives  will  be  ca- 
pable of  hauling  trains  of  900  tons  weight  in  express  ser- 
vice between  Grand  Central  Terminal,  New  York,  and 
New  Haven  in  one  hour  and  fifty  five  minutes.  They 
will  also  be  used  for  service  into  the  Pennsylvania  Sta- 
tion, New  York,  over  tlie  New  York  Connecting  Rail- 
road and  the  New  Hell  Gate  bridge.  The  locomotives 
will  operate  safely  at  a  speed  of  70  miles  per  hour. 


K.  Hardcastle 

comotive  has  the  wheel  arrangement  of  what  in  steam 
practice  is  known  as  the  "Prairie"  type,  and  the  com- 
plete locomotive  is,  in  fact,  two  "Prairie"  engines  ar- 
ticulated and  supporting  a  cab  by  means  of  spring- 
loaded  friction  plates  on  the  running  gear.  All  bumping 
and  pulling  forces  will  be  transmitted  through  the  truck 
framing  and  articulation  link,  and  the  only  forces  trans- 
mitted through  the  cab  framing  will  be  those  due  to  the 
cab's  own  weight  and  that  of  the  equipment  mounted  in 
the  cab. 

Each  driving  axle  will  be  equipped  with  a  twin  type 
geared  single-phase  sei"ies  motor.  Fig.  2.  The  torque 
from  the  motor  armatures  will  be  transmitted  to 
the  wheels  by  means  of  a  quill  surrounding  the  axle 
and  helical  springs,  as  shown  in  Fig.  3.  This  arrange- 
ment permits  the  entire  weight  of  the  motors  and  drive 
to  be  spring-supported  and  provides  a  high  center  of 
gravity  with  a  flexible  drive  having  no  wearing  parts. 
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A  motor  of  this  type  is  geared  to  each  driving  a.xlc. 

The  general  type  of  locomotive  which  was  adopted 
is  shown  in  Fig.  i.  The  design  is  similar  to  the  present 
New  Haven  geared  passenger  locomotives,  except  that 
an  additional  driving  axle  and  trailing  axle  have  been 
added  to  each  truck  and  additional  motors  and  equip- 
ment have  been  provided  to  take  care  of  the  increased 
number  of  driving  axles.     Each  main  truck  of  the  lo- 


rn;.  3       WHEELS    AND    AXLE   OF   LOCOMOTIVE 
Showing  quill  and  helical  springs. 

The  use  of  a  three-driving-axle  truck  introduced 
some  new  problems,  one  of  which  was  the  location  of 
the  center  pins  in  such  a  position  that  the  locomotive 
would  e.xert  the  least  possible  lateral  pressure  on  the 
track,  due  both  to  curving  and  to  nosing.  These  forces 
were  analyzed,  and  it  was  found  that  both  from  the 
standpoint  of  lateral  pressure  on  the  track  and  tendency 
to  keep  the  locomotive  progressing  in  a  straight  line 
without  nosing,  the  most  desirable  location  for  the  cen- 
ter pins  was  between  driving  axles  i  and  the  2  and  be- 
tween 5  and  6,  as  shown  in  Fig.  i. 

The  main  wiring  connections  are  shown  schemati- 
cally in  Fig.  4.  The  twelve  armatures  will  be  arranged 
in  groups  of  three  connected  permanently  in  series. 
This  arrangement  has  the  advantage  of  providing  a 
comparatively  low  voltage  across  each  individual  arma- 
Uire  while  at  the  same  time,  the  size  of  the  cable  in  the 
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main  motor  circuits  and  motor  switches  need  be  only 
sufficient  to  carry  the  current  of  a  single  motor. 

Although  these  locomotives  have  a  large  increase 
in  capacity  over  the  present  engines,  it  was  realized  that, 
with  the  continually  increasing  hauling  capacity  require- 
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FIG.    4 — SCHEM.\TIC    DIAGRAM    OF    CONNECTIONS    AND    SEQUENCE    OF 
SWITCHES 

inents,  the  heaviest  trains  would  ultimately  have  to  be 
double-headed.  The  control  of  the  new  locomotives  has 
been  developed  so  tliat  multiple  operation  may  be  ob- 
tained with  the  present  gearless  locomotives,  with  either 
locomotive  as  the  leading  unit,  and  so  that  when  op- 
erated in  this  manner,  the  load  will  be  divided  in  pro- 
portion to  the  rated  capacity  of  the  two  units. 

The  main  transformer  will  be  of  the  two-circuit 
air  blast  type  and  with,  a  closed  metallic  circuit  on  the 
secondary.  The  mid-point  of  the  secondary  side  of  the 
transformer  will  be  grounded  through  a  lamp  circuit. 
In  case  a  ground  occurs  on  the  secondary  side  of  the 
transformer,  the  effect  wijl  be  merely  to  establish  a  cir- 
cuit through  the  ground  detector  light,  which  can  then 
be  reported  and  the  ground  cleared  before  burning  oc- 
curs. With  the  closed  metallic  circuit,  as  shown,  des- 
tructive burning  can  only  occur  if  two  grounds  occur 
at  the  same  time  at  relatively  different  voltage  points  in 
the  winding. 

As  a  further  protection  to  the  equipment,  tempera- 
ture indicators  will  be  provided  to  indicate  the  tempera- 
ture of  the  windings  of  any  one  of  the  main  motors. 

These  temperature 
indicators  will  op- 
erate on  the  princi- 
ple of  a  balanced 
bridge,  as  shown  in 
Fig.  5.  The  vari- 
able resistance  con- 
si  s  t  s  of  explor- 
ing coils  having  a 
high  temperature 
co-efficient,  which  are  mounted  in  the  main  motors 
and  anv  one  of  which  may  be  connected  in  the  circuit 


FIG.    5 — BALANCED  BRIDGE  METHODS  OF 

MEASURING  TEMPERATURE  OF  MOTOR 

WINDINGS 


of  the  bridge  by  means  of  suitable  push  buttons  in  the 
master  controller.  A  volt-meter  connected  across  the 
bridge  is  calibrated  to  read  the  temperature  of  the 
motor  to  which  the  bridge  may  be  connected. 

Another  feature  is  the  design  of  the  third  rail  shoe 
and  operating  mechanism.  It  is  necessary  that  these  lo- 
comotives run  over  the  tracks  of  the  New  York  Central, 
which  have  an  underrunning  third  rail,  and  the  tracks 
of  thfe  Pennsylvania  Railroad  which  have  an  over-run- 
ning third  rail.  Furthermore,  these  two  third  rails  are 
located  in  a  slighdy  different  position,  both  in  respect  to 
height  and  distance  from  the  center  line  of  track. 

Forced  ventilation  will  be  provided  on  the  locomo- 
tives and  the  ventilation  system  has  been  designed  to 
provide  an  adequate  amount  of  air  for  the  equipment 
at  all  times.  The  air  for  the  blowers  will  be  taken  from 
the  inside  of  the  cab  which  will  act  as  a  large  settling 
chamber  for  depositing  any  snow  or  moisture  which 
may  have  been  drawn  in  from  the  outside.  Two  blowers 
are  used  which  are  arranged  with  dampers,  so  that  in 
the  event  of  failure  of  one  blower,  the  other  blower 
could  supply  air  to  all  the  equipment  for  operations  of 
the  locomotive  at  reduced  capacity.  The  blowers  are 
of  the  forward  curved  blade  type  which  have  been 
chosen  on  account  of  their  small  size  and  low  speed  for 
their  capacity  and  pressure.  The  blower-motors  have 
been  designed  so  that  when  operated  at  a  lower  voltage, 
they  will  be  suitable  for  driving  the  air  compressors  so 
as  to  reduce  the  number  of  different  types  of  equipment 
on  the  engine.  Since  the  safe  temperature  of  the  re- 
sistance grids  is  considerably  higher  than  the  remainder 
of  the  equipment,  and  since  it  is  desirable  to  cool  the 
main  transformer  during  the  periods  when  the  locomo- 
tive is  operating  on  direct-current,  the  main  trans- 
former will  be  blown  at  all  times,  and  the  air  from  the 
air  outlet  of  the  transformer  will  be  used  to  ventilate 
the  grid  resistance.  After  passing  through  the  appara- 
tus requiring  forced  ventilation,  the  air  will  be  ex- 
hausted outside  of  the  cab  at  points  remote  from  the 
air  intake. 

The  locomotives  will  be  provided  with  a  complete 
steam  heating  equipment  suitable  for  heating  the 
through  passenger  trains.  The  boiler  will  be  of  the  ex- 
tended surface,  flash  type,  kerosene-fired,  and  will  be 
capable  of  evaporating  4200  lbs.  of  water  per  hour. 
Tanks  will  be  provided  on  the  locomotive  having  a  ca- 
pacity for  1440  gallons  of  water  and  370  gallons  of  oil 
for  use  in  connection  with  the  steam  boiler. 

As  compared  with  other  equipment  of  similar  ca- 
pacity, these  locomotives  are  novel,  chiefly  in  the  slight 
radical  departure  in  details  of  design  from  equipment 
previously  developed  for  this  road.  The  fact  that  it 
was  possible  to  increase  the  capacity  of  the  locomotive 
fifty  percent  and  still  use,  in  a  very  large  measure, 
standard  parts  both  in  the  mechanical  structure  and  in 
the  equipment  which  has  been  adapted,  speaks  well  for 
the  flexibility  of  electrical  equipment  and  the  thorough- 
ness with  which  the  previous  designs  had  been  worked 
out. 


©n  Dlrect-Carrcni  Railv/ny  Motos-s 

J.  S.  Dean 

Unless  one  is  familiar  with  the  many  varying  conditions  associated  with  the  operation  of  a  raihvay 
motor  carbon  brush  in  service,  and  realizes  how  these  variables  affect  the  life  o£  a  carbon,  this  question 
is  a  "snare  and  a  delusion."  The  object  of  this  article  is  to  outline  these  various  conditions,  and  show 
how  they  are  co-related,  and  in  what  manner  they  affect  the  various  factors  that  are  a  function  of  brush 
hf e  ■  also  to  give  some  operating  test  data,  t,hat  can  be  used  as  a  guide  in  proper  analysis ;  and  further, 
to  point  out  that  it  is  not  fair,  under  adverse  conditions,  to  expect  the  large  mileages  obtained  under 
ideal  conditions. 


THAT  there  is  a  wide  variation  in  carbon  brush  hfe 
is  verified  by  the  many  reports  received  from  op- 
erating men  in  the  United  States  and  Canada,  as 
well  as  from  the  representatives  of  the  carbon  manti- 
facturers,  showing  brush  life  ranging  from  5000  to 
200  000  car-miles.  The  sub- 
stance of  some  of  these  re- 
ports and  statements  is  as 
follows : — 

I — "These  carbons  have  been 
in    service    for    two    and 
one-half  years." 
2 — "These      carbons,       our 

grade  ,  have 

ope  r  a  te  d  for  35  000 
miles,  and  are  practically 
as  good  as  new." 
3 — "Can  you  explain  why 
this  carbon  failed  after 
one  week's  service?" 

4 — "The   carbons   on  • 

motor  have  been  in 

„  service     for     three     and 

J.  b.  Ue.\n  one-half    years,    and  'arc 

still   running." 
5 — "Our  carbons  have  made  40000  to  50000  miles  in  serv- 
ice with  approximately  one-sixteenth  inch  end  wear." 

6 — "One  of  our  carbons,  grade  on  road 

has  made  an  exceptional  record  of  240000  car-miles." 

The  figures  given  above  are  extreme  cases,  but  no 
doubt  are  true.  However,  the  average  railway  operating 
man,  who  rarely  gets  more  than  35  000  to  40  000  miles 
from  his  carbons,  is  inclined  to  be  skeptical,  and  should 
not  be  critised  too  severely  if  he  questions  some  of  these 


TABLE  II — CAUSES  OF  BRUSH  WEAR 


TABI.E  I. — CONDITIONS  THAT  AFFECT  CARBON  BRUSH  LIFE 

/    Brush  capacity 

\  (  Schedule  speed 

Current  density    -^  )  Acceleration 

J    Service  conditions       J   Stops 

(  V  Coasting 

I    Electrical  design 
Commutation         -     Commutating-pole  or 

(   Non-commutating-pole 
Temperature 

(Undercutting 
Hiffh  bars 
Low  bars 
Rough  surface 
Flat  spots 
Pitted 
Ridged 
I  Si)acing  of  brush  holders 
Commutation     \  Spacing  of  poles 

(  Correct  throw  of  armature  coil  leads 
/Contact  tips 
I  Shunt 
Spring  action 
Spring  pressure 
Brush  contact  areas 
I  Shape  of  carbon  box 
VMaterial  of  carbon  box 
[  Condition  of  armature  bearings 
,,.,  J   Condition  of  axle  bearings 

\ibration     <  Condition  of  gears 
v  Condition  of  tracks 
Distance  of  brushholder  from  commutator  face 
Ventilated  or  non- ventilated  motors 
/Grade  of  carbons 
Service  conditions  (city  or  interurban) 
Single  or  double  end  operation 
Nature  of  road  bed  (sand,  gravel,  or  stone) 
Initial  length  of  carbon 

Difference  between  initial  length  and  minimum  length 
Initial  clearance  of  carbon 
Peripheral  speed  on  commutator  surface 
Number  of  commutator  bars 
\  Gear  ratio  of  cars 
Ratio  of  commutator  miles  to  car-miles 
Mounting  of  motors  (spring  or  rigid) 
Motor  operated  open  or  closed 
Location  of  motor  on  car 
Inspection  periods 
Maintenance 
Quadruple  or  double  equipment 

Photographs  of  carbons  taken  from  actual  service, 
shown  in  Figs,  i  and 


End  Wear ' 

Side  Wear 

Hammer  Wear 

Chipping  and  Breakage 

Commutation 

Current  density 

Current  density 

Temperature 

Current  density 

Service 

Service 

Service 

Service 

Grade  of  carbon 

Temperature 

Grade  of  carbon 

Gr^ide  of  carbon 

Design  of  brushholder 

Grade  of  carbon 

Inertia  of  contact  tip 

Brush  holder  spring  pressure 

Condition  of   shunt 

Design  of  brush 

Brush  holder  spring  pressure 

Brush  holder  spring  action 

Size  of  shunt 

holder 

Brush  holder  spring  action 

Condition  of  commutator  surface 

Brush  holder  spring 

Condition  of 

Condition  of  commutator 

Undercutting 

pressure 

shunt 

Undercutting 

Peripheral  speed  of  commutator 

Brush  holder  spring 

Brush  holder  spring 

Design  of  brush  holder 

Mounting  of  motor 

action 

pressure 

Armature  end  play 

Spacing  of  brush  holder 

Area  of  brush  holder  box 

Brush  holder  spring 

Initial  clearance  of  carbon 

Armature  end  play 

Brush  holder  material 

action 

Length  of  carbon 

Temperature 

Length  of  carbon 

Size  of  shunt 

Mounting  of  motor 

Road  bed 

Initial  clearance  of 

Shape  of  contact 

Height  of  brush  holder  from 

Tract 

carbon 

tip 

commutator  surface 

condition 

Double  or  single  end 

Inertia  of  contact 

Number  of  commutator  bars 

Loose  armature 

operation 

tip 

Peripheral  speed  of  commutator 

bearings 

Track  conditions 

Length  of  carbon 

Shape  of  contact  tip 

Vibration      ' 

Loose  axle 

Mounting  of  motor 

Initial  clearance 

/Track  condition 

bearings 

Road  bed 

of  carbon 

j  Loose  armature  bearings 

Condition  of 

Open  or  closed  motor 

Track  conditions 

\  ibralion    <  Loose  axle  bearings 

gears 

Location  of  motor 

V Condition  of  gears 

Temperatur.> 

statements.  That  such  a  wide  range  of  brush  life  under 
different  conditiotis  is  possible,  however,  can  be  un- 
derstood readily  by  an  examination  of  the  various  con- 
ditions that  affect  carbon  brush  life,  shown  in  Tables  I 
and  II. 


2 ,  afford  a  representa- 
tion of  what  actually 
happens  under  favor- 
able and  adverse  con- 
ditions. These  nine 
samples  represent  six 
different  grades  of 
brushes  which  are 
the  product  of  four 
well  known  manu- 
facturers. They  were 
taken  from  cars  in 
service  from  various 
parts  of  the  country, 
and  give  a  fair  idea  of 
the  range  of  operating 
conditions  that  exist  on  present-day  electric  railways. 
No.  1  carbon,  taken  from  an  interurban  car  after  approxi- 
mately 8000  miles  service,  shows  considerable  side  wear  and 
top  breakage,  which  was  mostly  due  to  the  shape  of  the  pres- 
sure finger  contact  tip,  and  sand  or  dirt  getting  between  carbon 
and  box. 
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No.  2  carbon  is  from  a  citj'  car  after  1000  miles  service. 
It  shows  no  top  breakage,  but  considerable  side  wear,  which 
was  caused  by  too  severe  operating  conditions  and  poor  main- 
tenance of  brushholder  and  equipment ;  also  sand  or  dirt 
getting  between  carbon  and  box. 


Fir..    I — TYPICAL   FORMS   OK   CARliON   BRUSH    WEAR   AND    BREAKAGE 

No.  3  carbon,  taken  from  the  No.  4  motor  of  a  car  in 
city  and  interurban  service,'  has  made  6000  miles.  It  shows  no 
top  breakage,  but  excessive  side  wear,  caused  by  sandy  con- 
ditions of  the  road  bed  and  location  of  the  motor  on  the  car, 
the  No.  4  motor  getting  most  of  the  dirt  stirred  up  by  the 
motion  of  the  car. 

No.  4  carbon,  taken  from  a  car  in  interurban  service,  has 
made  45  000  miles.  Apparently  this  carbon  is  in  good  condi- 
tion, due  to  the  easy  service,  road  bed  free  from  sand,  and  a 
regular  careful  inspection  and  maintenance  of  equipment. 

No.  .5  carbon  is  from  a  car  in  elevated  service  and  made 
only  1500  miles.  Evidently  this  carbon  had  some  inherent  de- 
fect that  caused  it  to  break  and  deteriorate  so  quickly,  as 
quite  a  number  of  carbons  of  the  same  grade  are  operating 
successfully  in  this  same  service. 

No.  6  carbon  is  from  a  car  in  city  service,  and  made  8000 
miles.  This  shows  hammer  wear,  chipping  and  breaking,  due 
to  shape  of  contact  tip  and  poor  track  condition. 

No.  7  carbon  is  from  a  car  on  high  speed  interurban 
service,  and  has  made  50  000  miles.  This  shows  a  good  average 
life.  The  excessive  hammer  wear  is  probably  due  to  faulty 
spring  pressure  or  the  sand  and  dirt  getting  between  contact 
tip  and  carbon. 

No.  8  carbon  is  from  a  car  in  elevated  service  that  has 
made  20000  miles.  It  shows  chipping  and  hammer  wear  due 
to  the  shape  of  the  contact  tip  and  probably  a  rough  com- 
mutator surface,  loose  bearings,  or  some  defect  in  the  brush 
holder  mechanism. 

No.  9  carbon  is  taken  from  a  car  in  subway  service,  and 
has  made  90000  miles.  This  shows  a  life  considerably  above 
the  average,  which  is  due  to  the  high  grade  of  the  carbon, 
nature  of  the  service,  good  condition  of  the  track,  absence 
of  sand  and  dirt  on  the  road  bed,  and  also  the  excellent  care 
and  inspection  given  these  'equipments. 

Special  cases  that  exist  in  connection  with  railway 
operation  and  that  should  be  considered  ai^e  as  fol- 
lows : — 

Where  cars  in  city  service  stop  on  the  near  side  Oj. 
the  street  and  accelerate  while  running  over  single  or 
double  track  crossing  frogs,  drawing  excessive  currents 
through  the  carbon  while  they  are  subjected  to  heavy 
mechanical  vibration,  brush  wear  is  especially  severe. 
In  some  cases  this  applies  to  a  large  percentage  of  the 
stops  on  certain  scheduled  runs,  and  tends  to  deteriorate 
the  carbons  very  rapidly. 


In  the  application  of  double  equipments  to  replace 
quadruple  equipments  in  the  same  service,  tliere  is  a 
tendency  on  the  part  of  the  operating  man  to  expect  the 
same  car  mileage  from  his  carbons.  When  this  change 
is  made  it  is  also  invariably  true  that  the  carbons  are 
worked  at  a  much  higher  current  density,  having  fewer 
carbons  to  do  the  same  work,  with  a  correspondingly 
lower  mileage  record  per  carbon. 

Another  consideration  is  that  of  commutator  mile- 
age versus  car  mileage  which  is  responsible  in  part  for 
the  noticeable  variations  in  carbon  life  (on  a  car  mileage 
basis)  of  city  cars  as  compared  with  cars  in  interurban 
service.  Interurban  cars  with  low  gear  ratios  for  high- 
speed service  develop  correspondingly  low  commutator 
miles,  for  a  given  car  mileage  as  compared  with  the 
commutator  miles  developed  on  city  cars  equipped  with 
the  customary  maximum  gear  reduction.  An  interesting 
case  of  this  kind  was  noted  in  connection  with  carbon 
life  in  locomotive  service.  A  high-speed  passenger  loco- 
motive reported  unusually  high  locomotive  mileage  for 
its  carbons,  while  on  a  freight  locomotive  using  a  motor 
of  similar  electrical  design,  the  carbon  life  was  corre- 
spondingly low.  Upon  investigation  it  was  found  that 
both  types  developed  the  same  commutator  miles,  while 
ihe  difference  in  locomotive  miles  was  accounted  fur  by 
the  gear  reduction. 

While  making  a  study  of  carbon  brushes  for  rail- 
way motors  an  extensive  service  test  was  made  on  a 
large  city  property,  the  results  of  which  throw  consider- 
able light  on  the  subject  of  the  various  factors  that  af- 
fect the  life  of  the  carbons.  These  tests  covered  a  period 


FIG.    2 — SIDE  VIEW   OF   CARI'.ONS    SHiJWN    IN   FIG.    I. 

of  about  eight  months,  representing  20000  car-miles  life 
of  each  carbon  tested.  Eight  carbons,  from  five  differ- 
ent manufacturers,  were  selected  and  tested  in  service 
under  similar  conditions,  which  eliminated  practically 
all  variables  except  those  depending  upon  the  particular 
grade  of  the  carbon.  These  carbons  were  tested  in  old 


4i8 
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and  new  biaish  holders  on  commutating-pole  motors  and 
careful  measurements  and  observations  of  end  wear, 
side  wear,  hammer  wear,  chipping  and  breakage,  were 
made  at  regular  stated  intervals.  These  results  are 
shown  in  Tables  III  and  IV.  To  present  graphically  t!ie 


TABLE   111— ACTl'AL  WEAR 

MEASURED  ON  CARBONS 

Carbons 

END 

WEAR-INCHES 

SIDE  WEAR-I.NCHES 

Old        1 

Ne-.v     1      Old 

Brush 

Brush 

Average 

Brush     i     Brush 

Average 

Holder 

Holder 

Holder. 

Holder 

A 

0.590 

0.450 

0.550 

0.014 

0.012 

B 

0.2C)0 

0.390 

0 

340 

0.022 

0.063 

0.045 

C 

o.jSo 

0 

410 

0.009 

0.051 

D 

0.350 

clfo 

0 

355 

E 

0 

4S5 

0.013 

F 

0.610 

0.5S0 

0 

.S95 

0.006 

0.062 

0.034 

G 

0.640 

o.7,SO 

0 

60S 

0.017 

0.071 

0.044 

H 

0.430 

0.3S0 

° 

405 

0.008 

0.038 

0.023 

TABLE  IV— CONDITION  OF  CARBONS,  BASED  ON  OBSERVATION 
100  Percent  Represents  Perfect  Condition 


PERCENT 

PERCENT 

PERCENT 

Car- 

HAMMER WEAR 

CHIPPING 

BREAKAGE 

bons 

New 

Old       A..er. 

New 

Old 

New 

Old 

Aver 

Brush 

Brush    7„\ 
Holder     "S^'' 

Brush 

Brush 

age 

Brush 

Brush 

age 

Holder 

Holder 

Holder 

Holder 

Holder 

A 

100 

I 
8S         92.5 

95 

90 

92-5 

90 

90 

00 

B 

95       1       80       1   S7.5 

95 

90 

925 

90 

70 

80 

100      1       90       1    95 

ICO 

90 

95 

90 

75 

S2.5 

D 

100            90      1  95 

100 

f. 

95 

95 

95 

95 

E 

So          90 

95 

90 

90 

60 

75 

95 

So      1   S7.5 

95 

90 

92.5 

90 

75 

82.5 

G 

100 

So      1   90 

90 

90 

90 

qo 

90 

90 

95 

So      '   87.5 

100 

90 

95 

90    ;    85 

87.5 

figures    given  in    these  tables,    three  curves,    shown  in 
Figs.  3,  4  and  5  were  plotted,   using  the  average  values 

of  the  results  of 
each  test  carbon 
in  the  old  and 
new  brush  hold- 
ers. From  the 
a\'erage  valu  e  s 
taken  fro  m 
these  three  sets 
of  curves,  a 
composi  t  e  h  y- 
pothetical  curve 
was  made  up,  as 
shown  in  Fig.  6. 
In  the  design 
of  practically  all 
brushhold  e  r  s, 
approximat  e  1  y 
50  perce  n  t  o  f 
the  carbon  is  not 
FIG.  3 — E.\i)  WEAR  OF  CAituo.N'  BRUSHES  availab  1  e  for 
The  letters  refer  to  the  data  given  in   end   wear,   as    it 

must  be  replac- 
ed after  it  has  been  worn  to  this  point,  due  to  tlie  lim- 
itations of  the  carbon  box  and  the  design  of  the  pres- 
sure finger.  Of  the  remaining  50  percent  of  the  carbon 
life,  if  end  wear  only  need  be  considered,  a  probable  life 
of  200  000  miles  could  be  obtained  from  a  high  grade 
carbon  operating  under  the  most  favorable  conditions, 
as  shown  by  curve  A,  Fi?  6.  This,  in  isolated  cases,  has 
been  obtained  under  ah  'i.ieal  conditions  of  opera- 
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Table  III. 


tion,  which  are  the  exception  and  not  the  rule.  What 
actually  occurs  in  service  due  to  the  many  variables  re- 
ferred to  previously,  is  a  simultaneous  action  produc- 
ing a  deterioration  of  the  carbon,  with  a  corresponding 
reduction  in  its  life,  as  follows: — 

An  amount  due  to  side  wear  as  shown  between  curves  A 
and  B: 

An  amount  due  to  hammer  wear  as  shown  between  curves 
B  and  C. 

An  amount  due  to  chipping  as   shown   between   curves   C 
and  D. 

An  amount  due  to  breakage  as  shown  between  curves  D 
and  £. 

The  avera  g  e 
life  of  a  high- 
grade  carbon  is 
thus  about 
40000  miles,  as 
represented  b  y 
t  h  e  summation 
of  these  values 
ill  curve  E. 
When  a  carbon 
of  m  e  d  i  u  m 
grade    is    to    be 

FIG.  ^1 — smr  wi.AK  OF  lARuoN  iiKusHi-.s  coiisiuei ecl,  C)  y 
The  letters  refer  to  the  data  given  in  observing  the 
■^^''^'^  "^-  same     modifica- 

tions as  outlined  in  connection  with  a  high-grade  car- 
bon, this  same  curve  can  be  used  by  multiplying  the  car 
miles  by  30  percent,  while  for  a  low  grade  carbon,  a 
multiplier  of  16  percent  should  be  used. 

The  curves  on  Fig.  6  are  based  upon  the  present 
day,  high  grade,  graphitized  carbon  operating  on  com- 
mutating-pole motors  of  modern  design,  having  under- 
cut comn-ut.-tors.  In  comparison  Fig.  7  shows  a  corre- 
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FIG.    5 HAMMER    WEAR,    CHIPPING    AND 

BREAKAGE  OF  CARBON   BRUSHES 

The  letters  refer  to  the  data  given  in  Table  IV. 
spending  set  of  curves  for  the  old  type  of  non-comniu- 
tating-pole  motor  with  commutators  not  undercut,  and 
using  a  present-day  medium  grade  carbon.  Using  the 
^o  percent  factor  for  medium  grade  carbons  in  connec- 
tion with  Fig.  6,  these  curves  can  be  compared  as  fol- 
lows : — 
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Possible  Maximum 
Life 

Ratio  Maxi- 

Prohable  Average        mum  to 
Life                   Average 
■   Life 

Fig.  6 
Fig.  7 

100  000    miles 
20  000   miles 

20000   miles 
12000   miles 

S 
1.66 

These  results  are  explained  by  the  fact  that,  to  a 
very  large  extent,  burning  action  is  responsible  for  most 
of  the  carbon  end  wear.  Thus,  with  the  old  type  non- 
coinmutating-pole  motor,  with  its  comparatively  poor 
commutation,  and  with,  in  addition,  the  high  mica  be- 
tween commutator  bars,  there  is  considerable  burning 


FIG.    6 — HYPOTHETIC.\L  COMrOSITE  CURVE  OF  BRUSH   LIFE 

Based  on  modern,  high-grade,  graphitized  brushes  on  a 
commutating-pole  motor  with  undercut  commutator.  Each 
shaded  area  represents  the  reduction  in  Hie  produced  by  the 
form  of  wear  indicated. 

and  a  rapid  wearing  away  of  the  carbons,  with  resultant 
short  life.  Since  the  life  is  short,  due  to  rapid  end  wear, 
the  side  wear,  hammer  wear,  chipping  and  breakage  have 
little  effect  upon  the  life  of  the  carbon.  With  tlie  mod- 
ern commutating  pole  motor,  with  undercut  commuta- 
tor, there  is  good  commutation  with  very  little  burning 
action  and  minimum  end  wear  of  the  carbon.  Since  the 
life  is  long,  so  far  as  end  wear  is  concerned,  the  effect 
of  side  wear,  hammer  wear,  chipping,  and  breakage  be- 
comes very  pronoimced,  and  in  frecjuent  cases,  deter- 
inines  the  life  of  the  carbon. 

The  operating  man  will  appreciate  what  the  use  of 
high  grade  carbons  for  electric  railway  work  means  to 
him,  from  the  following  list  of  savings. 

I — Lower  cost  of  carbons  per  car-mile. 

2 — Lower  maintenance  cost  of  carbons  per  car-mile. 

3 — Lower  maintenance  cost  of  commutators. 

4 — Lower  maintenance  cost  of  brushholders. 

5 — Fewer  pull-ins  due  to  motor  troubles. 

6 — Less  number  of  inspection  periods  per  carbon. 

7 — Reduction  of  motor  troubles. 

The  carbon  manufacturers  today,  although  pre- 
pared to  furnish  the  various  grades  of  railway  motor 
brushes  to  meet  competition,  invariably  instruct  their 
representatives  to  recommend  their  high  grade  products 
as  the  cheapest  and  most  satisfactory  brush  when 
figured  on  a  mileage  basis,  disregarding  the  many  other 
advantages  mentioned  above. 

In  the  service  test  referred  to  above,  the  question 
of  cost  of  carbons  tested  was  not  considered  until  the 
final  Hne-up  of  choice  based  on  best  all-around  test  re- 


sults was  made.  In  table  IV  the  corresponding  relative 
cost  values  are  given  in  percentages. 

TABLE  IV— RELATIVE    COST    WHERE    100   PERCENT 
REPRESENTS    THE    MOST    EXPENSIVE   CARBON 


Choice  based  on  Best  all 

around  Test  results 

Carbons 

Cost  in  Percent 

1 

D 

100 

2 

C 

88 

3 

H 

79 

4 

F 

56 

5 

D 

60 

6 

A 

45 

7 

E 

42 

8 

G 

42 

In  reviewing  this  tabulation,  it  is  interesting  to  note  that 
the  most  expensive  high  grade  brush  made  the  best 
showing  in  service,  and  this  relation  is  correspondingly 
true  down  the  entire  line,  with  one  exception.  This  test 
at  least  partly  demonstrates  that  quality  counts. 

In  general  maximum  mileage  can  be  obtained  from 
direct-current  railway  carbons  at  a  reduced  maintenance 
cost  by  observing  the  following  recommendations : — 
I — Brushes — 

Use  a  high  grade  carbon. 

Use  an  unplated  carbon. 

Use  carbons  that  are  a  snug  fit  in  carbon  box. 

Use  a  carbon  that  is  2  inches  long  when  new. 

2 — Brushholders — 

Keep   spring   pressures,   approximately   5   to    7   lbs.   per 

sq.  in. 
Keep  contact  tips  in  good  repair. 
Keep  shunts  intact  and  well  secured  at  both  ends. 
Keep  inside  of  carbon  box  smooth. 
Keep  moving  mechanism  clean  and  lubricated. 

3 — Commutator — 

See  that  it  is   undercut   A   in.   maximum,   ci   in.   mini- 
mum. 
See  that  its  face  is  kept  smooth. 
Sec  that  oil  and  dirt  are  eliminated. 
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FIG     7 — H\IUIHF1IL\I    eiiMKisllE  CUR\  F  OF  BRUSH    I  IFC 

Based  on  a  modern,  medium-grade  caibon  on  a  non-com- 
mutating  pole  motor. 

4— Motor- 
Should  have   snug  fitting  bearings. 
Should  have  brush  holders  properly  spaced. 
Should  have  brush  holders  set  tV  in.  from  commulator 

face. 
Should  be  free  from  dirt*  and  dust. 
Should  have  non-rigid  mounting. 
5 — General — 

Maintain  systematic  and  regular  inspection. 

Insist    on    careful    handling   of    the   equipment    by    the 

motormcn. 
Maintain  track  in  good  condition. 


V  I 


l^^ht  Mm{\<\}^^)  Oil  t\m  Cml^c  Yalloy  lload 


A.  B.  Cole 

The  movement  of  the  enormous  wheat,  corn  and  cotton  crops,  and  mining  and  industrial  products 
during  the  past  year,  has  demonstrated  conclusively  the  inadequacy  of  America's  transportation  system. 
Increased  shipping  facilities  are  imperative  if  we  are  to  keep  abreast  of  our  increasing  agricultural,  in- 
dustrial and  commercial  growth.  This  is  an  opportiine  time  for  electric  traction  to  come  into  its  own  as 
an  important  factor  in  the  solution  of   this  economic  problem. 

Freight  haulage,  the  great  revenue  builder  of  the  electric  railway,  is  well  worked  out,  in  regard  to 
methods  of  securing  and  handling  traffic,  on  the  Waterloo,  Cedar  Falls  &  Northern  Railway.  "A  steam 
railroad  with  a  trolley  wire  over  it"  completely  conveys  the  idea  of  the  substantial  manner  in  which  this 
electric  railway  has  been  constructed;  its  operation  demonstrates  conclusively  that  an  electric  railway, 
desiring  to  enter  this  much  neglected  but  lucrative  field,  may  perfect  its  organization  and  successfully 
increase  its  revenue.     (Ed.) 


THE  Waterloo,   Cedar  Falls  &   Northern   Railway 
Company,  known  as  "The  Cedar  Valley  Road," 
operates    a    system    of    electric    railway    lines 
through  the  Cedar   River  valley  from   Waverly  on  the 
nnrth  to  Cedar  Rapids   on  the  south.  When   first  built, 
although  entirely  surround- 
ed  by   steam   railroads,   as 
shown  in  Fig.  2,  this  road 
branched  out  into  exclusive 
territory,    striking    several 
progressive    communi  ties 
which  were  not  served  by 
any  railroad.    The  country 
traversed  consisted  princi- 
pally   of    rich    agricultural 
lands,  ranking  with  die  best 
in    Iowa,    which    have    in- 
creased in  value  25  percent 
^-   ■      on  account  of  the  excellent 
\    r  COLE  transportation    facilities   at 

present  afforded.     The  cities  connected  are  prosperous 
manufacturing  centers.     Some  of  the  towns  along  this 


organized  methods  of  securing  business.  In  addition  to 
the  extensive  facilities  for  handling  freight,  such  as 
grain  elevator  locations  and  stock  yards,  as  shown  in 
Figs.  3,  4,  5,  6  and  7,  several  excellent  schemes  are  pur- 
sued to  increase  traffic  that  might  be  easily  overlooked. 


FIG.    2 M.\P   OF    WATERLOO,    CEDAR    FALLS    &    NORTHERN 

RAILWAY    SYSTEM 

Business  to  or  from  any  point  in  the  United  States  is 
fostered  by  a  very  comprehensive  arrangement  by  which 
die  general  freight  and  passenger  agent  spends  about 
half  his  time  visiting  the  various  trunk  points  through- 
out the  country.  His  work  is  followed  by  special  agents 
and  representatives  of  foreign  lines  with  whom  this  road 


FIG.    I — 60   TON   LOCOMOTIVE    HAULING    HEAVY   TONNAGE   TRAIN 

Across  seven  span  concrete  bridge  over  Cedar  River. 


route  have  doubled  in  population  since  the  road  was 
built. 

TK.\FFIC 

One  of  the  secrcis  of  tlie  rapid  and  extensive 
growth  of  the  Waterloo.  Cedar  Falls  and  Northern  Rail- 
way has  been  its  complete  traffic  arrangements,  and  well 


has  business.  Competitive  points  on  the  road  are  visited 
by  the  traveling  freight  agent  who,  for  example,  en- 
deavors to  educate  elevator  men  to  ship  their  grain  over 
the  Waterloo,  Cedar  Falls  &  Northern  Railway.  Also  in 
this  way,  other  commodities  which  have  their  origin  on 
this  road  are,  wlienever  possible,  routed  via  the  electric 
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line.  Statistical  records  are  compiled  by  the  traffic  de- 
partment of  business  by  firins,  by  towns  and  by  compari- 
son reports. 

Reciprocal   switching  arrangements  exist  between 
the  Waterloo,  Cedar  Falls  &  Northern  Railway,  and  all 


FIG.    3 TYPIC.\L    FREIGHT    ST-\TIUX 

Showing  way  freight  on  passing  track,  switching  over  to 
industrial  track.  The  elevators  in  the  back  ground  are  located 
on  leased  property  owned  by  the  railroad. 

trunk-lines  making  connections  in  cities  served  by  the 
electric  line,  which  enable  business  from  industries 
located  on  other  roads  to  be  handled  the  same  as  if  thev 


FIG.   4 LO.\DING    .\    C.\R    WITH    GRAIN    DIRECTLY    FROM    THE    W.\GOX 

were  on  the  electric  line.  Thus,  an  industry  can  be 
reached  by  the  "Cedar  Valley  Road"  in  any  of  the  cities 
served  by  it,  no  matter  whether  the  industry  is  located 


FIG.    5 — SHOP   y.\RD   PERRICK 
For  loading  and  unloading   freight 


j\.  milling  in  transit  arrangement  permits  grain, 
coming  from  points  on  the  electric  line,  its  trunk-line 
connections  and  also  other  points  in  Iowa  and  surround- 
ing states,  to  be  milled  in  transit,  and  then  sent  to  desti- 
nation on  its  original  way-billing  as  a  completed  pro- 
duct. For  example :  a  car  load  of  corn  is  shipped  from 
La  Porte  City,  la.  to  Chicago.  While  in  transit  it  is  "set 
out"  at  Cedar  Rapids  and  the  corn  is  milled  into  starch, 
and  then  sent  on  to  Chicago,  via  the  steam  line,  on  the 
(H-itjinal  billing;. 


FIG.    6 — ROCK    CRUSHER — .V    SOURCE   OF    HEAVY    TO.NNAGE    FREIGHT 

By    providing    suitable     facilities     for    various     industries 
along  the  right  of  way  much  freight  business  is  produced. 

The  diversity  of  business  is  remarkable.  In  Water- 
loo alone  there  are  loi  different  manufacturing  plants; 
the  principal  ones  being  the  Waterloo  Gas  Engine  Com- 
pany, which  manufactures  gasoline  engines,  separators, 
cement  mixers,  and  farm  machinery ;  the  William  Gallo- 
way Company,  doing  a  large  mail-order  business  of 
about  one  car  per  day ;  and  also  a  pork  packing  plant. 
Three  thousand  different  articles  are  manufactured  in 
Waterloo  factories. 

The  company  handles  freight  to  and  from  connect- 
ing steam  trunklines.  Freight  from  eastern  points  is 
delivered  on  the  system  early  the  fifth  morning  out, 
while  second  morning  delivery  is  made  from  Chicago  in 


on  it  or  not.  Also,  by  such  an  agreement,  business  can  be 
solicited  regardless  of  where  it  is  located. 


FIG.    7 — MAIN    LINE,    PASSING    AND    INDUSTRIAL    TRACKS    .\T 
BRANDON,    IOWA 

conjunction  with   the  Chicago,    Milwaukee    &  St.  Paul 
and  the  Chicago  &  Great  Western  Railroads. 

STATION  FACILITIES 

The  mileage  between  the  important  way  stations  on 
this  line  made  it  possible  to  build  a  combination  passen- 
ger, freight  and  substation  at  nearly  every  point.  The 
standard  design  includes  a  building  of  brick,  concrete 
and  steel,  loi  feet  in  length,  and  22  feet  in  width.  The 
substation  occupies  30  feet  at  one  end  of  the  building. 
A  ticket   oflice  extends  12   feet  across  the   width  of  the 
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building,  and  a  waiting  room  i6  feet  long  and  a  freight 
room  36  feet,  long  occupy  the  other  end  of  the  building. 

The  usual  station  facilities  include  a  team  track, 
well-built  stock  pens,  grain  elevators,  and  loading 
chutes,  a  topical  arrangement  being  shown  in  Fig.  7. 
The  station  proper,  wherever  possible,  iricludes  a  tract 
of  land  approximately  300  by  2000  feet  in  length,  per- 
mitting the  railway  to  offer  attractive  long  term  leases 
for  grain  elevators,  milling  facilities,  etc. 

The  extensive  freight  operations  of. this  company  in 
Waterloo  made  necessarj'  a  large  freight  station  with 
yards  adjacent  to  the  wholesale  district  and  close  to  the 
principal  business  district.  This  freight  house  is  a  one 
story  brick  structure  with  a  two  story  office 
end  with  basement.  .  On  the  team  side  of 
the  building,    there  are   five    sliding   steel  ^ 

doors  sufficient  in  width  to  accommodate 
two  teams,  while  the  track  side  is  composed 
entirely  of  rolling  steel  doors,  eighteen  in 
all.  This  arrangement  makes  it  possible 
to  run  a  string  of  empty  cars  onto  the  sid- 
ing without  the  necessity  of  ' '  spotting 
them  so  that  the  car  and  freight  house 
doors  will  be  exactly  opposite,  a  procedure 
which  is  not  always  easy  or  convenient. 
Under  the  present  arrangement  it  is  possi- 
ble to  open  up  the  freight  house  to  a  car 
vvherever  it  may  be  located  on  the  track. 
Three  tracks  extend  into  the  freight  yard, 
can  be  spotted  at  the  freight  house  per  track,  or  by 
trucking  through  cars,  15  cars  can  be  loaded  at  one  time. 

The  company  does  a  considerable  business  in  hand- 
ling perishable  goods,  and  has  accordingly  built  in  one 
corner  of  the  freight  house  a  warming  room,  about  17 
feet  square,  which  is  provided  for  icing  in  the  summer 
and  for  heating  in  the  winter.  Heated  car  service  is  run 
twice  a  week  during  the  winter  and  more  often  if  neces- 
sary to  handle  the  business.  Charcoal  heaters  are  used 
in  refrigerator  cars  to  heat  tliem  in  cold  weather. 

GENERAL  FREIGHT  SERVICE 

Ihe  Waterloo,  Cedar  Falls  and  Northern  Railway 
follow  standard  steam  practice  in  handling  its  freight 
service.  The  freight  trains  are  hauled  by  five  60-ton  lo- 
comotives, each  equipped  with  four  250  hp  motors, 
which  make  the  run  between  Waterloo  and  Cedar 
Rapids  in  three  hours.  These  locomotives  can  each 
handle  an  800-ton  train  at  24  miles  per  hour. 

On  the  main  line  or  Cedar  Rapids  division  there 
are  two  regularly  scheduled  local  freight  trains  per  day, 
one  each  way.  The  train  from  Cedar  Rapids  to  Water- 
loo is  on  the  road  from  7 140  A.  M.  to  2.05  P.  M.  It  acts 
as  a  way  freight,  picking  up  all  local  cars  and  less-than- 
car-load  freight,  and  generally  handles  about  900  tons. 
The  train  from  Waterloo  to  Cedar  Rapids  is  on  the  road 
from  5.35  A.  M.  to  12.25  P-  M.  This  train  picks  up 
stock  along  the  road  for  next  morning  delivery  at 
Chicago,  and  twice  a  Mce-;  ;;  butter  and  egg  loading  car 
is  picked  up  for  the  Ei-ii.;'.-  ■  market.  This  train  also 
handles    all    l.c.l.    Eastbr  freight.     Two  regularly 


scheduled  time  freight  trains  are  also  run  per  day.  These 
are  both  heavy  tonnage  trains  and  handle  all  through 
cars  such  as  automobile,  machinery  and  coal  shipments, 
etc.,  amounting  usually  to  about  900  tons  load  daily. 
The  train  from  Waterloo  to  Cedar  Rapids  is  scheduled 
so  that  the  Cedar  Rapids  transfer  is  reached  with  home 
bound  empty  cars  in  time  to  have  them  "set  out"  before 
midnight,  thus  eliminating  any  chance  for  additional  per 
diem  charges.  Shipments  over  the  Illinois  Central  and 
the  Chicago  &  Great  Western  Railroads  routed  by 
Waterloo  are  handled  on  these  trains. 

The  freight  .service  on  the  Cedar  Falls  and  Waverly 
divisions    is   handled   by   three   40-ton   motor   package 


FIG.   8- mi-    ur     l.\Ll..\uL    i-AK    LjKli    iiN    WAVKUI.V    _\>.l' 
Ci;n.\R    F.\LI.S    DIVISIONS 

I,ess-than-car-load    freight   is   carried  in  the  package  car  and  loaded 
licight  cars  are  hauled  by  the  car. 


cars,  shown  in  Fig.  8,  which  not  onl}-  handle  l.c.l. 
freight,  but  haul  freight  cars  for  car-load  shipments 
from  the  East,  delivered  at  Waterloo  by  the  Cedar 
Rapids  train,  as  well  as  outbound  freight.  Two  local 
freight  trains  make  round  trips  twice  a  day  on  each  of 
these  divisions. 

A  freight  bell  line  belonging  to  the  Waterloo, 
Cedar  Falls  &  Northern  Railway,  7.5  miles  long,  extends 
around  the  factory  district  of  Waterloo,  tying  together 
all  steam  lines  entering  Waterloo.  This  freight  belt  line 
serves  all  of  the  important  manufacturing  plants  in 
Waterloo.  The  serving  of  these  industries  requires  two 
yard  engines  and  one  trap  car  as  shown  in  Figs.  9  and 


I-IG.   9— TYl'E  OF   SWITCHING  LOCOMOTIVE  USED    IX   CELT   LINE 
Y.\RD   SERVICE 

10.  The  electric  locomotives  are  used  to  deliver  carload 
raw  materials  and  take  away  finished  products  in  car- 
load lots  to  and  from  the  different  divisions  of  the 
\\'aterloo  and  Cedar  Falls  railway  systems  and  the 
steam  railroad  interchanges. 

Trap  car  service   is  provided   by  a   flat   car  of    30 
tons  capacity  equipped  with  four  40  hp  motors.  This  car 
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calls  at  definite  periods  at  the  various  manufacturing  in- 
terests of  Waterloo,  securing  the  smaller  freight  ship- 
ments, which  are  conveyed  to  the  East  \\'aterloo  freight 
house  for  mixed,  or  less-than-carload  shipments.  The 
trap  car  also  calls  at  the  East  Waterloo  freight  house  of 
the  Chicago  &  Great  Western  Railroad  and  the  office  of 
the  Wells  Fargo  Express  Company  for  l.c.l.  and  express 
shipments,  respectively.  These  last  two  points  are 
reached  by  track  existing  on  city  streets  and  used  by  the 
trap  car  only.  In  a  typical  month,  the  Cedar  Rapids 
division  hauled  471  loaded  cars  and  308  empties,  making 
a  total  of  25  168  tons.  East;  and  788  loaded  cars  and  70 
empties,  totaling  41  366  tons  West.  The  entire  system 
during  this  same  month  hauled  1584  loaded  cars  and  536 
empties,  totaling  83  234  tons ;  in  addition  to  which  the 


tween  Cedar  Rapids  and  Waterloo,  forms  a  connecting 
link  and  feeder  to  the  steam  roads  in  Cedar  Rapids.  In- 
terchanges, laid  out  in  general  according  to  the  plans 
shown  in  Fig.  11,  are  made  in  connection  with  the  steam 
railroads  at  all  junction  points. 


Used    for   picking   up   less-than-car-load    freight    from   the 
belt  hne  industries  around  Waterloo. 

Waterloo  belt  line  handled  1717  loaded  cars  and  1504 
empties  in  switching  service.  From  the  foregoing  it  can 
easily  be  seen  that  the  manufacturing  interests  of 
Waterloo  are  provided  by  the  Cedar  Valley  Road  with 
one  of  the  highest  class  and  most  efficient  services  that 
could  be  desired  for  both  car-load  and  less  than  carload 
shipments. 

ST1:AM  railroad  INTIiRCMANGi: 

The  Waterloo,  Cedar  Falls  &  Northern  Railway 
was  the  pioneer  electric  line  to  compel  steam  railroads 
to  interchange  freight  with  electric  lines.  As  a  result, 
over  70  percent  of  the  switching  from  steam  roads  en- 
tering Waterloo  is  performed  by  the  electric  line,  since 
many  of  the  loi  factories  of  Waterloo  are  located  on 
the  electric  belt  line.  Also,  a  beltline  .service  is  furnished 
by  the  Cedar  Rapids  Terminal  Transfer  Company, 
which  receives  freight  from  the  Waterloo,  Cedar  Falls 
&  Northern  Railway  and  from  all  of  the  steam  and  in- 
terurban  roads  entering  Cedar  Rapids,  distributing  it 
and  doing  local  switching.  By  this  freight  transfer  line, 
the  steam  roads  entering  Cedar  Rapids  are  able  to  enjoy 
the  business  of  a  northern  territory  from  which  they 
had  been  unable  to  receive  freight  previous  to  the  con- 
struction of  the  transfer  line  and  the  "Cedar  Valley 
Road."  In   other   words,  this   60-mile   electric   line  be- 


ne.   II — FREIGHT   INTERCHANGE   WITH    THE  CHICAGO 
WESTERN    RAILROAD    AT    WAVERLY,    IOWA 

hiicrchamje  Inspection — In  operating  the  extensive 
interchange  service  of  the  "Cedar  Valley  Road"  it  is 
very  important  to  see  that  the  M.C.B.  rules  of  inter- 
change are  properly  carried  out,  and  in  addition  to  this 
proper  account  must  be  made  of  car  repairs.  Also,  a 
thorough  inspection  system  is  necessary  to  see  that  for- 
eign cars  received  on  the  system,  and  also  those  being 
sent  froin  the  system,  have  their  condition  properly  de- 
termined. Thus  in  the  event  of  defect  the  responsibility 
may  be  placed  on  the  proper  road.  At  the  shop  yards  of 
the  Waterloo,  Cedar  Falls  &  Northern  is  located  a  "rip 
track"  and  on  this  track  all  defective  cars  that  must  be 
.  repaired  by  the  Cedar  Valley  Road  are  placed  in  first 
class  condition. 

I'ASSF.XGER  SERVICi: 

On  the  1300-volt  line  between  Cedar  Rapids  and 
Waterloo,  a  high-speed,  limited  passenger  service  is 
furnished  by  four  steel  combination  passenger  and  bag- 
gage cars  and  three  standard  parlor  cars.  The  cars  for 
this  service  weigh  94  000  pounds  each  and  are  equipped 
with  four  125  horse-power  motors  geared  25:52  to  36 
inch  wheels.  The  parlor  cars  resemble  those  of  a  steam 
road    in  e\erv   detail  with  the   exception  that   they  are 
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eciuipped  with  motors  and  will  run  in  train  with  a  com- 
bination passenger  motor  car.  The  time  for  the  60  mile 
run  between  Waterloo  and  Cedar  Rapids  is  one  hour 
and  45  minutes.  No  controllers  are  used  on  the  parlor 
cars,  the  motors  being  controlled  by  jumpers  from  the 
leading  motor  car.  The    couplers  between    cars  are  en- 
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tirely  automatic,  as  shown  in  Fig.  12.  The  combination 
cars  have  HL  control  equipment  which  provides  for  full 
speed  on  1200  volts  and  half  speed  on  600  volts. 

Each  car  has  its  individual  change-over  switch  con- 
trolled by  a  master  switch  in  the  leading  car,  and  all  cir- 
cuits in  each  car  requiring  different  connections  for  650 
and  1300-volt  operation  are  changed  in  this  switch.  A 
change-over  line  is  made  continuous  by  means  of  stand- 
ard receptacles  and  jumpers  throughout  a  train  made  up 
of  any  number  of  types  of  cars.  The  light  circuits  are 
also  fused  and  switched  in  a  cabinet  at  the  front  of  the 
car,  but  the  change-over  function  is  supplied  at  the  lead- 
ing motor  car  in  all  cases,  This  location  of  the  master 
change-over  switch  was  made  so  that  by  a  single  oper- 
ation the  motorman  on  the  leading  car  could  close  all 
circuits  in  the  two-car  train  when  passing  from  600  to 
1300-volt  power.  Air  for  the  control  and  brakes  on  the 
parlor  car  is  supplied  from  the  compressor  equipment  on 
the  leading  car. 

The  local  passenger  service  between  Waterloo  and 
Cedar  Rapids  is  performed  with  35-ton  motor  cars 
equipped  with  four  100  horse-power  Westinghouse 
motors,  and  when  traffic  demands  a  25-ton  trailer  is 
hauled.  These  cars  make  the  run  in  approximately  two 
and  one-half  hours,  making  all  stops. 

Passenger  traffic  interchange  arrangements  enable 
the  Waterloo,  Cedar  Falls  &  Northern  Railway  to  sell 
tickets  to  all  points  in  the  United  States  and  Canada. 
Another  special  service  is  the  handling  of  complete 
trains,  consisting  of  sleepers  and  baggage  cars,  from 
connecting  steam  lines. 

FLEXIBILITY  OF  EQUIPMENT 

All  apparatus  has  been  equipped  with  the  idea  of 
making  it  possible  to  couple  up  into  a  train  every  car 
and  locomotive  on  the  system.  This  has  been  accom- 
plished by  using  one  type  of  change-over  switch  and 
the  same  size  receptacles,  etc.,  on  all  equipment  To  il- 
lustrate, if  it  is  desired  to  use  a  steel  parlor  car  as  a 
"dead"  trailer  behind  a  locomotive,  it  is  only  necessary 
to  couple  on  the  locomotive  and  couple  up  the  jumpers. 
The  change-over  switch  in  the  steel  parlor  car  is  con- 
trolled by  the  locomotive,  thus  providing  light,  etc.,  as 
if  the  parlor  car  was  made  up  in  its  regular  train.  On 
special  days  it  is  often  necessary  to  make  up  trains  con- 
sisting of  almost  any  conceivable  combination.  The 
flexibility  of  the  control  under  all  possible  conditions  is 
well  demonstrated  in  this  case  by  the  fact  that  1300-volt 
and  650-volt  equipment  can  be  operated  in  train  on  tlie 
650-volt  district  without  any  care,  other  than  making 
the  couplings. 

CITY    SERVICE 

Quick  service  car  operation  was  instituted  in 
Waterloo  in  December  1915.  During  the  year  1915  the 
receipts  of  the  city  system  had  been  gradually  falling 
off,  so  that  tlie  management  felt  that  some  step  should 
be  made  to  curtail  the  cost  of  operation  without  impair- 
ing the  service  in  any  way.    During  the  first  part  of  De- 


cember the  company  placed  quick  service  cars  in  opera- 
tion on  all  but  one  line,  and  since  that  time  all  the  city 
service  has  been  equipped  with  these  cars. 

The  fact  that  a  number  of  the  factories  of  Water- 
loo are  located  on  the  outlying  districts  of  the  city,  has 
much  to  do  with  the  rate  of  return  from  the  passenger 
business.  Waterloo  has  a  number  of  small  parks  sit- 
uated in  different  parts  of  the  city,  all  of  which  are 
touched  by  the  city  line.  A  Chatauqua  Park  in  East 
Waterloo,  The  Railway  Company's  Electric  Park  and 
Sans  Souci  Park,  also  serve  to  stimulate  traffic. 

POWER  EQUIPMENT 

A  steam  turbine  power  station,  containing  two  1 500 
k.v.a.,  2300  volt,  three-phase,  1500  r.p.m.  steam  tur- 
bines and  one  300Q  k.v.a.  turbine  of  tlie  same  charac- 
teristics is  located  near  the  junction  of  the  Rock  Island 
and  Great  Western  systems  in  West  Waterloo.  This 
location  gives  ready  access  to  both  the  Iowa  and  Illinois 
coal  fields  and  an  excellent  supply  of  water.  The  cur- 
rent is  stepped  up  from  2300  to  44000  volts  for  trans- 
mission to  the  substations.  Formerly  the  entire  system 
of  the  Cedar  Valley  Road  was  operated  at  650  volts. 
But  while  the  new  line  from  Waterloo  to  Cedar  Rapids 
was  being  built  the  freight  and  passenger  business  had 
grown  to  such  an  extent  that  it  was  found  advisable  to 
change  the  trolley  voltage  on  this  branch  to  1300  volts 
and  to  space  the  substations  from  16  to  17  miles  apart. 
There  are  twelve  of  tlie  new  1300  volt  substations,  seven 
of  the  older  650  volt  substations  and  one  substation  for 
both  the  650  and  1300  volts.  Practically  all  of  the  sub- 
stations are  of  500  kw.  capacity. 

POWER  DEMANDS 

Passenger  train  power  demands  form  a  certain 
fixed  value  per  train,  depending  upon  the  speed  of  the 
equipment.  All  passenger  cars  having  motors  larger 
than  100  hp  are  equipped  with  an  ammeter,  and  the  mo- 
tormen  are  taught  economical  acceleration  by  the  use 
of  the  meter.  When  a  freight  train  meets  a  large 
motored  passenger  train  at  a  substation  point,  the 
freight  train  is  required  to  remain  idle  until  the  pas- 
senger train  has  reached  balancing  speed  and  current 
before  moving.  The  freight  engineer  is  also  taught  to 
accelerate  and  operate  his  train  with  an  ammeter  as  his 
guide,  taking  advantage  of  the  profile  of  the  track  in 
moving  the  train.  The  19-point  HL  control  equipment 
of  the  locomotives  makes  it  possible  to  accelerate  and 
run  an  800  ton  freight  train  with  no  longer  peaks  than 
are  required  by  one  two-car  high-speed  limited  passen- 
ger train. 

OVERHEAD  CONSTRUCTION 

All  overhead  lines  with  the  exception  of  the  one 
between  Waterloo  and  Cedar  Rapids  are  standard  direct 
suspension  construction,  in  general  a  0000  trolley  wire 
and  0000  feeder  are  used.  The  1300-volt  line  from 
Waterloo  to  Cedar  Rapids  is  of  the  five  point  catenary 
construction  with  150  foot  pole  spacing  on  tangent 
track,  the  poles  being  40  feet  long. 
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HOT    STRINGING    LINE    CAR 

To  facilitate  repairs  and  the  construction  of  over- 
head Hnes,  a  Hne  car  has  been  built  from  an  old  four- 
motor  double-truck  car.     As  shown  at  the  left  in  Fig. 


the  gross  earnings  have  shown  a  consistent  increase, 
but  the  results  of  the  construction  expenditures  are  just 
beginning  to  show  their  proportion  of  the  net  increase. 
The  gross  earnings  for  the  fiscal  year  ending  March  31, 


FIG.    13 — E.\ST   \V-\TERLOO   CAR  B.\RS 

The  hot  stringing  line  car  is  shown  at  the  left. 


13,  it  is  fitted  with  an  adjustable  platform  with  a  fold- 
ing rail  on  all  sides.  The  platform  can  be  raised  a  maxi- 
mum of  five  feet  by  light  cables.  In  addition  to  the  ad- 
justable platform,  a  24  inch  run  way  provided  with  a 
low  pipe  guard  rail  extends  the  full  length  of  the  roof 
on  both  sides  of  the  monitor  deck.  A  permanent  reel 
rack  is  substantially  mounted  in  the  center  of  the  car 
body  near  the  elevated  platform  standard.  It  is 
standard  practice  on  this  road  to  string  the  trolley  and 
messenger  wires  with  current  on  the  line.  In  order  to 
accomplish  this,  two  twelve-inch  sheaves  are  placed  in 
the  front  end  of  the  car,  from  which  the  wires  pass 
over  the  elevated  platform  where  the  linemen  can  tie 
them  in  at  each  pole. 

OPERATING  REVENUE 

A  statement  of  the  gross  earnings  of  the  year  end- 
ing June  30,  1917,  and  the  cost  of  operation  is  given  be- 
low : 

Gross  earnings $868  268.39 

Operating  expenses  and  taxes    485  943-99 

Net  earnings 382  324.40 

The  freight  earnings  amount  to  about  40  percent 
of  the  gross  income.     As  will  be  noted  from  Fig.   14, 


1917  show  an  increase  11.2  percent  over  a  corresponding 
period  in  1910,  and  the  present  gross  increase  per  month 
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shows  a  net  gain  in  excess  of  six  percent  over  the  cor- 
responding month  of  last  year.  July  has  always  been 
the  busiest  month. 
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J.    V.    DOBSON 

ELEVEN  hundred  and  ninety-five  electric  locomo- 
tives have  been  placed  in  revenue  service  on  the 
railroad  systems  throughout  the  world.  The 
gross  weight  of  these  locomotives  is  87  270  tons.  These 
figures  exclude  all  locomotives  of  less  than  25  tons 
weight,  all  mining  and  all  industrial  locomotives.  The 
distribution  of  the  1195  locomotives  is  indicated  in 
Table  I. 

In  comparison  with  the  large  quantity  of  steam  lo- 
comotive equipment  this  number  is  small.  However, 
when  one  considers  the  development  made  during  the 
few  years  since  the  electric  locomotive  was  first  con- 
ceived, these  figures  are  indeed  significant. 
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Some  twenty-three  years  ago  the  first  electric  loco- 
motive was  placed  in  service  in  the  United  States.  This 
summer  sees,  on  the  electrified  trunk  line  section  of  the 
Pennsylvania  Railroad  at  Philadelphia,  the  testing  of  a 
single-cab  locomotive,  developing  4000  brake  horse- 
power continuously  and  weighing  250  tons. 

The  steam  locomotive  has  also  enjoyed  a  similar  de- 
velopment. For  some  years  it  un  I-  .en:  r;  period  of 
delayed  improvement.  Then  \v-.>:  ine  necessity  for 
more  powerful,  more  efficient  iocomotives,  the  com- 
pound engine,  the  super-heaters  and  mechanical  stokers 
followed  in  rapid  succession.  In  size  of  freight  locomo- 
tives progress  has  been  made  from  the  consolidation  or 
2-8-0  type  of  a  few  years  ago  to  the  recent  mammoth  tri- 
plex locomotive. 

For  financial  reasons  the  railroads  of  the  United 
States  were  slow,  and  many  of  them  are  still  reluctant  to 
consider  electrification.  Some  delay  also  has  been  due 
to  a  prevalent  belief  that  the  apparatus  was  still  in  the 
experimental  stage.  Fears  along  these  lines  should  be 
allayed  by  consideration  of  the  achievements  of  such 
electrifications  as  those  of  the  Norfolk  &  Western, 
Chicago,  Milwaukee  and  Saint  Paul,  Pennsylvania,  New 
York,  New  Haven  &  Hartford  and  Grand  Trunk  rail- 
ways. Greater  activity  is  looked  for  after  the  war;  in 
fact  certain  electrifications  may  even  locally  become 
militar}'  necessities. 

Everywhere  in  the  United  States,  railroad  traffic  is 
becoming  more  congested,  and  in  consequence  the  de- 
mand for  larger  train  loads  is  growing  more  rapidly 
than  the  locomotive  capacities.  It  is  a  fact  that  some 
high  railroad  officials  pit  the  designing  engineers  of  the 
electric  locomotive  against  the  designing  engineers  of 
the  steam  locomotive  for  the  direct  purpose  of  securing 
the  maximum  capacity  locomotive  of  whatever  type.' 

When  considering  such  improvements  it  is  neces- 
sary also  to  consider  the  many  factors  which  render 
them  possible.  The  road-bed,  the  track,  the  rolling 
stock,  the  draft-gear,  the  locomotive  mechanical  parts, 
the  equipment  apparatus  all  are  closely  interlinked.  Any 
improvement  in  the  one  opens  up  new  possibilities  in  the 
others,  whereby  better  designs  may  be.  effected.  Of 
equal  importance  also  are  the  developments  in  materials 
and  in  the  methods  of  shop  manufacture. 

Improvements  in  tlie  construction  and  maintenance 
of  permanent  way  permit  increased  axle  loading  of  the 
locomotive.  This  in  turn  permits  greater  horse-power 
capacities  and  likewise  greater  horse-power  per  foot 
of  engine  length.  As  a  consequence  the  first  costs  of  a 
locomotive  can  be  decreased  over  those  of  the  earlier 
designs.  Under  the  spur  of  greater  locomotive  capac- 
ities, the  manufacturers  are  quick  to  take  advantage  of 
such  increases  in  axle  loading. 

Materials  are  now  being  developed  which  possess 
special  characteristics  that  render  them  most  suitable 
for  particular  classes  of  service.  Thus  hollow,  heat 
treated  steel  stock  or  carbon  vanadium  steel  is  now  fre- 
quently used  for  axles,  chrome-nickel  steel  for  connect- 
ing rod  pins,  heat  treated  axle  steel  and  nickel  steel  for 


shafting,  electric  furnace  steel  for  intricate  and  im- 
portant castings  and  so  forth.  The  use  of  such  ma- 
terials permits  greater  freedom  in  design.  For  in- 
stance, it  is  possible  to  design  a  shaft  of  smaller  diameter 
than  would  be  necessary  if  using  a  steel  such  as  was 
produced  several  years  ago,  or  on  the  other  hand  it  is 
possible  to  secure  a  greater  factor  of  safety  in  a  shaft  of 
the  same  dimensions.  Likewise  it  is  possible  to  go  to 
increased  armature  speeds  when  it  is  known  that  the 
materials  entering  into  the  rotor  construction  are  of 
considerably  higher  grade  to  withstand  centrifugal 
stresses. 

Refinements  in  the  method  of  shop  maiiufaclure 
have  gone  far  to  produce  apparatus  of  increased  relia- 
bility. Close  tolerances,  accurate  machined  fits,  im- 
proved insulation  of  motor  coils,  etc.,  all  play  a  large 
part  in  the  locomotive  construction  of  today. 

It  is  necessary,  therefore,  to  consider  the  electric 
locomotive  and  motor  car  in  the  light  of  the  very  rapid 
developments  since  its  inception.  The  locomotive  of 
present  design  differs  very  materiallj'  from  the  locomo- 
tive of  only  a  few  years  ago.  Not  only  is  this  true  from 
the  standpoint  of  size,  capacity  and  general  design,  but 
also  and  more  particularly  is  it  true  because  of  the 
many  more  minute  details  which  so  materially  affect 
reliability  and  cost  of  maintenance. 

The  correct  mathematical  determination  of  the 
stresses  set  up  in  strained  sections  due  to  track  vibra- 
tions is  at  present  an  indeterminate  problem  in  both  the 
steam  and  electric  locomotive.  A  qualitative  analysis 
of  such  stresses  can  be  made,  but  in  the  absence  of 
quantative  data  it  becomes  necessary  for  the  engineer 
to  build  around  the  experience  of  what  has  previously 
worked  out  satisfactorialy. 

Since,  due  to  its  position,  the  motor  is  subjected  to 
mechanical  vibrations,  it  has  to  account  for  a  good  share 
of  the  locomotive  maintenance.  Proper  handling  of 
these  vibrations  in  the  electric  locomotive  has  been  ac- 
complished by  the  development  of  the  spring  borne 
motor,  the  quill  drive  and  flexible  gear.  By  such  means 
the  motors  are  protected  from  many  injurious  shocks. 

On  some  of  the  earlier  motors,  loose  iron  developed 
in  the  armature  cores.  This  caused  grounding  of  the 
coils,  and  consequently,  extensive  repairs.  This  condi- 
tion has  been  met  effectually  by  making  a  close  fit  of  the 
punching  on  the  spider,  and  by  forcing  the  iron  into 
place  at  higher  pressure  during  the  building.  The  earlier 
practice  was  to  press  bunches  of  laminated  iron  of,  say, 
two  or  three  inches  thickness  at  about  20  tons  pressure. 
The  present  practice  is  to  press  such  bunches  at  from 
40  to  60  tons  and  \\hen  the  complete  core  is  assembled, 
to  give  a  final  pressing  at  70  to  90  tons.  The  iron,  still 
under  hydraulic  pressure,  is  then  locked  in  place  by 
end  rings.  On  the  smaller  motors  these  rings  are  held 
in  place  by  being  threaded  and  screwed  on  to  the  spider. 
For  the  larger  motors  they  are  secured  by  longitudinal 
bolts  through  the  cores.  The  use  of  keys  placed  cir- 
cumferentially  in  the  end  ring  has  been  discontinued. 
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More  or  less  burning  out  of  armatures  has  occurred 
since  railway  electrification  began,  but  there  is  much 
less  trouble  from  burned  out  motors  now  than  there 
used  to  be.  This  is  very  largely  because  the  application 
engineers  can  specify  more  exactly  the  equipment  for 
the  required  service  and  because  the  equipments  can  be 
designed  more  accurately  to  fit  those  service  conditions. 
Operation  also  must  be  correct,  for  it  is  possible  to 
overload  an  electric  locomotive  injuriously,  whereas  the 
steam  locomotive  simply  fails  to  develop  an  overload. 

The  melting  of  solder  at  the  neck  of  the  commuta- 
tor has  given  rise  to  considerable  trouble.  This  molten 
solder  would  flow  under  the  insulation  and  between  the 
rotor  coils,  roasting  their  insulation  and  causing  short- 
circuits.  To  overcome  this,  the  contact  area  of  soldered 
joints  has  been  considerably  increased. 

One  of  the  most  difficult  problems  confronting  the 
designing  engineers  on  driving  motors  is  that  of  brush 
holders.  This  has  commanded  a  great  deal  of  engi- 
neering talent  and  many  designs  of  greater  or  less  value 
have  been  produced.  Just  here  one  may  cite  particu- 
larly what  has  been  done  by  use  of  better  materials, 
improved  shop  methods  and  improved  design.  The  car- 
bon manufacturers  have  made  special  studies  to  deter- 
mine most  suitable  brushes  for  railway  service  and  very 
much  in  this  respect  has  been  accomplished.  At  first 
too  little  attention  was  given  to  the  clearance  from  the 
brush  to  the  box.  The  brush  is  now  manufactured 
within  the  close  allowance  of  four  mils  in  thickness.  The 
brush  box  similarly  is  kept  within  limits  of  two  mils. 
This  small  tolerance  secures  interchangeability  of  all 
brushes  and  at  the  same  time  provides  free  movement 
of  all  brushes  in  the  box.  Considerable  development 
also  has  been  made  in  brush  springs,  harness  etc. 

With  regard  to  commutators,  history  may  be  di- 
vided into  two  distinct  periods.  At  first  an  endless 
amount  of  trouble  occurred  in  not  being  able  to  secure 
a  solid  construction.  Either  the  bars  were  loose  on  the 
commutator  spider  in  assembly  or  else  they  became 
arch  bound  and  after  slight  service  they  became  loose. 
This  defect  however  was  overcome  several  years  ago. 
Then  trouble  occurred  due  to  high  mica  between  com- 
mutator segments  which  produced  serious  brush  chat- 
tering and  consequent  flashing.  This  was  overcome  by 
undercutting  the  mica  to  a  'depth  of  one-sixteenth  inch 
and  just  slightly  wider  than  the  mica  itself.  Since  that 
time  commutator  life  has  been  very  satisfactory  indeed. 

On  alternating-current  railway  motors  trouble  has 
been  experienced  in  the  grounding  of  the  auxiliary  bars 
in  the  stator  iron.    This,  in  some  cases,  is  attributed  to 


the  vibration  of  the  stator  teeth,  which  are  independent 
one  from  the  other,  and  therefore,  if  the  least  looseness 
of  iron  developed,  they  were  free  to  vibrate  and  chafe 
the  insulation.  Recent  practice  is  to  bridge  the  slots  at 
points,  say  every  sixth  or  seventh  punching  along  the 
axial  length  of  the  core  body.  This  has  the  effect  of 
tying  all  of  the  iron  in  the  core  and  teeth  together,  there- 
by preventing  the  possibility  of  any  segment  of  the  iron 
vibrating.  The  bridges  have  the  effect  of  slightly  re- 
ducing the  power- factor;  however,  the  gain  is  so  great 
that  it  easily  offsets  the  slight  loss  in  power.  Another 
means  of  reducing  the  ground  on  the  auxiliary  bars  is 
connecting  the  auxiliary  winding  for  inductive  com- 
pensation;— that  is,  tlie  coils  are  short  circuited  upon 
themselves,  and  the  voltage  is  induced  into  this  wind- 
ing by  transformer  action  from  the  armature.  This 
inductive  compensation  reduces  the  voltage  strain  to 
ground  in  the  auxiliary  winding  to  a  minimum  and 
thereby  gives  much  less  chance  for  grounds. 

Possibly  the  greatest  source  of  trouble  on  the  re- 
sistance lead  armature  has  been  that  of  breakage  of  the 
resistance  lead  at  the  point  of  soldering  on  the  commu- 
tator neck.  German  silver  resistance  coils  were  used. 
It  was  found  that  this  German  silver  coil  did  not  suc- 
cessfully withstand  the  vibration  incidental  to  railway 
service,  especially  at  the  point  where  it  was  soldered. 
This  soldering  always  tends  to  crystallize  the  metal. 
Also  the  vibration  effects  were  localized  at  this  point. 
An  attempt  was  made  to  correct  this  by  soldering  cop- 
per tips  on  the  coils.  The  copper  tip  however,  did  not 
withstand  vibration.  The  next  step  was  to  use  coils  of 
Monel  metal  which  is  far  superior  to  the  German  silver 
coils.  It  was  possible  to  use  these  coils  without  any 
other  form  of  tip.  Since  the  Monel  coil  has  been 
adopted  there  has  been  practically  no  trouble  due  to  the 
breakage  of  these  leads. 

The  transformer  conduction  type  commutator 
motor  has  replaced  the  resistance  lead  type  of  motor  on 
recent  motor-car  installations.  This  doubly-fed  type 
motor  is  without  resistance  leads  and  therefore  the 
armature  becomes  similar  in  its  construction  to  the  low- 
voltage,  direct-current  armature. 

While  the  designer  has  had  to  contend  with  many 
difficult  problems  in  the  development  of  the  electric  lo- 
comotive, the  record  which  it  has  made  for  reliability, 
service,  capacity  and  low  maintenance  indicates  that  it 
is  no  longer  an  experiment,  but  is  ready  to  take  its  place 
in  active  competition  with  the  steam  locomotive  for  all 
classes  of  service. 
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THE  SERIES-PARALLEL  system  of  control  is 
applied  to  two  motors,  or  groups  of  motors,  so 
arranged  tliat  the)-  are  connected  in  series  across 
the  line  for  acceleration  to  half  speed  and  operation  at 
this  speed.  The  motors  may  then  be  connected  in  par- 
allel and  accelerated  to  full  speed.  The  motors  must  be 
mechanically  connected  together.  Otherwise,  one  mo- 
tor may  accelerate  faster  than  the  other,  which  results  in 
unequal  distribution  of  load.  This  control  is  usually  ap- 
plied to  cars  moving  along  a  relatively  horizontal  track, 
such  as  street  railway,  interurban  and  main  line  cars 
and  locomotives.  It  is  also  used  for  cars  in  steel  mills, 
coke  plants,  etc.,  for  the  purpose  of  conveying  material 
from  one  point  to  another.  These  latter  cars  may  be 
controlled  automatically  by  a  pushbutton,  or  by  a 
standard  street  car  controller.  This  system  of  control  is 
sometimes  used  for  slope  hoists,  where  the  angle  of  the 
slope  is  small,  and  for  the  bridge  travel  of  large  ore 
bridges. 

Some  controllers  are  arranged  for  operation  in 
either  series  or  parallel,  tlie  motors  being  connected  per- 
manently in  series  or  in  parallel  by  means  of  a  change- 
over switch.  This  switch  is  interlocked  so  that  the  con- 
troller must  be  turned  to  the  off  position  before  the  con- 
nections are  changed.  An  arrangement  of  this  kind  is 
known  as  "series  and  parallel"  control.  It  has  only  a 
very  limited  application.  If  tlie  resistor  is  designed  for 
accelerating  with  one  combination  of  motors,  it  gives 
poor  acceleration  on  the  other  combination,  unless  the 
connections  to  the  resistor  are  changed,  which  furtlier 
complicates  the  control.  The  only  occasion  for  using 
such  a  control  would  be  where  there  are  considerable 
periods  of  time  when  the  apparatus  is  required  to  op- 
erate at  half  speed,  which  can  be  obtained  by  series  con- 
nection. 

The  series-parallel  control  is  usually  associated  with 
street  railway  and  steam  railway  electrifications,  which 
are  not  commonly  considered  industrial  control.  The 
system,  however,  is  applicable  to  many  industrial  rail- 
ways, to  mining  locomotives,  automobile  trucks,  and 
similar  applications,  which  are  commonly  classed  as  in- 
dustrial. A  series  of  articles  on  industrial  control  would 
therefore  be  incomplete  without  giving  the  principles  of 
this  system  of  control. 

The  advantages  of  the  series-parallel  control  are 
obtained  when  the  period  of  acceleration  extends  over  a 
considerable  period  of  time  and  represents  an  appre- 
ciable part  of  the  complete  duty  cycle.  This  is  obtained 
in  horizontal  traction  and  many  of  the  applications  al- 
ready enumerated.  A  saving  is  accomplished  when  the 
motors  are  connected  in  series,  since  the  current  drawn 


through  the  line  is  one-half  of  the  value  which  would  be' 
taken  if  the  motors  were  connected  in  parallel.  This 
is  particularly  desirable  for  starting  a  car  or  train  of 
cars  where  the  static  friction  requires  a  considerable  tor- 
que in  excess  of  the  running  torque.  W'here  the  period 
of  acceleration  is  short,  the  saving  is  often  counter- 
balanced by  the  loss  during  the  transition  period. 

The  series-parallel  control  gives  operation  at  one- 
half  normal  speed.  This  i-s  desirable  where  trolley  cars 
are  operating  through  a  congested  portion  of  the  city. 
If  the  industrial  car  is  operated  automatically,  the 
series  combination  would  give  a  slow  speed,  from  which 
tlie  stop  could  be  made  more  graduall}-  than  from  tlie 
parallel  combination.  The  reduction  in  starting  current 
may  sometimes  permit  the  use  of  smaller  feeders  for 
a  trolley  system  or  other  power  distribution.  The  ac- 
celeration of  the  motors  in  series  to  half  speed,  and  then 
in  parallel  to  full  speed,  results  in  a  saving  in  tlie  weight 
of  the  resistors,  which  is  considerably  more  than  the  ad- 
ditional weight  to  the  control  equipment,  so  that  a  net 
saving  in  the  total  equipment  is  obtained. 

The  disadvantage  of  the  series-parallel  control  is  the 
added  complication  in  additional  parts  to  the  controller. 
Where  rapid  acceleration  is  required,  the  transition 
period  from  series  to  parallel  introduces  a  time  element, 
which  is  objectionable.  For  instance,  many  industrial 
motors  are  accelerated  in  approximately  three  seconds. 
If  one  second  were  taken  for  the  transition  period,  this 
would  add  33  percent  to  the  total  time  of  acceleration. 
If  the  complete  cycle  were  completed  in  six  seconds  or 
ten  times  a  minute,  the  introduction  of  this  extra  second 
would  eliminate  one  cycle  per  minute,  which  might  be 
very  undesirable.  Even  where  the  bridging  system  is 
used  and  no  loss  is  experienced  in  the  progressive  accel- 
eration, tlie  additional  time  required  for  the  operation  of 
R,„„„r  N,oMoior  No.2Mo>or  tliB  cxtra  swltchcs  would  stlll 
,J»_^T>^^^-<?Mfl/^^^  add  a  considerable  time  ele- 
„,„     ^'""'""^  '   ment   to   the   cycle.      Where 

r^^Er<l>^'^^<i>-^    the  motor  opera' es  a  vertical 
n„,nn      ™''""'^";i.  hoist,  or  has  a  similar   load. 

.JErni^^^THW^  the  r;duction  in  torque,  which 
usual! V  occurs  at  the  trans- 
mm  I  ^-^  ■■"  l_j^  jtion  period,  would  cause  a 
slowing  down  of  the  motors 
which  would  be  very  undesir- 
able and  would  more  than 
compensate  for  any  saving 
Full  spcrf  par:.uci  which  might  be  effected  dur- 
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analysis  should  be  made  of  the  accelerating  conditions 
to  determine  whether  this  system  of  control  is  the  most 
desirable. 

There   are   three   common    methods   of    changing 
motors  from  series  to  parallel.     They  are  known  as:— 

I — Open  circuit  transition. 

2 — Shunt  transition. 

3 — Bridging  transition. 
Open  Circuit  Transilio7t  was  the  first  method  in- 
troduced. It  is  illustrated  in  Fig.  i.  Fig.  2  shows  the 
relation  between  speed  and  torque  during  acceleration. 
In  passing  from  the  full  series  to  .the  first  parallel  notch, 
the  circuits  of  both  motors  are  opened. 

This  method  is  practij:al  for  small  motors  and  or- 
dinary service.     It  is  objectionable  because  the  motor 


FIG.    2 SPEED-T0RQU1-;    CURVES    WITH    OPEN    CIRCUIT    TRANSITION 

circuits  are  opened,  causing  arcing  at  the  contacts  of  the 
controller  and  a  loss  of  torque  in  tlie  motors.  The 
method  of  control  is  simple  and  easily  understood.  The 
motors  are  permanently  connected  in  series  and  started 
by  inserting  resistance  in  series  with  them.  This  re- 
sistance is  gradually  short-circuited,  as  in  rheostatic  con- 
trol. This  gives  half  speed  with  both  motors  across  the 
line  in  series.  The  motor  circuits  are  then  opened  and 
the  motors  are  connected  in  parallel  and  accelerated 
from  half  speed  to  full  speed  by  introducing  resistance 
in  series  with  each  motor,  and  gradually  short-circuiting 
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FIG.   4 — SPEED-TORQUE     CUR\T.S 
WITH    SHUNT    TRANSITION 


FIG.   3 — STEPS    IN     THE 

SHUNT    TRANSITION    METHOD 

OF    SERIES-PAR.'^LLEL 

CONTROL 

Shunt  Transition  is  an  improvement  over  open 
circuit  transition.  It  is  based  on  the  principle  that  a 
short-circuit  can  be  placed  around  the  armature  and 
fields  of  a  series  motor  without  injuring  the  motor.  The 
short-circuiting  of  the  armature  through  the  field  re- 
verses the  field  current,  which  in  turn,  reduces  the  fields 


and  counter  e.  m.  f.  to  zero.  The  method  of  control  is 
shown  in  Fig.  3  and  4.  This  system  allows  one  motor 
to  remain  active  while  the  other  motor  is  being  short- 
circuited,  and  in  this  way,  an  active  torque  is  maintained 
on  the  apparatus  during  the  transition  period.  In  pass- 
ing from  full  speed  series  to  the  first  notch  in  parallel, 
the  proper  amount  of  series  resistance  is  first  inserted 
and  then  motor  No.  2  is  short-circuited.  This  resis- 
tance limits  the  current  to  compensate  for  the  counter 
e.  m.  f.  of  motor  No.  2.  No.  2  motor  is  then  connected 
in  parallel  with  No.  i  motor,  and  the  series  resistance 
gradually  is  short-circuited  until  the  motors  are  con- 
nected across  the  line,  giving  full  speed.  This  method 
of  control  has  been  used  in  type  K  drum  controllers, 
which  are  siill  in  extensive  use  on  trolley  cars. 

^^  ,^  One  of  the  type  HL  elec- 

T— luuuuui— Oj — vw> — (2) — vw>-T,  .  ,, 
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"' ^^^^i^nh  senes  o,  in  tliis  controlkr  by  using 

some  of  the  sections  of  re- 

_  sistors  several  times.    This 

,^^1L<T)-M^  <2>-^vv^  jg  permissible,  as  the  use  of 
resistors  in  series  requires 
the  short-circuiting  of  these 
resistors  in  sections.  Ordi- 
narily, the  first  section  of  the 
resistor  has  the  maximum 
resistance  and  is  in  circuit 
the  least  amount  of  time. 
In  order  to  use  cast  iron 
grids  for  these  resistors, 
this  first  section  usually  has 
more  capacity,  and  requires 
less  capacity  in  proportion, 
than  the  balance  of  re- 
TRANsiTioN  USING  AN  ELECTRO-  sistors,  as  it  is  impractical 

PNEUMATIC     CONTROLLER  ^  i_^    •       i   •    i         1        •  l 

to  obtain  high  ohmic  value 
with  a  small  number  of  grids.  If  this  section  of  re- 
sistor is  now  used  in  another  part  of  the  acceleration 
by  connecting  it  in  parallel  with  other  resistors,  the 
weight  of  metal  is  used  to  better  advantage,  and  re- 
duces the  total  weight  of  the  resistor. 

The  advantages  of  this  method  of  transition  are : — 
I — An  active  torque  is  maintained  upon  one  motor  during 

the  transition  period. 
2 — It  is  the  simplest  method  in  general  use. 

The  disadvantages  of  this  method  of  transition 
are: — ■ 

I — A  reduction  in  torque  is  obtained  during  transition,  as 
only  one  motor  is  active. 

2 — This  active  motor  is  subject  momentarily  to  a  very 
heavy  overload. 

3 — The  change  in  torque  on  the  short-circuited  motor  dur- 
ing transition  usually  results  in  the  motor  being 
momentarily  driven  by  the  other  motor  which  takes  up 
the  lost  motion  in  the  driving  gears  in  the  reverse 
direction.  When  the  motor  becomes  active  again,  this 
lost  motion  is  again  taken  up  in  the  positive  direction. 
This  double  action  results  in  two  shocks  in  the  driving 
machinery  and  has  a  tendency  to  cause  excessive  wear 
and  loosening  of  parts. 
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Bridging  Transition — The  transition  from  series 
to  parallel  by  this  system  consists  in  placing  a  shunt  or 
bridge  between  the  motors  so  that  all  the  motors  are 
active  during  the  transition  period.  This  is  illustrated 
in  Figs.  6  and  7.  Its  operation  is  similar  to  a  A\heatstone 
bridge.  The  two  sides  of  the  bridge  consist  of  the 
motor  plus  a  resistor.  If  the  drop  in  voltage  through 
the  resistor  is  equal  to  the  drop  through  tlie  motor,  the 
two  parts  of  the  circuit  connected  by  the  bridge  will  be 
at  the  same  potential,  and  no  current  will  flow.  It  is 
difficult  to  obtain  this  exact  balance  with  manual  opera- 
tion; it  can  be  closely  approximated,  however,  where 
automatic  acceleration  is  used.  The  arrangement  of 
circuits  for  this  method 
^^^jlliniUlj^rr^^  consists  in  a  portion  of  the 

First  Series  ^'   scrlcs   rcsistancc  being  in- 

serted between  the  two  mo- 
tors. Passing  from  the  full 
speed  series  position  to  the 
first  parallel  notch,  the  two 
sections  of  resistance  are 
inserted  in  parallel  with  the 
motors,  so  that  each  motor 
has  a  circuit  from  trolley 
to  ground  through  the  mo- 
tor and  a  section  of  re- 
sistance, tlie  final  series 
connection  forming  the 
FIG.  6— STEPS  IN  THE  BRIDGING  bridge  of  the  circuit.  This 
bridge  circuit  is  then  open- 
ed and  the  resistance  grad- 
ualy  short-circuited  until  the  motor  is  brought  up  to  full 
speed. 

If  the  resistors  are  so  adjusted  that  more  current 
passes  through  the  two  resistors  than  through  the  two 
motors  during  the  bridging  period,  the  opening  of  the 
bridging  switch  will  interrupt  this  excess  current  and 
give  an  increased  torque  on  the  motors,  equivalent  to 
an  additional  notch  of  the  controller.  This  notch  can 
be  so  adjusted  as  to  be  equal  to  the  other  accelerating 
notches,  so  that  the  acceleration  through  tlie  transition 
period  compares  favorably  with  that  during  other  per- 
iods. 

The  advantages  of  this  method  of  control  are : — 
I — An    active    torque    is    maintained    on    the    two    motors 

during  the  transition  period. 
2 — By  properly  adjusting  the  resistors  at  the  time  of 
transition,  an  active  accelerating  notch  is  obtained  at 
this  time,  which  gives  a  smooth  acceleration.  Since 
both  motors  are  active,  no  jerks  are  obtained.  These 
advantages  make  this  method  of  transition  the  best  for 
heavy  traction  applications. 

The  disadvantages  of  this  method  of  control  are : — 
I — Added  complication. 
2 — Additional  switches. 

3 — Increased    arcing.    This    latter    is    objectionable    only 

where   drum   controllers   are   used.     Contactor   switches 

are  well  adapted  for  this  service  and  the  arc  can  be 

properly  distributed  so  as  not  to  cause  excessive  wear. 

The  use  of  series-parallel  control  in  railway  work 

has  identified  it  with  die  electropneumatic  controllers. 

This  controller  is  in  general  use  for  railway  work  but 

is  also  used  for  some  industrial  applications  where  com- 


pressed air  is  available,  or  where  the  installation  is  of 
sufficient  size  to  warrant  the  use  of  compressed  air. 
Often  compressed  air  proves  a  valuable  means  for  op- 
erating mechanical  brakes,  clutches,  and  similar  appa- 


TRANSITION     METHOD    OF 
SERIES-PARALLEL    CONTROL 


FIG.    7 — SPEED-TORQUE    CURVES    WITH    BRIDGING    TRANSITION 

ratus,  so  that  on  some  large  ore  bridges  and  similar 
industrial  applications,  the  electropneumatic  controller 
has  been  used  instead  of  the  magnetic  contactor  con- 
troller. 

An  electropneumatic  contactor  is  shown  in  detail 
in  Fig.  8.  The  valve  is  held  in  the  open  position  by  a 
small  spring  immediately  under  the  valve  magnet.  When 
the  magnet  is  energized,  the  armature  presses  the  valve 
down  connecting  the  cylinder  to  the  air  pressure  and 
closing  the  exhaust.  The  air  pressure  then  closes  the 
main  contacts,  against  the  action  of  a  heavy  spring.  The 
valve  stem  extends  through  the  top  of  the  valve  magnet, 
so  tliat  this  valve  can  be  operated  by  hand.  The  design 
of  the  contactor  is  such  that  a  failure  of  the  air  pres- 
sure or  a  failure  of  the  electric  circuit  to  the  valve  mag- 
net causes  the  contact  to  open,  placing  it  in  a  safe  posi- 
tion. 


FIG.   8 — ELECTROPNEUMATIC    CONTACTOR 

Some  of  the  advantages  of  the  electropneumatic 
system  are  as  follows : — 

I — A  large  operating  force  is  available  for  closing  the 
the  switches.  This  permits  the  use  of  a  strong  spring 
for  opening  the  switches  so  that  a  large  surplus  of 
power   is   available    for   both   opening   and   closing   the 
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contactor.  The  spring  for  opening  the  contactor  is 
placed  between  the  piston  and  the  top  of  the  cylinder. 
The  amount  of  air  required  is  very  small,  as  the 
cylinder  seldom  exceeds  three  inches  in  diameter  and 
the  stroke  is  usually  less  than  one  inch. 

—Only  a  small  amount  of  power  is  required  for  operating 
the  valve.  This  permits  the  use  of  a  low-voltage  con- 
trol circuit,  which  may  be  as  low  as  ten  volts.  With 
this  small  wattage  on  the  control  circuit,  practically  no 
wear  from  arcing  occurs  on  the  contacts  of  the  master 
switch  or  interlocks,  and  there  is  little  or  no  insulation 
trouble  in  the  connecting  wires.  A  low  voltage  permits 
the  interlock  and  master  switch  contacts  to  be  placed 
close  together,  enabling  a  compact  design  to  be  used. 
Dust  or  dirt  has  little  effect  on  these  parts,  as  the  volt- 
age is  too  low  to  cause  trouble  from  creepage. 

-The  design  of  these  switch  groups  is  such  that  the  live 
parts  connected  to  the  line  voltage  are  well  protected 
from  contact  by  an  operator,  so  that  any  trouble  with 
the  control  circuit  can  be  investigated  with  little  per- 
sonal hazard.  If  the  power  circuit  is  disconnected,  the 
operator  has  only  a  low  voltage  control  circuit  to  work 
with,  which  renders  the  testing  out  of  this  control  cir- 
cuit free  from  hazard. 

-The  use  of  air  for  closing  the  switches  gives  a  slower 
motion  than  is  usual  with  a  magnetic  contactor.  This 
reduces  the  bouncing  of  the  contacts  at  the  instant  of 
closing,  which  is  very  desirable.  The  time  of  opening 
and  closing  can  be  adjusted  within  certain  limits  and 
the  time  element  taken  advantage  of  to  protect  the 
apparatus  during  acceleration.  In  many  applications, 
it  is  more  convenient  not  to  use  automatic  acceleration. 
For  instance,  a  trolley  car  may  be  accelerated  on  a 
level  track,  on  an  up  grade  or  a  down  grade.  It  is 
obvious  that  the  current  for  accelerating  this  car  will 
be    different    under    the    three    conditions.    Automatic 


acceleration  for  this  application  would  not  give  as  good 
results  as  an  intelligent  operator  can  obtain  without  the 
automatic  feature.  The  introduction  of  a  slight  time 
element  in  the  closing  of  each  switch  gives  the  motors 
a  chance  to  adjust  themselves  to  new  conditions  and 
protects  the  apparatus  to  a  considerable  extent.  The 
speed  with  which  the  switch  opens  is  also  adjustable 
so  that  quick  opening  can  be  obtained  where  it  is  de- 
sirable. 

5 — The  operation  of  the  contactor  is  independent  of  the 
line  voltage.  This  is  particularly  desirable  in  railway 
work  where  the  range  of  voltage  is  often  2:1.  Where 
the  low-voltage  control  circuit  is  supplied  by  a  shunt 
on  the  main  line,  the  valve  magnets  can  be  adjusted  for 
operation  over  a  wide  range  of  voltage.  This  is  par- 
ticularly desirable  on  alternating-current  circuits,  the 
operating  circuit  being  supplied  from  a  low-voltage 
transformer.  The  force  required  for  closing  an  alter- 
nating-current magnet  is  directly  proportional  to  the 
square  of  the  voltage,  so  that  magnets  which  are  de- 
signed to  operate  on  a  low  voltage  will  slam  badly  on  a 
high  voltage.  The  armature  of  the  valve  magnet  is  so 
small  that  it  has  very  little  inertia,  and  the  slamming 
effect  is  minimized.  If,  however,  the  contactor  were 
closed  by  a  maget,  the  moving  parts  would  be  heavy 
and  the  excessive  slamming  detrimental  to  the  life  of 
the  switch,  as  a  whole.  Where  the  control  circuit  is 
supplied  from  a  battery,  this  battery  is  automatically 
charged  in  conjunction  with  the  air  compressor  motor, 
so  that  its  maintenance  is  reduced  to  a  minimum. 

7 — The  weight  of  an  electropneumatic  contactor  is  usually 
less  than  that  for  a  corresponding  magnetic  contactor. 
The  space  requirement  is  also  less.  These  are  im- 
portant considerations  foi  railway  applications  and 
some  industrial  control. 
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W.  E.  Dean,  Jr. 

Engineering  Department, 

Westinghouse  Air  Brake  Company 

THE  RECENT  increases  in  length  and  weight  of 
electric  locomotives  have  called  for  the  develop- 
ment of  new  air  brake  equipment  to  give  per- 
formance under  the  new  conditions  similar  to  that  of- 
fered by  the  present  brake  equipment  under  the 
conditions  for  which  it  was  designed.  The  main  issues 
in  this  problem  of  providing  adequate  control  involve 
the  time  required  to  apply  the  brakes  and  to  release 
them.  This  time  element  in  turn  depends  upon  the 
length  or  friction  of  the  piping  used  to  carry  the  air  to 
and  from  the  brake  cylinders,  which  of  course  is  directly 
dependent  upon  the  length  of  the  locomotive,  and  upon 
the  volume  of  air  used,  which  is  a  function  of  the  loco- 
motive weight,  for  the  greater  the  weight  the  larger  or 
more  numerous  the  brake  cylinders  used. 

The  present  equipment,  shown  diagrammatically  in 
Fig.  I,  was  adapted  from  the  standard  steam  locomotive 
equipment  and  gives  a  performance  practically  identical 
with  it.  This  equipment  gives,  among  other  things,  con- 
trol of  the  locomotive  brake  independent  of  the  rest  of 
the  train.  In  other  words,  tlie  locomotive  brakes  can  be 
applied  or  released  at  any  time  irrespective  of  the  use  of 
the  train  brakes.  This  independent  control  involves  the 
direct  admission  of  air  to  and  release  from  the  face  of 
the  application  piston  of  the  distributing  valve  by  means 


of  the  independent  brake  valve.  The  admission  of  pres- 
sure to  the  left  face  of  the  application  piston  moves  it  to 
the  right  causing  the  main  reservoir  air  to  flow  to  the 
brake  cylinders.  The  cylinders  are  directly  connected 
to  the  right  face  of  the  piston.  The  application  piston 
thus  operates  on  a  balance  of  application  cylinder  and 
brake  cylinder  pressures  so  that  a  change  of  pressure 
on  tlie  first  side  of  this  piston  results  in  a  like  change  on 
the  other. 

In  automatic  control  the  distributing  valve  equaliz- 
ing  piston  is  operated  by  the  balancing  of  pressures  be- 
tween the  brake  pipe  and  pressure  chamber,  as  with  a 
triple  valve.  In  applying  the  brakes,  air  from  the  pres- 
sure chamber  (which  corresponds  to  the  auxiliary  res- 
ervoir with  a  triple  valve)  flows  into  the  application  cyl- 
inder, with  operation  from  that  point  on  similar  to  the 
independent  operation  just  mentioned. 

When  the  tiine  to  apply  or  release  the  locomotive 
brake  is  lengthened,  due  to  an  increase  in  the  piping  in- 
volved, it  may  be  due  (in  the  case  of  independent  con- 
trol) to  the  piping  between  the  independent  brake  valve 
and  the  distributing  valve,  or  to  the  piping  between  the 
distributing  valve  and  the  brake  cylinders  (or  a  combi- 
nation of  both).  In  the  latter  case  the  time  element  will 
be   lengthened  in   automatic  as   well  as  in    independent 
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control,   but  with   the   independent   on!}-  in  the    former 
case. 

The  influence  of  brake  cyhnder  volume  will  ex- 
tend alike  to  automatic  and  independent  control.  In 
other  words,  the  distributing  valve  ports  have  certain 
limitations  as  to  capacity  to  supply  brake  cylinders  and 
piping,  beyond  which-they  cannot  give  brake  applica- 
tions and  releases  within  established  times.  Before  these 
limitations  in  the  way  of  length  of  piping  and  cylinder 
volume  are  reached  the  established  times  can  be  made 

K-I4-A  BRAKt  VALVC. 
AUTOMATIC  IfJDEPENDErJT 

RELEASE 


The  distributing  valve  capacity  in  terms  of  piping 
and  brake  cylinder  volume  is  greater  for  application 
than  for  release.  When  the  release  capacity  is  exceeded, 
but  not  the  application,  a  "quick  release  valve"  may  be 
employed  as  shown  in  Fig.  3.  When  the  applica- 
tion capacity  of  the  distributing  valve  is  exceeded  a  sec- 
ond distributing  valve  must  be  employed. 

The  practice  of  double-heading  two  electric  units 
and  placing  them  in  tlie  running  control  of  one  man,  led 
to  the  request  that  independent  control  of  the  brake  on 


BRAKE  CYLINDERS 


FIG.    2 —    DOUBLE-HEADING    VALVE 


uniform  in  independent  operation  and  in  automatic  re- 
lease only  by  adjusting  the  ports  in  the  independent 
brake  valve,  by  means  of  chokes  or  otherwise,  to  con- 
form to  the  conditions  of  piping  (between  brake  valve 
and  distributing  valve)  obtaining  for  any  given  locomo- 
tive. Similar  adjustments  at  the  distributing  valve  need 
not  be  made  because  in  automatic  application  the  rate  of 
brake  pipe  pressure  drop  will  govern  die  time  involved 
in  getting  the  brakes  applied. 


the  second  unit  be  placed  in  the  hands  of  the  man  on  the 
first  unit.  To  meet  this  requirement,  the  double-heading 
valve.  Fig.  2,  was  developed.  This  device  serves  in  effect 
to  cut  out  the  distributing  valve  on  the  second  unit  at  all 
times  except  in  case  of  an  emergency  application  or 
other  over-reduction  in  brake  pipe  pressure.  The  dis- 
tributing valve  on  the  first  unit  therefore  has  to  supply 
the  piping  and  brake  cylinders  on  both  units  with  a  cor- 
responding reduction  in  its  relative  capacity. 
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Recent  increases  in  length  and  weight  of  locomo- 
tive units  have  so  overtaxed  the  capacity  of  present 
equipments  that  a  new  design  has  been  developed  to  care 
for  the  new  severe  operating  conditions.  This  equip- 
ment operates  the  distributing  valve  automatically  in  in- 
dependent as  well  as  in  automatic  operation.  That  is, 
the  locomotive  brake  is  applied  only  by  making  a  brake 
pipe  reduction.  The  distributing  valve  on  each  unit  is 
connected  to  an  independent  brake  pipe  which  is  cut  off 
from  the  main  brake  pipe  when  the  locomotive  brakes 
are  to  be  applied  independently.  A  choke  cock  is  pro- 
vided in  this  brake  pipe  tmder  each  brake  valve,  having 
two  openings,  one  for  single-unit  operation  and 
the     other    for    double-unit     operation,    the     size     for 


application;  and  one  for  release  with  the  automatic 
brake  valve.  In  each  case  a  relay  valve  is  used  to  pro- 
vide openings  large  enough  to  give  the  required  per- 
formance in  the  desired  time  without  making  the  brake 
valve  prohibitively  large. 

A  number  of  new  features  are  found  in  this  equip- 
ment, such  as  the  brake  pipe  vent  valve  and  its  cut-off 
valve  which  are  used  jointly  to  prevent  overcharging  the 
quick  action  chamber,  to  prevent  undesired  quick  action 
and  fundamentally  to  insure  desired  quick  action  of  the 
brakes  in  emergency  applications ;  the  independent  re- 
serve supply  valve  which  offers  an  unlimited  supply  of 
air  from  the  main  reservoir  at  a  pressure  somewhat 
above  that  in  the  brake  pipe  at  a  time  when  more  than  a 
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FIG.  3 — 15EL    (electric  locomotive)    equipment 


each  being  determined  by  trial  for  any  given  in- 
stallation. This  gives  uniform  service  application  per- 
formance for  either  condition  of  operation.  A  by-pass 
around  this  cock  is  used  for  releasing  the  locomotive 
brakes  and  also  contains  a  relay  valve  which  is  used  for 
quick  application.  This  relay  valve  vents  the  independ- 
ent brake  pipe  immediately  and  gives  thereby  an  appli- 
cation of  the  locomotive's  brakes  in  the  minimum  of 
time.  Three  relay  valves  are  used  in  all : —  one  for  quick 
application ;  one  for  relieving  the  air  pressure,  used  in 
quick  independent  release,  in  readiness  for  a  following 


normal  full  service  brake  pipe  reduction  has  been  made, 
and  thus  always  insures  a  brake,  in  case  reapplications 
have  occurred  so  frequently  as  greatly  to  deplete  pres- 
sure chamber  air ;  a  quick  release  valve  in  the  brake  cyl- 
inder pipe  which  adds  to  the  distributing  valve's  release 
capacity  and  which  can  be  adjusted  with  chokes  to  give 
the  performance  desired;  and  many  others.  However, 
the  salient  features  have  been  touched  upon  above,  viz., 
the  preservation  or  non-exceeding  of  the  maximum  per- 
missible time  periods  for  the  operation  of  the  brake  on 
locomotives  of  modern  size  and  length. 


Dli'oct'C^^i'i'Ojit  Railway  Motors  for  llo^^oiioi^a^d^^ 


R.  E.  Ferris 


OF  ALL  DIRECT-CURRENT  MOTORS,  the 
series  wound  is  the  best  as  regards  stable  com- 
mutating  characteristics,  and  especially  is  this 
the  case  with  the  direct-current  railway  motor.  By 
stable  commutating  characteristics  is  meant  the  ability 
to  withstand  large  and  sudden  changes  in  load  and  volt- 
age without  flashing.  This  stability  is  due  in  part  to 
the  fact  that  the  field  and  armature  current  are  always 
equal,  giving  a  constant  ratio  of  field  to  armature  am- 
pere-turns, thus  reducing  the  effect  of  distortion  even 
with  a  non-compensated  motor. 

The  effect  of  distortion  on  flashing  characteristics 
is  briefly  as  follows: — 

The  generated  e.  m.  f .  in  either  a  two-circuit  motor 
or  generator  is  the  sum  of  the  generated  e.  m.  f's.  in 
each  of  the  coils.  This  e.  m.  f.  is  produced  by  the  cut- 
ting of  flux  by  the  conductors.  If  the  flux  is  distributed 
evenly  over  the  air-gap,  each  coil  under  the  pole  will 
generate  approximately  the  same  e.  m.  f.  If,  due  to 
distortion,  the  flux  is  not  evenly  distributed  over  the  air- 
gap  or  is  even  reversed  under  a  portion  of  the  pole  then, 
for  the  same  speed  and  total  voltage,  the  flux  density 
will  of  necessity  be  much  higher  at  some  points  under 
the  pole  than  at  others,  thus  giving  a  higher  maximum 
generated  e.  m.  f.  for  the  coil  cutting  the  flux  at  the 
high  density  point.  The  e.  m.  f.  per  coil  is  the  same  as 
tlie  voltage  between  bars.  With  high  maximum  voltage 
per  bar  any  incipient  arcs,  which  are  established  at  the 
brush  as  the  coil  is  commutated,  are  liable  to  be  main- 
tained, due  to  this  high  voltage.  If  these  arcs  are  main- 
tained till  the  other  brush  is  reached,  a  low  resistance 
path  is  established  and  the  motor  flashes. 

This  is  one  of  tlie  main  reasons  why  the  series 
motor  is  comparatively  stable  as  regards  commutating 
characteristics.  A  further  contributing  cause  is  the 
inductance  of  the  field  in  series  with  tlie  armature.  This 
field  with  its  large  inductance  absorbs  a  large  percentage 
of  the  applied  voltage  during  sudden  changes  in  load  or 
voltage,  thus  bringing  down  the  voltage  across  the  com- 
mutator to  much  less  than  would  be  the  case  if  the  arma- 
ture and  field  were  in  parallel,  as  in  a  shunt  motor. 

SERIES  MOTOR  USED  AS  GENERATOR 

The  well-known  speed-torque  characteristics  of  the 
series  motor  lend  themselves  admirably  to  acceleration, 
so  it  is  very  desirable  to  retain  as  far  as  possible  the 
stable  commutating  characteristics  of  this  type  of  inotor 
for  service  involving  regeneration,  both  during  the  mo- 
toring and  regenerating  periods. 

A  series  motor  may  be  changed  into  a  series  gen- 
erator by  reversing  the  field,  but  when  operated  in  this 
way,  is  extremely  unstable  under  changing  voltage  or 


speed.  For  example,  a  series  generator  is  connected  to 
the  line,  which  in  itself  involves  more  or  less  complica- 
tion, and  is  regenerating  a  certain  current.  Now,  if  tlie 
line  voltage  drops  suddenly,  the  regenerated  current  will 
increase.  This  increased  current  will  strengthen  the 
generator  field,  thus  raising  the  voltage  and  further  in- 
creasing the  regenerated  current.  Due,  therefore,  to . 
this  cumulative  characteristic  of  a  series  generator,  a 
comparatively  small  drop  in  voltage  on  the  line  may 
result  in  a  disastrous  overload  on  the  equipment.  On 
the  other  hand  if  the  line  voltage  rises,  the  regenerated 
current  will  decrease.  This  current  decrease  weakens 
the  field  and  thus  the  generator  voltage,  resulting  in  a 
further  decrease  of  current  until  the  current  may.  ac- 
tually reverse,  in  which  case  the  result  would  be  even 
worse  than  an  ordinary  short-circuit.  The  changes  are 
so  rapid  as  to  operate  the  circuit  breaker  no  matter 
which  way  the  voltage  changes,  unless  a  heavy  resis- 
tance is  in  series. 

In  a  straight  series  motor,  the  field  decreases  with 
decrease  in  armature  current  or,  in  other  words,  with 
the  load.  Theoretically,  the  field  would  be  zero  when 
the  armature  current  is  zero.  If,  however,  the  field  is 
separately  excited  in  such  a  way  that  the  field  current 
does  not  decrease  at  the  same  rate  as  the  armature 
current,  the  field  may  have,  say,  full-load  excitation 
when  the  armature  current  is  zero.  If  now  the  arma- 
ture current  decreases  still  further  or,  in  other  words, 
if  the  motor  starts  to  regenerate,  the  field  should  still 
keep  on  decreasing  in  order  to  make  for  stable  condi- 
tions. 

One  mediod  of  obtaining  this  re- 
sult is  shown  in  Fig.  i,  where  A  is 
a  series  motor  armature,  F  the  field, 
G  a  low  voltage  excitor  for  F,  and 
R  a  small  balancing  resistance.  The 
connections  shown  in  Fig.  i  permit 
either  motoring  or  regeneration. 

Let,  r  =  Resistance  of  field  F. 

cr  =  Resistance  of  balancing  resistance  R. 

E  =  Voltage  of  generator  G. 

/f  =  Current  in  field  /•". 


FIG.     I — CONNECTIONS 

FOR     MOTORING     AND 

REGENERATING 


/a  =  Current  in  armature  A. 
E  —  I A  cr 
Then,   h  =         ..   ,    r:-     ■ 


(I) 


In  equation  (i),  /a  will  be  -f  for  regenerated  current 
and  —  for  motor  current.  Plotting  field  current  against 
armature  current,  as  shown  in  Fig.  2,  gives  a  straight 
line,  the  slope  of  which  is  determined  by  the  constant 
c.  Equation  ( i )  or  Fig.  2  shows  that  the  field  current  de- 
creases as  the  regenerated  current  in  the  armature  in- 
creases, but  increases  as  the  motor  current  in  the  arma- 
ture increases,  or  algebraically,  the  field  current  de- 
creases with  increase  in  armature  current. 
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CHANGING  FIELD  STRENGTH 

From  the  foregoing,  it  is  evident  that  the  ratio  of 
field  to  armature  current  during  regeneration  is  not  a 
constant  as  is  the  case  with  a  straight  series  motor. 
For  example,  it  may  be  desirable  to  take  a  heavy  train 


FIG.    2 — RELATION  OF  FIELD   AND   ARMATURE   CURRENT   IN 
REGENERATION 

down  a  steep  grade  at  a  comparatively  high  speed,  or 
bring  a  train  or  single  car  to  rest  as  quickly  as  pos- 
sible from  a  high  speed  at  a  uniform  braking  rate  by  the 
use  of  regeneration.  In  either  case  the  field  current  in 
an  average  railway  motor  \yould  be  weak  compared  to 
the  heavy  armature  current.  Under  this  condition,  dis- 
tortion would  be  large  and  the  maximum  voltage  be- 
tween bars  would  be  high  compared  to  normal  operation 
as  a  straight  series  motor.  Under  steady  voltage  and 
load  conditions,  this  distortion  may  be  very  large  with- 
out causing  trouble,  but  if  the  distortion  is  carried  too 
far,  any  sudden  variation  in  voltage  or  load  may  cause 
a  flash-over.  Any  given  machine  will,  therefore,  have  a 
limit  to  the  ratio  of  field  to  armature  current,  beyond 
which  it  would  not  be  safe  to  go  because  of  the  possi- 
bility of  flashing. 

IRON    LOSS 

With  large  distortion  and  high  speed,  the  iron  loss 
will  be  higher  than  under  normal  operation,  because 
while  the  active  flux 'passing  from  the  pole  face  into  the 
armature  may  be  small,  the  density  in  teeth  and  pole 
face  may  be  quite  high  due  to  the  flux  reversal  under 


FIG.   3 — OSCILLOGRAM    OF  FIELD   FORM 

the  pole.  This  is  plainly  shown  in  Fig.  3,  where  a  to  c 
is  pole  pitch,  but  where  useful  flux  is  only  entering  the 
armature  from  b  to  c.  Therefore,  for  a  given  voltage 
and  speed,  approximately  the  same  total  flux  inust  pass 
into  the  armature  through  area  b  to  c  times  length  of 
core,  under  the  distortion  conditions  shown,  as  would 
pass  through  area  a  to  c  times  length  of  core  times 
pole  constant,  if  there  was  no  distortion.  Fig.  3  also 
shows  the  voltage  between  bars  at  any  point,  indicating 
that  between  the  points  a  and  b,  for  example,  the  voltage 


is  negative  with  respect  to  the  remainder  of  the  pole 
pitch. 

COM  MUTATING   CHARACTERISTICS  DURING   REGENERATION 

A  direct-current  machine  may  be  worked  with 
weaker  field  with  relation  to  the  armature  or,  in  other 
words,  with  greater  distortion  during  regeneration  than 
during  motoring,  because  the  maximum  voltage  be- 
tween bars  does  not  come  next  to  the  brush  which  the 
bar  has  just  left.  This  is  shown  in  Fig.  3  where  the 
direction  of  rotation  is  indicated.  That  is,  the  voltage 
between  bars  at  point  d  next  to  brush  at  point  a  is  ap- 
proximately 14  volts,  while  the  voltage  at  d^  next  to 
brush  at  point  c  is  approximately  21  volts  or  50  percent 
higher.  In  other  words,  the  small  bridging  commuta- 
ting  arc  is  not  sustained  because  the  voltage  is  low  next 
to  the  brush  and  passes  through  zero  voltage  between 
bars  at  point  b,  Fig.  3.  This  location  of  maximum 
voltage  between  bars  permits  the  operation  of  the  ma- 
chine as  a  generator  with  a  higher  ratio  of  armature  to 
field  current  than  as  a  motor. 

MOTOR  DESIGNED  FOR  REGENERATION 

From  the  foregoing  it  is  evident  that  the  series  mo- 
tor which  will  be  used  for  regeneration  should  be  de- 
signed with  inherently  low  distortion.  This  may  be  at- 
tained by  designing  the  motor  so  that,  even  with  heavy 
armature  current  and  weak  field,  the  armature  ampere- 
turns  per  pole  are  less  than  the  ampere-turns  absorbed 
in  the  air-gap  and  teeth.  In  other  words,  the  motor 
should  have  a  large  tapered  air-gap  with  the  teeth  fairly 
well  saturated.  This  method  of  reducing  distortion 
needs  no  explanation. 

A  compensating  winding  on  the  pole  face  counter- 
acting the  armature  ampere-turns  would  eliminate  the 
distortion  entirely  and  permit  a  very  high  value  of  ratio 
of  armature  to  field  current.  The  reason  for  not  using 
a  compensating  winding  in  all  cases  is  that  the  first 
cost  and  upkeep  of  such  a  motor  is  higher  than  that  of 
the  usual  type  motor  and  in  some  cases  the  additional 
winding  might  increase  the  weight. 

A  third  method  of  obtaining  regeneration  at  high 
speeds  is  to  connect  two  motors  in  series  during  motor- 
ing with  half  line  voltage  on  each  motor;  but,  when 
regenerating  at  high  speed,  the  motors  are  connected 
so  that  full  voltage  is  applied  to  each  motor.  With  this 
connection  the  field  will  be  quite  strong  and  a  heavy 
current  may  be  regenerated  without  undue  distortion. 

CONCLUSION 

The  problems  involved,  therefore,  in  the  design  of 
a  direct-current  railway  motor,  which  will  also  be  used 
for  regeneration,  are  not  greatly  different  from  the  ac- 
cepted standards.  In  other  words,  an  ordinary  rail- 
way motor  may  be  used  for  regeneration  and  give  very 
satisfactory  results.  The  changes  in  design  are  more  in 
the  nature  of  refinements  of  details  than  in  fundamen- 
tals. 


Modoi^j]  P  K  Cx)iurc)|  JCcjTujyiivojii:^ 


p.  L.  Mardis 
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DURING  the  past  few  years,  the  following  condi- 
tions have  ex«-ted  a  considerable  influence  on  the 
nature  and  design  of  control  equipment  for  city 
and  interurban  electric  cars. 

Reduction  in  Platform  Labor  to  Handle  a  Given 
Traffic — In  addition  to  the 
previously  existing  short- 
age of  labor,  nearly  every 
road  in  the  country  will  be 
^,^^         ^  affected  to  a  certain  extent 

T  ^^      *% '  due  to  the  war.    The  situa- 

atl^  ►  tion    has    already    become 

^^^^  acute    on    many    lines    in 

^^^^    ^^^  large    manufacturing    cen- 

^Um  ^^^^^^     ters,  and  the   demand  has 
^^K^^^^^^^^^     become  insistent  for  some 
■^K^M  ^^^^^^^^k     inexpensive  of  oper- 

l^BH^H^^^^^^I^I     ating    car    equipments 

p.  L  M.-iRDis  trains,   especially   for   rush 

hour  service. 
"Safety-First"  Requirements — The  recent  country- 
wide "safety-first"  campaigns  have  resulted,  in  many 
cities,  in  the  removal  of  current  breaking  apparatus  from 
the  car  platforms  and  the  use  of  door  interlocks  to  pre- 
vent starting  a  car  until  all  doors  are  closed.  This  neces- 
sitates the  use  of  some  form  of  remote  control. 

Power  Economy  and  Reduction  in  Peak  Loads — 
Abnormal  increases  in  travel  are  causing  heavy  over- 
loads on  many  power  plants,  thus  necessitating  economy 
in  use  of  power  on  cars  and  elimination  of  heavy  cur- 
rent peaks  in  acceleration.  A  considerable  power  saving 
may  be  effected  by  the  use  of  automatic  acceleration  and 
current  peaks  are  reduced  to  a  minimum. 

Protection  of  Equipment — The  present  high  cost  of 
repairs  and  replacement  parts  has  created  a  demand  for 
some  means  to  protect  motor  and  car  equipment  from 
the  abuse  of  too  rapid  acceleration  and  improper  ma- 
nipulation of  control.  A  remote  automatic  equipment 
may  be  designed  to  afford  a  maximum  protection  to  the 
whole  equipment. 


FIG.    1 — PK    CONTROL   OPElv.\II.\i,,    lli:.\I) 

Attached  to  a  K-i  Controller. 
Recent  Dei'clopmcnt  in  Car  Constrtiction— The 
limited  clearances  and  omission  of  platforms  on  the 
modern  light-weight,  low-floor  cars  have,  in  many  re- 
.cent  applications,  determined  the  type  of  control  equip- 
ment to  be  used. 


Since  the  advent  of  the  low-floor  car,  a  large  pro- 
portion of  the  control  equipments  applied  on  these  cars 
have  consisted  of  some  form  of  remote  control.  In  some 
of  these  applications,  the  limited  space  available  to 
mount  control  equipment  necessitated  the  use  of  remote 
control  and  in  others  some  one  or  a  combination  of  the 
above  requirements  demanded  its  use. 

To  meet  these  various  conditions,  the  PK  control 
was  developed  as  a  light  weight  and  efficient  means  of 
providing  remote  control,  while  retaining  the  use  of  the 
equipment  already  available. 

STANDARD  I'K  CONTROL  EQUIPMENT 

A  PK  control  equipment  consists  of  the  necessary 
new  parts  to  adapt  an  old  K  control  equipment 
for  remote  control,  as  shown  in  Fig.  i.  A  complete  con- 


FIG.   2 — SCHEMATIC   CAR   LAYOUT   OF   CONTROL   EQUIPMENT 

trol  equipment  is  shown  in  Fig.  2,  consisting  of  the  fol- 
lowing parts : — 

A — Main  Cutout  Sivitch : — The  old  car  type  circuit  breaker 
with  the  tripping  mechanism  removed  is  generally  used  for 
this  purpose. 

B — Line  Szvitch : — This  is  an  air  operated  contactor 
arranged  to  do  all  making  and  breaking  of  main  circuits  and 
to  act  as  a  circuit  breaker  on  overloads.  The  control  resistor, 
limit  relay,  and  overload  trip  relays  are  all  carried  on  the  end 
plates  of  this  line  switch. 

C — PK  Controller:— One  of  the  old  K  controllers  is  re- 
moved from  the  platform  and  the  PK  operating  head  is  as- 
sembled with  it.  This  work  can  readily  be  done  in  the  car 
barns  by  the  regular  force.  When  assembled,  the  PK  head 
and  K  controller  are  mounted  imdcr  the  car  as  a  unit. 

£> — Grid  Resistors: — The  old  resistors,  as  well  as  car  wir- 
ing, may  be  used  with  the  PK  equipment. 

E— Control    Switch :— A    control    and    reset 

switch  is  provided  to  disconnect  the  control  cir- 

•-— «— lgl^  cuits  and  reset  the  overload  trip. 

^■\  F— Master  Controllers,  Fig.  3,  are  provided 

'  ,-       to   remotely  control   the  operation  of   the  appa- 

'*'       ratus. 

G — Train  Line  Junction  Boxes  are  provided 
for  convenience  in  connecting  together  the  vari- 
ous pieces  of  apparatus  and  carr\'ing  train  line 
wires  through  the  car. 

H — Train  Line  Receptacles  provide  a  means 

for    establishing    train    line    connection    between 

cars  in  a  train. 

/ — Main   Circuit   Transfer  Box: — In   re-wiring  the  car,  it 

is  usually  convenient  to  use  a  sheet  steel  or  wooden  transfer 

box  to  simplify  the  installation  of  the  main  wiring. 

/ — Lightning  Arrester  and  other  ordinary  auxiliarj'  equip- 
ment is  used,  as  on  the  old  cars. 
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K-L-M-N — Pneumatic    Details    are    provided    to    care    for 
the  air  supply  for  the  control  apparatus. 
TRAIN    OPERATION 

The  scheme  of  operation  of  the  control  has  been 
worked  out  to  meet  all  the  requirements  of  train  oper- 
ation, safety,  economy,  and  protection  to  equipment.  By 
merely  coupling  two  or  more  cars  together  and  inserting 
train  line  jumpers,  the  train  of  cars  may  be  handled  as  a 
unit  from  either  end.  The  automatic  feature  of  this 
control  enables  two  and  four-motor 
equipments,  and  equipments  with  differ- 
ent K  controllers  to  be  operated  in  the 
same  train,  provided,  of  course,  motor 
speeds,  gear  ratios,  and  wheel  diameters 
are  suitable.  PK  control  equipments 
with  K  controllers  having  dift'erent  num- 
bers of  notches,  will  operate  perfectly  in 
train,  as  the  drums  are  advanced  to  full 
multiple  under  the  action  of  the  current 
limit  alone. 

SAFETY  FEATURES 

All  main  current  breaking  apparatus  is 
FIG.  3 — MASTER  mounted  under  the  car,  thereby  reducing 
CONTROLLER  accidcuts  due  to  controller  explosions 
and  flashes  from  the  circuit  breaker.  The  master  con- 
troller is  equipped  with  a  "dead  man's"  handle  which 
cuts  off  power  and  applies  the  brakes  if  the  motorman's 
hand  is  released  from  the  handle  while  the  car  is  mov- 
ing. 

The  control  may  be  so  interlocked  with  the  doors 
that  the  car  cannot  be  started  until  all  doors  are  closed. 
On  existing  installations  this  feature  has  materially  re- 
duced boarding  and  alighting  accidents.  In  some  cities 
laws  are  pending  requiring  the  interlocking  of  doors 
with  control  on  all  cars; 

The  use  of  automatic  current  limit  acceleration 
permits  of  a  fast,  smooth  and  economical  acceleration, 
and  at  the  same  time  prevents  abuse  of  the  equipment  by 
limiting  the  maximum-  current  peaks. 

SCHEME  OF  OPERATION 

The  use  of  the  PK  operating  head  provides  the 
simplest  known  form  of  automatic  control.  In  addition 
to  the  advantage  of  simplicity,  the  control  may  be  ar- 
rested on  any  notch  without  the  use  of  additional  relays 
or  apparatus.  This  permits  the  use  of  automatic  accel- 
eration for  normal  starts  and  of  notching  for  switching, 
slow  running,  curves  or  traffic  congestion. 

The  control  schematic.  Fig.  4,  shows  the  complete 
control  circuits  necessary  for  automatic  multiple  unit 
control.  Moving  the  master  controller  handle  to  the 
first  position  closes  the  line  switch.  As  the  K  controller 
normally  stands  on  the  first  notch,  this  gives  the  first 
step  of  the  control. 

The  second  notch  on  the  master  controller  moves 
the  K  controller  to  the  second  notch.  This  movement  is 
independent  of  the  limit  switch,  and  enables  the  motor- 
man  to  get  off  the  first  light  step  of  grids  when  starting 
on  a  heavy  grade  or  pushing  dead  cars.  The  third  notch 
on  the  master  controller  gives  the  third  notch  of  the  K 


controller  under  the  action  of  the  current  limit  and  the 
fourth  notch  gives  full  series  under  the  current  limit. 
The  fifth  notch  gives  full  parallel,  the  parallel  notches 
being  taken  automatically  under  the  action  of  the  cur- 
rent limit,  as  there  is  no  occasion  for  arresting  the  pro- 
gression of  the  control  if  conditions  are  such  that  the 
handle  may  be  thrown  to  parallel.  The  interlocking  and 
circuits  are  arranged  to  give  maximum  protection  to  the 
equipment  and  to  reduce  to  a  minimum  the  possibilities 
of  false  operation,  due  to  crosses  or  grounds  in  control 
wiring. 

The  standard  scheme  of  PK  operation,  as  shown  in 
Fig.  4  is  adapted  to  operate  in  train  with  the  new  HLD 
type  control.  This  gives  the  distinct  advantage  of  simi- 
lar manipulation  and  multiple  operation  of  old  cars  con- 
verted to  PK  control  and  new  equipment  of  HLD 
control. 

RESULTS  OF  OPERATION 

The  fact  that  the  K  controller,  when  used  on  PK 
control,  does  not  return  to  the  off  position  and  does  not 
break  any  current  on  returning  to  the  first  position, 
greatly  reduces  the  maintenance. 

The  average  life  of  a  K  controller  resistance  finger 
in  platform  service  on  the  New  York  Railways*  is  6000 
miles.  This  has  been  increased  to  9000  miles  by  PK  op- 
eration. The    motor,    trolley    and    ground    fingers    and 


FIG.   4 — SCHEMATIC    DIAGRAM    OF    AUTOM.\TIC,    MULTIPLE-UNIT 
CONTROL    EQUIPMENT 

plates  ha^'e  not  been  changed  on  the  original  New  York 
PK  installation,  and  these  cars  have  now  made  an  aver- 
age of  60000  miles  per  car.  These  results  are  obtained 
where  using  one  K  controller  for  both  directions  of  car 
movement  on  the  PK  system,  as  compared  with  one  K 
controller  used  for  only  one  direction  of  movement, 
when  installed  on  the  platform. 

The  success  of  the  PK  control  equipment  has  been 
due  in  no  small  measure  to  the  fact  that  it  provides  an 
inexpensive  means  of  obtaining  train  operation,  auto- 
matic acceleration,  door  interlocking,  remote  control, 
"dead  man's"  handles,  and  protection  to  equipment, — 
all  with  minimum  space  requirements, — whenever  these 
features  are  necessarv  or  desirable. 


*See  article  on  "Control  Operation  of  the  New  York  Rail- 
ways" in  the  Journal  for  Oct.,  '14,  p.  570. 


For  TwgIvg-PoI'S  Motors 
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A.  M.  Dudley 


FIG.   62 — TWO-PHASE,   SERIES   GROUI'ING 


FIG.   63 — TWO-PHASE,    TWO-P.-\RALLEL   GROUPING 


FIG.    65 — TWO-PHASE,    FOUR-PARALLEL    GROUPING 


FIG.   66 — TWO-PHASE,    SIX-PARALLEL    GROUPING 


B,       i 
FIG.   64 — TWO-PHASE,    THREE-PARALLEL   GROUPING 


FIG.   67 — TWO-PHASE,    TWELVE-PARALLEL    GROUPING 
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FIG.    68 — THREE-PHASE,    SERIES,    STAR   GROUPING 


FIG.    71 — THREE-PHASE,     FOUR-PARALLEL,     STAR    GROUPING 


FIG.   69 — THREE-PHASE,    TWO-PARALLEL,    STAR    GROUPING 


ABC 
FIG.    72 — THREE-PHASE,    SIX-PARALLEL,    STAR    GROUPING 


ABC 


A         B 
FIG.    70 — THREE-PHASE,    THREE-PARALLEL,    STAR    GROUPING 


FIG.    7Z — THREE-PHASE,    TWELVE-PARALLEL,    STAR    GROUPING 
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FIG.    74— THREE-PHASE,    SERIES,    DELTA    GROUPING 


FIG.    75 — THREE-PHASE,   TVVO-PAR.\LLEL,   DELTA    GROUPING 


ABC 
FIG.    77 — THREE-PHASE,    FOUR-PARALLEL,    DELTA    GROUPING 


ABC 
FIG.    78 — THREE-PHASE,    SIX-PAHAI.I.EI,.    HKLTA    GROUPING 


FIG.    76 — THREE-PHASE,    THREE-PARALLEL,    DELTA    GROUPING  FIG.    79 — THREE-PHASE,    TWELVE-PARALLEL,    DELTA    GROUPING 

The  above  diagrams  represent  all  usual  connections  for  a  twelve-pole  lap  winding. 
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Our  subscriber  a^e  invited  to  us«  this  department  as  a  means  of  securing  autbeotic  information  on  electrical  and  mecbaxucal  subjects. 
Questions  concerning  general  enguiecring  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be. 
answered.    Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  throu^  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  persona]  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  ejpert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allo\ved  before  enpecting  a  reply.    Care  should  be  used  to  fijmish  all  data  needed  for  an  intelligent  answer. 


1507  —  In'ductiox  Rfgul.mor  —  On  a 
system  supplied  with  both  two-phase 
and  three-phase  power,  I  find  a  polj'- 
phase  induction  regulator  connected 
as  shown  in  Fig.  (a),  the  two  poten- 
tial windings  (rotor)  behig  connected 
across  the  two-phase  leads  and  the 
three  series  (stator)  windings  con- 
nected in  the  three-phase  leads.  I 
have  been  given  to  understand  that 
the  regulation  is  7.5  percent  on  two 
of  the  phases  and  15  percent  on  the 
third  and  that  this  results  in  keeping 
the  two-phase  voltages  equal  and 
keeping  also  the  three-phase  voltages 
equal.  Will  you  please  explain  this 
and  show  how  this  regulation  is 
added  onto  the  vectors. 

W.C.S.     (QUEBEC) 

Assuming  the  secondary  wound  with 
two-phase  coils  of  7.5,  7.5  and  15  per- 
cent regulation,  the  vector  diagram  is 
shown  in  Fig.  (b).  ABC  show  the 
unregulated  three-phase  voltages.  A  B 
and  C  D  are  the  unregulated  two-phase 
voltages.     Ai    Bt    C,    are    the    regulated 


FIG.  ]oC7(a)  and  (b) 
three-phase  voltages  in  any  position, 
which  in  maximum  position  becomes 
A,  B,  Cz.  Ai  B,  and  C,  D  are  the 
regulated  two-phase  voltages  which  in 
their  maximum  position  becomes  A2  B2 
and  C-  D.  The  vectors  of  the  regu- 
lator coils  are  A  Ai,  B  Bi  and  C  C. 

E.E.L. 

1508 — He.\ting  of  Leati  Covered  C.\ble 
— In  transmitting  two-phase  alter- 
nating currents  at  35  c\'cles,  in  2  300- 
000  cir.  mils,  lead  covered  cables, 
Soo  amperes  per  phase,  at  4200  volts, 
would  there  be  any  heating  in  the 
lead  covering  or  serious  reactance 
from  the  alternating  current;  length 
of  cables  approximately  500   feet? 

o.p.L.    (v.\.) 
This   question  is   discussed  somewhat 

in    detail    in   Trans.    A.I.E.E.    for    1913 


p.  385,  in  a  discussion  by  R.  W.  Atkin- 
son of  a  paper  by  C.  T.  Mosman.  In 
the  present  case,  assuming  that  the 
lead  sheaths  of  the  different  cables 
will  all  be  connected  together  and 
grounded  at  each  end,  the  additional 
heating  due  to  current  flowing  in  the 
sheath  will  be  about  20  percent.  This 
means  that  the  carrying  capacity,  for 
the  same  temperature  rise  of  the  cable 
will  be  decreased  by  approximately  10 
percent.  This  is  on  the  assumption  of 
a  spacing  of  about  six  inches  between 
centers  of  the  cables.  The  reactance 
will  not  be  serious,  being  no  greater 
than  if  the  lead  sheaths  were  not 
present  and  being  of  about  the  same 
order  of  magnitude  as  the  resistance. 
The  current  carrying  capacity  contem- 
plated is  excessive,  even  without  allow- 
ance for  the  extra  heating  due  to  cur- 
rent in  the  sheath,  unless  the  values 
given  are  intended  to  apply  only  for  a 
short  period,  or  unless  cooling  condi- 
tions are  unusual.  e.w..'\. 

1509 — Turbogenerator  as  Motor — In 
case  steam  is  shut  ofif  from  a  turbo- 
generator operating  in  parallel  with 
other  units,  how  long  is  it  safe  to 
leave  it  operating  as  a  motor;  (a) 
if  vacuum  is  maintained  in  the  con- 
denser, (b)  without  cooling  by 
vacuum.  I  understand  that  when 
running  as  a  motor,  whether  con- 
densing or  non-condensing,  sufficient 
steam  should  be  admitted  to  bring 
the  machine  to  full  speed  at  no  load. 
How  long  in  minutes  is  it  safe 
to  let  the  machine  operate  before  it 
is  supplied  with  steam  or  discon- 
nected from  outside  source  of  power. 
If  running  as  a  motor  without  steam 
but  with  vacuum  is  it  absolutely  es- 
sential that  cooling  steam  be  admitted 
to  the  vanes  or  blades?  Can  you 
give  me  the  probable  time  before 
explosion,  or  other  serious  itijurv' 
takes  place,  after  steam  is  shut  off, 
vacuum   lost   and   machine   motors? 

D.C.M.     (WYO.) 

This  question  is  answered  in  part  by 
1407  and  in  the  comments  on  1407,  pub- 
lished in  Feb.  '17.  A  turbogenerator 
operating  in  parallel  with  other  units 
may  be  operated  indefinitely  without 
flow  of  steam,  providing  a  high  vacuum 
is  maintained — the  higher  the  vacuum 
the  less  the  losses.  This,  in  fact,  is 
frequently  done  w-here  it  is  desired  to 
furnish  wattless  current  to  a  large 
electrical  system,  using  the  generator 
as  a  synchronous  condenser.  It  cannot 
be  stated  how  low  the  vacuum  may  be 
when  so  operating,  but  it  should  cer- 
tainly not  be  less  than  27  inches  on  a 
30  inch  barometer  basis.  In  the  event 
of  the  vacuum  being  low,  or  no  vacuum 
at  all,  the  turbine  may  still  be  operated 
as  a  synchronous  condenser  provided 
a  sufficient  amount  of  steam  be  passed 
through  the  turbine  to  carry  away  the 
heat   generated   by   the    friction   of    the 


air  on  the  blades.  The  amount  of 
steam  required  for  this  is  approxi- 
mately that  required  to  maintain  the 
turbine  and  generator  at  speed  without 
the  generator  being  motorized.  No 
explosion  is  to  be  expected  from 
operating  a  turbine  without  a  vacuum 
or  without  steam.  Any  injury  result- 
ing from  such  operation  is  the  direct 
result  of  intense  heat  generated  by  the 
friction  of  air  on  the  blades,  for  which 
there  is  no  data  available  from  which 
any  time  limit  could  be  expressed.  It 
would  depend  upon  the  character  of 
the  blades  and  the  rate  of  radiation 
through  the  casing.  JT.J. 

1510 — Slow  Actixg  Relay — \\'hat  takes 
place  in  the  operation  of  a  slow-act- 
ing relay  made  up  of  an  iron  core 
surrounded  by  a  brass  shell,  the  mag- 
net windings  being  around  this  brass 
shell?  How  does  the  brass  shell  act 
as  an  agency  for  the  slow  magnetiza- 
tion? G.W.B.    (iND.) 

We  do  not  know  of  any  relay  con- 
structed on  this  principle,  but  it  is  fre- 
quently made  use  of  in  securing  slower 
action  in  electromagnets.  When  the 
winding  is  energized,  the  iron  core  im- 
mediately begins  to  be  magnetized,  but 
the  process  requires  an  appreciable 
time.  The  brass  or  copper  tube  sur- 
rounding the  core  acts  in  the  same 
way  as  a  secondary  coil  in  a  trans- 
former. As  the  number  of  lines  of 
magnetic  force  in  the  core  is  increased, 
they  cut  this  secondary  winding  or 
tube,  and  cause  an  electromotive  force 
to  be  induced  in  it,  as  a  result  of  which 
a  current  circulates  around  the  tube. 
This  current  is  in  the  opposite  direction 
to  the  main  current,  and  causes  the 
magnetic  lines  to  be  less  than  if  the 
main  current  alone  were  acting.  Of 
course,  the  counter  e.m.f.  in  the  tube 
ceases  as  soon  as  the  magnetism 
reaches  its  final  value ;  consequently, 
it  does  not  decrease  the  final  pull  of 
the  magnet.  It  does,  however,  by  op- 
posing the  main  current  when  the  cir- 
cuit is  first  made,  cause  the  magnetism 
to  build  up  more  slowly  than  it  other- 
wise would.  In  case  a  magnet  is 
wound  on  a  metallic  spool,  the  tube 
can  be  prevented  from  delaj-ing  the 
action  of  the  magnet  by  slitting  it 
lengthwise.  l.n.c. 

I5II — Is  A  ROTARY  CONVERTER  OR  A  SYN- 
CHRONOUS   MOTOR-GENERATOR    SET    more 

susceptible    to    line    disturbances   such 
as   low   voltages,   surges,   etc.? 

F.G.F.     (W.    VA.) 

There  are  two  important  character- 
istics involved.  In  the  synchronous 
motor-generator  set,  the  torque  reprc- 
.sented  by  the  total  direct-current  load 
is  transmitted  through  the  shaft,  while 
in  the  rotary  converter  only  a  very 
small  part  of  the  total  load  is  trans- 
mitted   mechanically.     For    this    reason. 
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the  rotarj'  converter  will  carry  its 
rated  load  at  a  much  lower  voltage 
than  will  a  motor-generator  set  of 
normal  design,  without  falling  out  of 
step.  On  the  other  hand,  the  direct- 
current  voltage  in  the  converter  fluc- 
tuates with  any  change  in  alternating 
voltage,  while  in  the  motor-generator 
set,  the  direct-current  voltage  is  inde- 
pendent of  the  alternating  voltage. 
Therefore,  the  rotary  converter  may 
flash-over  at  the  commutator  with  ab- 
normally high  alternating  voltages, 
while  the  motor-generator  set  would 
be  unaffected  by  such  excess  voltage. 
In  general,  the  rotary  converter  is 
more  susceptible  to  line  disturbances, 
on  account  of  the  electrical  connection 
between  the  direct  and  ahernating  cir- 
cuits. FD-^'- 

1512— Centrifuc.m.  Pumps— Please  give 
the     following    information    about    a 
six  stage,  six  inch  centrifugal  pump. 
The  total   head  is  825    feet,     (a) The 
first  two  stages  do  not  have  any  pres- 
sure on  them  and  under  some  condi- 
tions   of    the    discharge    valve    they 
show  a  vacuum  of  five  pounds,     (b) 
When   the   discharge   valve   is   nearly 
closed  the   second  stage   will   show   a 
pressure    of   40   pounds   but   the   first 
stage  is  not  affected  in  this  manner, 
(c) There  is  a  one  inch  pipe  which  is 
taken    from   the   center   of    the    third 
stage  and  run  to  the  side  of  the  first 
stage.     There   is    also   a    similar   pipe 
connecting     the      fourth     and     sixth 
stages.     For   what   purpose   are   these 
pipes?     (d)What  would  be  an  allow- 
able deviation?  J.H.n.   (coLO.) 
(a)The  fact  that  a  vacuum  exists  in 
the  first   two   stages   of   this   six   stage 
pump  is  probably  explained  by  the  fact 
that  the  pump  is  being  operated  agamst 
less   than   its    rated  head.     If   the   head 
were     reduced     sufficiently,     a     vacuum 
would  exist  in  every   stage   except  the 
last.    This  always  happens  with  multi- 
stage  pumps   in   case   of   extreme  head 
reduction  and  in   such  a  case,  the  im- 
pellers   in    the   first,    second,    third   arid 
fourth   stages,   as  the  case  may   be,   do 
no  work  at  all.    If  the  pump  is  operated 
upon    its    designed   head,    say    825    feet 
and  at  rated  capacit>-,  the  head  should 
be    divided    equally    among    the    stages, 
i.   e.  825   feet  is  equivalent  to  approxi- 
mately    360     pounds     pressure     or     60 
pounds  per  stage  for  a  six  stage  pump. 
The     first     stage     should,      therefore, 
generate  60  pounds  total  net  head,  and 
so  on,  t.   e.,  the  pressure  at  the  second 
stage  would  be  120  pounds,  third  stage 
180   pounds,    fourth    stage    240   pounds, 
etc.     (b)We    cannot    explain    why    the 
second    stage    shows    only    40    pounds 
pressure    when    the    discharge    valve    is 
nearly  closed  and  that  the  vacuum  still 
exists    in    the    first    stage.     There    is 
probably     something    wrong    with     the 
interior  of   the   pump   which   could  not 
be   discovered   without   dismantling   the 
machine    entirely.      The    fact    that    the 
vacuum   exists   in   the   first   stage   even 
at  nearly   shut-off,   would   indicate   that 
there  was  no  impeller  at  all  in  the  first 
stage.     It  is  possible  that  at  some  time 
this  impeller  was   removed  in  order  to 
change   the   total   head,    and   never   re- 
placed.    (c)We   could   not   explain   the 
function   of   the   by-pass   pipes   without 
having  had  opportuniiy  to  examine  the 
pump  or  detail   drawings  of  the  pump. 
(d)Five    percent    above    or    below    the 
exact    fraction    of    the    total    head    per 


stage    would    safelj'    cover    commercial 
practice.  .x.p.s. 

1513 — AuTOSTARTER — What  is  the  pri- 
mary current  with  secondary  discon- 
nected, of  an  autostartcr  for  a  three- 
phase  motor  in  respect  to  the  capacity 
of  the  starter?  What  is  the  maximum 
charging  current  of  an  autostarter? 
Is  is  possible  that  the  primary  cur- 
rent alone  of  a  150  hp,  440  volt 
starter  that  is  in  good  condition 
could  trip  a  switch,  without  a  time 
element,  that  is  set  for  260  amperes? 

J.H.B.     (COLO.) 

By  primarj'  and  secondary'  connec- 
tions, wc  understand  that  you  refer  to 
the  connections  of  the  autotransformer 
and  not  to  the  motor.  With  this  in 
view,  the  primary  current  of  the  auto- 
starter will  be  in  the  neighborhood  of 
10  or  15  percent  of  full-load  current  of 
the  motor,  for  which  it  is  designed. 
In  connecting  this  autotransformer  to 
the  line,  it  is  possible  to  get  an  instan- 
taneous current  value  considerably  in 
excess  of  this  amount,  depending  upon 
the  phase  relation  of  the  circuit  to  the 
magnetization  of  the  iron  at  the  in- 
stant of  closing  the  circuit.  This  in- 
stantaneous value  of  current  is  difficult 
to  measure  and  would  require  an 
oscillograph  or  other  quick  acting  in- 
strument to  determine  it.  The  primarj' 
current  of  any  autostarter  in  good  con- 
dition should  not  trip  the  circuit 
breaker  set  for  full-load  current  of  the 
motor,  for  which  the  starter  is  in- 
tended to  be  used.  There  must  be 
something  wrong  with  the  circuit. 

H.D.J. 

1514 — Wattmeter  Springs — Suppose  a 
wattmeter  of  the  elcctrodynamometcr 
type  with  two  hair  springs  which 
oppose  each  other.  Please  explain 
full3'  the  proper  adjustment  of  these 
hair  springs.  Are  they  left  with  no 
tension  at  the  zero  point  of  the 
scale?  What  effect  does  it  have  on 
the  scale  divisions  to  wind  up  each 
spring  a  certain  amount?  What 
effect  to  unwind  each  spring?  Can 
the  springs  be  adjusted  to  give  a 
minimum  deflection  for  a  given 
torque  in  this  way.  I  want  to  adjust 
a  wattmeter  so  that  it  will  take  about 
20  to  25  percent  more  torque  to  pro- 
duce full  scale  deflection  than  it  does 
when  the  springs  are  used  with  all 
their  turns  and  with  no  tension  at 
the  zero  point.  f.l.b.    (pa.) 

In  the  electrodynamometer  type 
meter  with  two  hair  springs,  one  spring 
is  usually  not  adjustable.  The  other 
end  is  brought  out  to  an  external  point 
to  adjust  for  zero  setting.  The  method 
of  procedure  for  adjusting  for  zero 
setting  with  a  tw-o  spring  meter  is  ex- 
actly the  same  as  for-  a  single  spring. 
The  only  difference  is  that  in  a  two 
spring  meter,  the  pointer  is  shifted 
one-half  the  number  of  degrees  through 
which  the  end  of  the  spring  is  turned. 
In  other  words  to  turn  the  pointer  five 
degrees,  it  is  nccessarv'  to  turn  one  of 
the  springs  ten  degrees.  From  this  it 
follows  that  when  the  pointer  is  ad- 
justed for  zero,  the  springs  always 
have  some  tension,  and  this  small  ten- 
sion is  the  same  in  each  spring  but  in 
opposite  directions.  As  long  as  the 
springs  obey  Hooke's  Law  rigorously, 
it  makes  absolutely  no  difference  in  the 
indication  of  the  meter  whether  both 
springs  are  wound  up,  or  whether  one 
winds  while  the  other  unwinds.  A 
common   illustration  of   this   is   the   or- 


dinar\'  watch  where  the  balance  hair 
spring  winds  and  unwinds  alternately 
with  the  same  period  and  amplitude. 
But  most  springs  have  vcn-  slight  but 
definite  irregularities,  and  it  is  found 
in  practice  that  it  is  better  to  make  one 
spring  wind  up  while  the  other  un- 
winds as  the  meter  deflects,  as  this 
seems  ordinarily  to  balance  the  irregu- 
larities of  the  springs  against  each 
other,  resulting  in  a  slightly  more  uni- 
form scale.  The  torque  for  full-load 
deflection  cannot  be  varied  by  either 
winding  or  unwinding  the  springs.  To 
adjust  the  meter  for  25  percent  larger 
range,  there  are  three  courses  open ; 
either  stiffer  springs  can  be  used ;  the 
springs  can  be  shortened  to  80  percent 
of  their  length  or  in  a  voltmeter  or 
wattmeter  winding  25  percent  more  re- 
sistance can  be  added  to  the  voltage 
winding.  h.v.s.t. 

1515  —  Changing     a     Single-Phase 
Motor    to    Three-Phase — (a)Can    a 
five   horse-power,    single-phase   induc- 
tion motor  be  changed  to  three  phase 
by    short-circuiting    the    terminals    of 
the    wound    rotor    and    changing    the 
connections    on    stator?     (b)If    I    re- 
wind the  stator   for  three  phase  and 
short-circuit     the     terminals     of     the 
rotor,   will   it   operate   on   three-phase 
satisfactory?     (c)Will  it  increase  the 
horse-power    by    changing    to    three 
phase  and  how  much?,    s.e.c.    (cal.) 
(a)This    would    not    be    satisfactor>'. 
There  are  not  turns  enough  in  the  run- 
ning   winding    on    the    stator    to    divide 
up    for    a   three-phase    winding    at    the 
same  voltage.     Also  there  would  be  idle 
spaces    where    the    starting    winding    is 
located   and    they   would   not    permit    a 
symmetrical     three-phase     grouping     of 
the     running    coils.      (b)If    the    stator 
was    rewound    with    proper   three-phase 
coils    the    motor    would    operate    satis- 
factorily after  it  was  up  to   speed.     It 
would  have  a  very  poor  starting  torque 
because    of    the    fact,  that    the    wound 
coils   on   the   rotor  have   too   low  a   re- 
sistance to  give  proper  starting  torque. 
(c)It      would      increase      the      running 
horse-power    from    five    to    7.5    horse- 
power,   but    the    starting    torque   would 
be  poor.  a.m.d. 

1516— Effect  of  Current  on  Steel 
Rails — The  company  with  which  I 
am  connected  is  rerolling  steel  rails 
into  bars,  rods  and  angles,  principally 
for  concrete  reinforcements.  We  are 
using  railroad  steel,  but  have  not 
used  old  rails  of  traction  companies 
for  fear  that  the  current  in  passing 
through  the  rails  might  change  the 
mechanical  composition,  structure 
and  phvsical  characteristics  of  the 
steel.  Is  it  possible  for  the  current 
to  change  steel  in  this  way,  and  if  so 
what  would  be  the  character  and 
amount  of  the  change? 

W.P.M.     (PA.) 

We  have  never  obsen^ed  any  chemi- 
cal or  physical  change  in  steel  due  to 
the  passage  of  current  through  it  ex- 
cept where  the  current  has  been  suf- 
ficiently heavy  to  cause  change  from 
the  secondar>-  effect  of  heat.  We  do 
not  believe  that  the  rails  of  traction 
companies  will  be  essentially  different 
from  those  through  which  current  has 
not  passed  and  even  if  they  were,  the 
reheating  to  the  temperature  necessarj' 
for  rolling  would  eliminate  all  such 
changes.  C.E.S. 
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1517  —  Induction      Motor     Voltage  — 
Aside    from    the    economy    of    copper 
in  the  hne  from  the  source  of  supply 
to   the   motor,   please   advise   if   there 
is  any  other  advantage  in  the  use  of 
a  440  volt,    three-phase,   60   cycle   in- 
duction motor  over  a  200  volt  motor. 
For  instance,  in  the  manner  of  maxi- 
mum   output    and    maximum    starting 
torque,  will  not  the  440  volt  motor  be 
less  affected  by  voltage  fluctuations? 
w.p.B.  (tenn.) 
The  same  percentage  change  in  volt- 
age  WiW    have   the   same   effect   on    the 
motor  performance,  no  matter  whether 
the  normal  voltage  is  no  or  550  or  any- 
thing  else.     Of    course,    ten   percent   of 
440  volts  will  be  more  actual  volts  than 
ten  percent  of  220,  being  44  volts  in  one 
case  and  20  volts  in  the  other,  but  the 
effect    on    the    motor   of   a   ten   percent 
voltage    change    is    the    same    in    either 
case.     There    is    no    advantage    in    one 
voltage    over    another    in    this    regard. 
The  copper  in  a   distributing  system  is 
usually  laid  out  so  that  at  the  extreme 
end   the   voltage   will   not   be   less   than 
ten    percent     below     its    value     at     the 
power    house.      Suppose     that     such     a 
system  had  been  laid  out  and  the  copper 
installed    for    220    volts,    if,    later,    the 
voltage  is  changed  to  440  there  will  of 
course  be  only  one  half  the  drop  in  the 
line   since   the   current   is   only   half   of 
its   value   in   the   220   volt   circuit.     The 
percentage  drop  will   then   only   be  one 
fourth    what    it    was     originally    since 
there  is  one  half  the  volts  drop  based 
on   twice   the  voltage.     This   advantage, 
however,   is   not   inherently   due   to   the 
440  volts  but  is  due  to  having  twice  as 
much  copper  in  the  line  as  would  usually 
be  used  for  440  volts.     This  means  that 
the   problem    of    selecting   an    operating 
voltage  is  one  of  the  amount  of  copper 
to  be  installed  in  the  line  and  the  opera- 
ting   conditions    in    the    plant    as    they 
affect  insulation  and  not  one  of  the  per- 
formance   of    the    motors.      As    far    as 
the   motors    are   concerned   there   is    no 
difference  between  a  220  and  a  440  volt 
motor.     In    fact    they    are    usually    the 
same    motor,    with    the    windings    con- 
nected  in   series    for   440   volts   and   in 
parallel  for  220  volts.  a.m.d. 

1518— Rating  of  T-Connected  Trans- 
former— I  understand  that  two  100 
k.v.a.  transformers  in  open  delta  have 
a  rating  of  172  k.v.a.  for  the  two.  In 
case  these  same  transformers  are  con- 
nected in  three-phase  T  (each  being 
supplied  with  necessary  taps)  what  is 
their  group  rating?  The  reason  I 
ask  this  question  is  that  I  have  data 
which  differs,  one  giving  the  open 
delta  rating  as  172  k.v.a.  and  the  T 
rating  as  186  k.v.a.,  while  in  the  other 
case  both  are  rated  at   172  k.v.a.   for 

the   two.  D.C.M.    (WYO.) 

The  transformer  that  is  connected 
across  between  two  of  the  lines,  in  the 
T  connection,  has  the  same  rating  as 
one  of  the  transformers  when  the  bank 
is  connected  open  delta.  The  other 
transformer  in  the  T  bank  has  the  same 
current  value  as  when  connected  open 
delta,  but  the  voltage  across  this  unit 
is  86.6  percent  of  the  open  delta  voltage. 
If  an  86.6  percent  tap  is  used,  then  the 
copper  loss  will  be  less  than  in  the  main 
transformers  of  the  T  connected  bank 
or  the  open  delta  banks  and  it  will  carry 
its  load  with  a  correspondingly  lower 
temperature  rise.  The  load  cannot  be 
increased  on  this  unit  without  over- 
loading the  main  unit.  The  rating  of  a 
T  connected  bank  of  transformers  is 
therefore  fixed  by  the  safe  load  that  the 


main  unit  will  carry.  This  makes  the 
rating  of  the  T  connected  bank  identi- 
cal with  that  of  the  open  delta,  which 
for  two  100  k.v.a.  units  is  172  k.v.a. 

J.F.P. 

1519 — Artificial  Frosting — Will  you 
please  let  me  have  a  formula  for 
frosting  electric  light  bulbs  for  home 

use.  G.T.S.     (BRITISH    COLUMBIA) 

Chemical    solutions    for    frosting    in- 
candescent  lamp   bulbs    are   quite    com- 
plex    in     formula,     and     the     mixtures 
made  by  individuals  in  small  quantities 
are    usually    not    very    satisfactory.     A 
good  white  frosting  may  be  applied  by 
dipping  the  bulb  in  a  liquid  ammonium 
fluoride,   first  having  washed  all  grease 
from    the    glass    and    dried    the    bulb. 
Hydrofluoric    acid    alone   will    not    give 
a  white   frosted  etching.     The  fluorides 
are  different  in  their  actions,  and  some 
of   the   solutions   tend   to   evaporate   on 
account    of     the    volatile    character    of 
ammonia.     Usually,     also     some     addi- 
tional chemical   like  a  sugar  compound 
is  added  to  fix  the  frosting.     It  is  im- 
portant  to   secure   a    frosting   that   will 
not    turn    brown    from    the    high    tem- 
peratures of  the  Mazda  C  or  gas  filled 
lamps.    Lamp  manufacturers  frost  their 
lamps     by     hne     sand     blasting     or     by 
dipping     in     acid     solutions     and     can 
usually    furnish   the   consumer   a   better 
quality  of  frosting  than  he  himself  can 
secure.     One     very     excellent     frosting 
liquid      is      "Etch-0-Lite."      This      per- 
forms   satisfactorily    on    the    C    lamps, 
and  is  very  useful  in  such  applications 
as     frosting    the     upper    parts     of     the 
lamps   used  in  indirect  or  semi-indirect 
fixtures,   to   eliminate  ceiling  shadows. 
s.g.h. 
1520 — Generator     Polarity — We     have 
a  thirty  kw  generator  set  for  storage 
battery    charging,    running    clockwise. 
On  starting  up  we  found  the  polarity 
was  gaining  in   the   reverse  direction. 
Would  it   be  practical   to   reverse   the 
polarity  in  the  shunt  field  from  some 
outside     source?      This     is     a     shunt 
machine    and    the    direction    of    rota- 
tion and  all  other  connections  would 
not  be  changed.  s.h.t,    (ky, ) 

Yes.  If  the  shunt  field  is  excited 
from  the  battery  which  is  being  charged 
the  polarity  will  probably  be  in  the 
right  direction.  If  not  the  connections 
to  the  shunt  field  should  be  inter- 
changed and  the  field  again  excited 
from   the   batterj'.  c.r.r. 

1521 — Metal     Busbar     Clamps — What 
is    the    magnitude    of    the    hysteresis 
and    eddy    current    losses    in    single- 
phase,  all  metal  cable  clamps  or  bus- 
bar   clamps?     (Both    iron    and    non- 
magnetic metals.)  m.s.g.    (ariz.) 
It   is   the   practice   in   alternating-cur- 
rent clamps   to  break  the  magnetic  cir- 
cuit  around    the    bus    by   using   a    non- 
magnetic   clamp    on    one    or   both    sides 
of    the    bus    or    by    using    iron    clamps 
with   brass   bolts.     This   eft'ectually  pre- 
vents     magnetic      flu.x      from      flowing 
around  the  clamp,  and  hence  practically 
stops   loss   due   to   hysteresis.     There   is 
probabl}'  a  certain  amount  of  eddy  cur- 
rent loss  in  such  a  clamp,  but  it  is   so 
small    that,    as    a   general    rule,    the   in- 
creased    radiating    surface     more     than 
compensates   for  it,   so   that   the   busbar 
is    usually    cooler    at    the    clamp    than 
elsewhere.     We    have    no    data    on    the 
use  of  all  iron  clamps.     It  may  be  per- 
missible to  use  all  iron  around  the  con- 
ductor  where   the   iron   is   relatively   of 
very    small    cross-section,    so    that    the 
iron  is  soon  saturated.  j.m.b. 


1522 — Use  of  Iron  or  Steel  Wire  in 
M.agnet  Coil — Please  tell  me  the 
action  of  a  coil  wound  with  iron  and 
steel  insulated  wire  instead  of  copper 
(one  coil  of  iron  or  one  of  steel 
wire).  I  mean  when  it  is  connected 
to  a  60  cycle  current.  Also  where 
can  I  get  data  or  a  book  on  this? 

C.W.B.  (pa.) 
The  use  of  iron  or  steel  wire  for 
electromagnetic  windings  is  not  to  be 
recommended.  In  the  most  common 
designs  of  electromagnetics  the  use  of 
a  magnetic  material  for  the  windings 
permits  an  excessive  leakage  flux 
which,  in  general,  will  result  in  a  de- 
creased pull.  The  high  resistivity  of 
iron  as  compared  with  copper  is  also 
a  disadvantage  from  a  standpoint  of 
economy  of  space  and  power  consump- 
tion. On  an  alternating-current  cir- 
cuit, an  iron  or  steel  winding  will  cause 
an  increased  loss  due  to  hysteresis  and 
eddy  currents  in  the  winding  itself. 
"Solenoids,  Electromagnets  and  Elec- 
tromagnetic Windings"  by  C.  R.  Un- 
derbill, gives  much  information  con- 
cerning the  design  of  electromagnets. 
c.t.a. 

1523 — Quarter  Wave  Length  Line — • 
Please  explain  the  characteristics  of 
a  quarter  wave  length  line  and  how 
it  is  calculated?  Does  a  quarter 
wave  length  line  offer  a  very  low 
impedance  to  the  source  of  power 
when  the   receiving  end  is  open  ? 

w.L.s.  (pa.) 
A  line  having  a  constant  ratio  of 
capacitance  to  inductance  per  unit 
length,  open  at  one  end,  and  having  a 
total  length  of  an  integral  number  of 
wave  lengths  plus  or  minus  one- 
quarter  wave  length,  is  resonant  and 
builds  up  standing  waves  with  nodes 
every  half  length.  Resonant  condi- 
tions of  this  kind  can  only  be  artifi- 
cially produced  with  high  frequencies 
and  under  special  conditions.  A  very 
simple  treatment  of  traveling  waves  is 
given  by  Prof.  W.  S.  Franklin  in 
Trans.   A.I.h.E.,   1914,   page  545. 

L.w.c. 


1524 — Single-Phase    Motor    Design^ 
A  two  horse-power,  six-pole,  62  cycle, 
no  volt,  single-phase  induction  motor 
must   have   28   slots    occupied   by    the 
main  w'inding  and  eight  slots  occupied 
by    the     starting    winding,    which    is 
composed  of   wire   made   of  brass   or 
some    similar    metal.     Please    give    a 
method  to  be  employed  in  calculating 
the    reactance    of    the    starting   wind- 
ing— hence    the    number    and    size    of 
conductors  per  slot — in  order  to  have 
a  good  starting  torque.     Can  you  in- 
dicate a  book  from  which  information 
may    be    obtained    regarding    the    de- 
sign of  single-phase  induction  motors? 
c.s,  (Italy) 
The    answer   to   this    question    is    en- 
tirely too  long  to  be  attempted  through 
the  medium  of  The  Journal  Question 
Box,    involving    as    it    does    the    whole 
theory  of  single-phase,  induction  motor 
design.     This    subject    is    treated    in    a 
paper      on       "Single-Phase       Induction 
Motors''   by  W.  J.   Branson,  before  the 
American    Institute    of    Electrical    En- 
giners,     June    28th,     1912.      An     under- 
standing   of    this    paper,    together    with 
certain    test    results    which    it    suggests, 
should  enable  you  to  solve  your  present 
problem   and  any  allied  problem   which 
may  confront  you  in  the  future. 

G.H.G. 
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Assembly  and  Care  of  Jumpers  and  Receptacles 


To  obtain  the  best  results  from  train  operation,  the 
receptacles  and  jumpers  used  for  carrying  power  from  one 
car  or  locomotive  to  another  must  be  kept  in  good  condition. 
With  receptacles  mounted  on  the  bumper  or  dash,  Uttle  trouble 
is  experienced  except  wearing  of  the  cable.  The  life  of  a  cable 
under  such  conditions  will  be  from  one  to  three  years,  depend- 
ing on  the  frequency  with  which  the  train  connections  have  to 
be  broken  and  coupled.  When  mounted  on  the  drawbar 
carrier  they  are  often  so  close  to  the  roadbed  that  the  cable 
life  may  be  shorter,  due  to  vibration,  general  handling  and 
possibly  to  obstructions,  which  cause  more  rapid  deterioration 
of  the  insulation. 

Where  the  jumpers  have  a  large  number  of  wires,  the 
cable  is  comparatively  large  and  stiff,  and  also,  the  friction  in 
inserting  the  heads  into  the  receptacles  may  be  so  great  that 
the  average  trainman  will  drive  them  into  place.  This  will 
often  result  in  damage  to  the  cable,  and  in  some  places  this 
alone  requires  renewal  more  frequently  than  would  be  neces- 
sary from  wear. 

INSPECTION 

It  is  good  practice  to  test  the  jumper  cable  from  time  to 
time  for  broken  strands.  .In  some  cases  this  is  done  regularly, 
in  periods  of  from  one  to  three  months.  The  most  common 
method  is  to  pass  a  current  of  from  25  to  50  amperes  through 
all  the  wires  in  series  for  a  period  of  30  seconds,  to  see  if 
there  are  any  conductors  which  are  practically  worn  out. 
Another  method  is  to  check  the  voltage  drop  across  a  new 
jumper,  and  then  compare  each  conductor  after  having  been 
in  service  with  this  standard.  Every  six  months  the  individual 
conductors  are  to  be  tested  for  grounds  at  1000  volts. 

ASSEMBLING 

When  it  becomes  necessary  to  assemble  a  train  line  jumper 
using  a  new  cable,  first  examine  an  assembled  head,  and  note 
the  position  of  the  terminals  w'ith  respect  to  the  guide  lug  L, 
Fig.  1,  dismantle  the  heads,  removing  the  old  cable,  and  clean 


Tin  all  cable  ends  and  \vrap  the  ends  of  the  insulation  with 
waxed  thread  or  tape  and  shellac  to  prevent  fraying.  Support 
the  wood  block  and  cable  as  shown  in  Fig.  3,  and  connect  the 
various  wires  according  to  the  diagram,  noting  that  one  pair 
of  wires  is  usually  crossed  in  each  jumper. 

Solder  the  new  leads  with  a  blunt  iron,  using  care  not  to 
injure  the  wood  block  or  insulation.  Alcohol  and  resin  or 
some  neutral  soldering  paste  should  be  used  as  a  flux,  acid 
should  never  be  used.  Remove  excess  flux  and  solder,  scraping 
off  the  wooden  part  if  necessary,  and  paint  with  thin  shellac. 
An  insulation  test  of  1000  volts  is  advisable  at  this  time  to 
make  sure  that  no  short-circuits  or  grounds  exist.  The  new 
wires  should  be  kept  far  enough  apart  to  allow  ozokerite  to 
be  poured  in  properly,  but  not  to  touch  the  metal  casing. 

Replace  the  moving  details  and  assemble,  then  tilt  the 
head  sufficiently  to  allow  the  cavity  to  be  poured  full  of 
ozokerite,  which  must  not  be  hot  enough  to  burn  the  wooden 
parts.  After  the  ozokerite  is  cold,  screw  the  pipe  plug  into 
place. 


"Fiol "  Top-vikw     FIG.  3 

FIG.    1,    2    AND    3 — DETAILS    OF   TRAIN    LINE    JUMPER 

and  tin  the  contacts  before  attempting  to  solder  the  new  cable. 
Prepare  the  cable  as  shown  in  Fig.  2,  using  care  not  to  nick 
the  small  strands  v,'hen  trimming  the  insulation  from  the  ends. 


FIG.   4 ^BUS    LINE    JUMPER 

A — Wrap  with  friction  tape,  half-lapped  and  clamp  tight 
B — Fill  with  ozokerite,  using  care  not  to  have  it  too  hot. 

Bus  line  jumpers  are  assembled  in  a  somewhat  similar 
manner,  but  the  cable  is  of  larger  size,  and  hence  requires 
slightly  different  procedure.  The  general  appearance  of  parts 
is  shown  in  Fig.  4. 

The  construction  of  train  line  receptacles  is  shown  in  Fig. 
5,   and  the   same   general   instructions   apply.     It  is   very  im- 


FIC.    5— DETAILS    OF    I3    CONDUCTOR   TR.'^IN    LINE    RECEPTACLE    WITH 
JUMPER    INSERTED 

portant,  however,  that  the  cavity  be  filled  with  ozokerite,  as 
water  is  liable  to  condense  or  drain  into  it,  especially  where 
the  outlet  recesses  are  above  the  receptacle. 
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Care  and  Repair  of  Commutators 


The  band  over  the  front  V-ring  o£  a  comrantator  shonld 
be  wiped  off  every  month.  Alter  cleaning,  painting  with  an 
air  drying  varnish  makes  cleaning  easier  next  time.  Painting 
every  six  months  is  advisable. 

SMOOTHING  COMMUTATOR  FACE 

Flat  spots,  high  or  low  bars,  ridges,  burned  spots,  etc, 
should  be  smoothed  up.  Where  these  are  not  bad,  the  motor 
need  not  be  removed  from  the  car.  A  tool  can  be  made  by 
mounting  a  block  of  wood  on  a  stick,  one  face  of  the  block 
being  cut  to  the  radius  of  the  commutator  and  lined  with  sand 
paper  or  stone.  As  the  car  is  run  by  the  other  motors,  this 
too!,  held  against  the  commutator,  will  smooth  the  rough 
spots. 

The  armature  should  be  removed  from  the  car  and  placed 
in  a  lathe  for  turning  the  commutator,  if  its  face  is  very 
rough.  Holes  left  by  defective  mica  or  pits  in  the  side  of 
bars  can  be  filled  with  commutator  cement  supplied  by  dealers. 

UNDERCUTTING 

The  commutator  should  be  re-undercut  before  it  is  worn 
flush,  since  the  groove  left  will  guide  the  saw  and  make  the 
work  much  easier. 

Where  commutation  trouble  is  frequent,  it  is  good  practice 
to  use  a  V-shaped  hand  tool  to  round  the  edges  of  the  under- 


FIG.    I — DETAILS    OF    COMMUTATOR    PARTS 
A — Metal    bushing;    B — insulatiog    bushing    or    sleeve;     C — rear    mica 
V-ring;    D — ajsembled    copper   and   mica   segments;    E — mica   strip 
copper    segment   or   bar;    G— front   mica   V-ring; 

cut  grooves  between  bars  to  about  'h  inch  radius.  This  can 
be  done  with  the  motors  in  the  car.  All  particles  of  mica, 
copper,  or  dirt  should  be  removed  from  the  grooves  after 
undercutting. 

REMOVING  LEADS  FROM   COMMUTATOR    NECK 

A  thin  drift,  driven  in  the  top  of  the  slot  in  the  neck 
toward  the  shaft  between  the  side  of  the  commutator  neck  and 
the  top  filling  piece,  will  loosen  the  filling  piece  so  that  it  may 
be  forced  out  by  a  gouge.  Similarly,  windings  may  be  taken 
out  of  the  first  bar.  With  one  set  of  leads  removed  there  is 
enough  space  left  to  bend  one  side  of  the  next  neck,  thus  per- 
mitting the  removal  of  the  leads  by  means  of  the  gouge.  This 
can  be  done  without  heating  the  soldered  joints. 

REPLACING  PARTS  -COMMUTATOR  AND  WINDING  LEFT  ON 
SHAFT 

Where  a  small  number  of  bars  are  to  be  replaced  it  is 
not  necessary  to  remove  all  the  leads  from  the  armature  neck 
or  take  the  commutator  from  the  shaft.  Stand  the  armature 
on  end,  commutator  up.  Mark  each  separate  piece  so  that  it 
may  be  put  back  in  its  old  position.  After  removing  the  ring 
nut  or  bolts,  take  out  the  metal  V-ring  and  mica  V-ring.  If  the 
bars  are  tight,  tapping  with  a  wooden  or  rawhide  mallet  will 
loosen  them.  The  new  bar  must  be  filed  to  the  shape  and 
thickness  of  the  one  which  it  replaces  to  prevent  the  new  bar 


or  the  old  bars  next  to  it  becoming  loose.  Clean  out  the  space 
where  new  bars  fit  and  tap  them  in  with  a  soft  mallet. 

Detached  parts  of  the  commutator  must  be  kept  clean 
and  dry.  When  the  parts  xire  ready  for  rebuilding,  sand  paper 
the  mica  V-ring.  Clean  the  metal  V-ring  and  the  V  in  the 
commutator  bars,  and  paint  the  V  in  the  bars  with  shellac. 
The  shellac  and  brush  must  be  absolutely  free  from  all  dirt  or 
moisture.  After  putting  the  mica  V-ring  and  the  metal  V-ring 
back  in  their  original  positions,  the  ring  nut  or  bolts  are 
drawn  up  fairly  tight. 

Painting  the  threads  of  the  ring  nut  or  bolts  with  very 
thin  white  lead  will  make  it  easier  to  remove  these  parts  next 
time.  The  commutator  should  now  be  heated  to  no  degrees 
C.  in  an  oven  where  the  air  is  dry  and  the  ring  nut  or  the 
bolts  drawn  up  tight  while  the  commutator  is  hot.  The  com- 
mutator should  then  be  turned  in  a  lathe. 

Test  after  these  repairs  should  be  no  volts  alternating 
current  between  commutator  bars  and  looo  volts  alternating 
current  to  ground. 

REPLACING  PARTS-COMMUTATOR  REMOVED    FROM   SHAFT 

When  it  is  necessary  to  replace  the  rear  mica  V-ring,  a 
number  of  segments,  or  a  complete  set  of  segments,  it  is  ad- 
visable   to    remove   the    commutator    from    the    shaft.       The 


FIG.    2 — SECTION    OF    AN     ASSEMBLED    COMMUTATOR 

method  of  taking  down  and  rebuilding  is  the  same  as  before 
described,  being  careful  to  heat  the  commutator  thoroughly 
to  soften  up  the  new  mica  parts,  so  the  ring  or  bolts  can  be 
drawn  up  tight.  To  this  end,  when  the  commutator  is  as- 
sembled it  should  be  put  in  an  oven  and  heated  to  a  temperature 
of  125  to  140  degrees  C.  While  at  this  temperature  the  com- 
mutator is  placed  in  a  press,  using  a  pressure  of  20  to  25  tons 
for  a  50  hp  motor,  and  the  ring  nut  is  drawn  up  tight  while 
under  pressure. 

Complete  sets  of  segments  are  shipped,  temporarily  banded 
together,  with  the  mica  and  copper  segments  in  their  proper 
position.  The  complete  set  should  be  assembled  in  the  com- 
mutator as  a  unit  and  the  temporary  band  should  be  removed 
just  before  the  commutator  is  finally  tightened. 

Test  after  these  repairs  should  be  300  volts  alternating 
current  between  commutator  bars  and  2000  volts  alternating 
current  to  ground. 

Don't  Forget  to  Keep 

Commutator    well    undercut,    3-64-inch   max.;    1-64-mcli   min. 

Front  V-ring   clean  and   well   painted. 

Edges  of  commutator  face  rounded,   3-16-iach    radius,  front;  1-16 

inch  radius,  rear. 
Commutator    free    from    oil. 

Rear  of  commutator  sealed  from  dirt  and  moisture. 
Commutator    tight. 
Face  of   commutator  smooth. 
Neck    full    width. 

Mica  extending  1-16 -inch  at  rear. 
Free  from  grounds  and  short  circuits. 
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Brush  Vibration 

Vibration  of  brushes  in  their  boxes  may  be  due  to  their 
fitting  too  loosely  in  the  boxes,  either  because  they  are  not 
of  the  correct  size  or  because,  on  machines  which  have  been 
in  operation  with  heavy  current  per  brush,  the  brush  boxes 
have  been  eaten  away  inside  so  that  they  are  not  of  uniform 
dimensions.  To  prevent  the  current  which  passes  from  the 
brush  to  the  box  from  eating  away  the  box  in  this  manner, 
low  resistance  shunts  are  provided  for  the  purpose  of  carry- 
ing the  current  to  the  brush  arm  without  passing  from  the 
brush  to  the  box.  However,  due  to  the  dragging  action  of 
the  commutator  surface  on  the  brushes,  they  are  liable  to  bear 
heavily  against  one  side  of  the  box,  especially  at  the  lower 
edge.  Some  current  usually  passes  to  the  box  at  this  point, 
which  burns  away  both  the  boxes  and  the  carbons.  Even- 
tually this  action  may  burn  the  box  away  so  that  it  is  larger 
on  the  end  next  to  the  commutator.  The  brush  then  fits 
tightly  only  at  the  top  and  is  free  to  vibrate  or  chatter  at  the 
commutator  end.  This  action  is  especially  liable  to  occur  if 
the  shunts  or  "pig  tails"  make  bad  contact,  either  at  the  brush 
or  at  the  brush  arm ;  hence  the  importance  of  watching  care- 
fully to  make  sure  that  good  contact  is  made  at  both  places. 


Water  l^Ticel  Velocity 

The  most  efficient  rotative  speed  for  a  water  turbine  of 
the  reaction  type  is  that  which  gives  a  peripheral  speed  of  the 
runner  of  about  six-tenths  the  spouting  velocity  of  the  water. 
This  ratio  has  been  demonstrated  experimentally  and  mathe- 
matically as  being  the  one  at  which  the  energy  losses  due  to 
eddies  and  whirls  of  the  water  passing  through  the  turbine 
are  a  minimum. 

A  water  wheel  of  the  impulse  type  is  most  efficient  when 
the  peripheral  velocity  of  the  runner  is  about  one-half  the 
spouting  velocity  of  the  water.  This  spouting  velocity  equals 
the  yigfi  =  %.02yT7~  where  H  =  the  effective  head  in  feet 
and  g  =  the  value  for  gravity,  in  feet  per  second. 

The  run-away  speed  of  a  water  wheel  unit  is  the  maxi- 
mum speed  which  it  can  attain  when  the  governor  is  wide 
open  and  there  is  no  load  on  the  wheel  other  than  that  due 
to  friction.  The  maximum  possible  run-away  speed  is  that 
at  which  the  peripheral  velocity  is  equal  to  the  spouting 
velocity  of  the  water;  in  other  words,  about  double  normal 
speed  for  an  impulse  wheel  and  about  60  percent  above  normal 
speed  for  a  reaction  turbine.  The  actual  run-away  speed  is 
always  less  than  this  because  of  the  friction  load.  ■  While  this 
load  may  not  be  very  heavy,  it  reduces  the  speed  much  more 
than  in  proportion  to  its  percentage  of  normal  load,  because 
the  efficiency  of  the  water  wheel  is  very  poor  at  run-away 
speed. 


Tke    New   Way 


Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward^Leonard  Resistance 

to  screw  into  a  socket  and  re- 
place lamps. 

WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON,  N.  Y. 

Bad  4  Westburg  Electric  Co.,  Chicago,  111. 
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John  B.  Sebring,  Pittsburgh,  Pa. 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance — not  to  give  light- 
It    offers    ai    interchaneable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light— think 

WARD  LEONARD 

The 
Resistance    Specialists 

Wm.  Miller  Tompkins.  Philadelphia,  Pa. 
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The  phasing  out  of  transmission  lines 
Parallel  j-qj-   parallel   operation   occurs   infre- 

Operation  of       quently   in   the  normal  operation  of 
Transmission      generating    stations    and    substations 
Lines  ^jj^   perhaps   for   this   reason   is  not 

well  understood  by  station  operators.  The  almost  uni- 
versal introduction  of  transformers  between  generators 
and  substations,  especially  when  they  are  star-delta  con- 
nected, produces  complicated  conditions  which  can  be 
worked  out  on  paper  without  difficulty  by  one  skilled  in 
the  use  of  vector  diagrams,  but  which  are  quite  difficult 
to  follow  through  in  an  actual  case,  even  when  all  the 
transformer  connections  and  circuits  can  be  traced 
visually.  In  any  case,  a  method  of  testing  the  polarity 
and  phase  relations  of  the  lines  to  be  paralleled  is  most 
desirable.  Such  a  method  is  described  by  Mr.  E.  C. 
Stone  in  this  issue.  With  a  synchroscope  and  a  three- 
phase  motor,  the  current  relations  between  the  terminals 
of  two  three-phase  circuits  may  be  determined,  and  any 
necessary  rearrangement  readily  made. 

The  great  value  of  this  method  lies  in  its  practica- 
bility. Methods  of  phasing  out  transformers  and  trans- 
mission lines  for  parallel  operation  have  been  known 
for  years,  and  articles  on  this  subject  have  appeared  in 
the  Journal  from  time  to  time.  The  difficulty  with 
methods  based  on  vector  diagrams  is,  however,  that  the 
operator  is  seldom  really  confident  that  his  actual  con- 
nections correspond  to  the  diagram — a  mistake  being 
exceedingly  easy  to  make.  Even  when  the  diagram  re- 
lations are  thoroughly  understood,  this  method  affords 
a  practical  check.  Although  the  tables  give  simplified 
vector  diagrams  for  reference,  the  method  is  entirely 
reliable  without  consideration  of  the  vector  relations.  If 
the  motor  rims  in  the  proper  direction  and  the  synchro- 
scope indication  is  correct,  the  connections  are  suitable 
for  parallel  operation,  regardless  of  the  number  or  con- 
nections of  intervening  transformers.  If  not,  a  simple 
change  will  swing  the  synchroscope  needle  to  the  ver- 
tical or  reverse  the  motor. 

Mr.  Stone's  article  is  especially  valuable  in  that  an 
erroneous  impression  has  apparently  been  common  in 
certain  localities  that  an  induction  motor  alone  would 
give  a  sufficient  test,  and  that  any  two  circuits  which 
would  cause  a  motor  to  run  in  the  same  direction,  would 
operate  in  parallel  satisfactorily.  This  impression  has 
been  corrected  through  the  Journal  Question  Box  De- 
partment several  times.  As  pointed  out  in  the  article, 
there  are  many  relations  which  will  give  correct  rota- 
tion of  a  motor,  but  only  one  which  will  give  correct 
parallel  operation. 


During  the  initial  development  period 
A  Problem  qj-  ^j^g  electrical  industry,  the  difficul- 
in  Local  ^jgg  Qf  distributing  power  electrically 

Transportation  ^q  considerable  distances  were  ap- 
parently insurmountable.  It  was  freely  predicted  that 
transmission  to  distances  greater  than  one  mile  was  im- 
practicable. Today  power  is  being  transmitted  in  this 
form  more  easily  than  in  any  other,  and  to  great  dis- 
tances. As  a  consequence  electricity  is  being  used  to 
solve  many  of  the  difficulties  inherent  in  the  transporta- 
tion of  other  commodities. 

One  of  the  serious  transportation  problems  at  pres- 
ent is  that  of  handling  relatively  small  packages  from 
the  factory  or  store  to  the  home.  The  freight  charge  for 
lOO  pounds  shipped  a  distance  of  500  miles  by  rail  is 
generally  less  than  the  charge  for  haulage  from  the  local 
station  to  destination.  This  condition  does  not  apply  to 
the  delivery  systems  of  the  larger  stores ;  but  even  here 
the  cost  is  no  small  item.  In  spite  of  the  extensive  use 
of  motor  trucks  and  the  location  of  storage  warehouses 
well  out  toward  the  centers  of  distribution,  much  re- 
mains to  be  done,  and  purely  local  distribution  is  still 
one  of  the  big  transportation  problems.  This  problem  is 
accentuated  in  the  case  of  bulky  or  heavy  articles  of  low 
value,  such  for  example,  as  ice.  As  pointed  out  by  Mr. 
McKinney  in  this  issue,  the  delivery  of  ice  may  cost 
more  than  its  manufacture.  In  such  a  case  any  method 
which  will  reduce  the  cost  of  delivery  is  worthy  of  care- 
ful consideration. 

The  ideal  solution  is,  of  course,  the  elimination  of 
ice  as  a  cooling  medium  by  the  use  of  local  motor- 
driven  refrigeration  units.  This  system  is  much  more 
effective,  as  materially  lower  temperatures  can  be  pro- 
duced, and  hence  it  is  used  almost  exclusively  in  cold 
storage  plants,  hotels,  etc.,  is  becoming  customary  in  the 
better  grades  of  apartment  houses  and  will  undoubtedly 
become  general  in  the  better  class  of  homes  in  the  future. 

At  present,  however,  ice  is  necessary  in  most  homes. 
Its  delivery  cost  can  be  materially  reduced  by  locating 
the  ice  plant  close  to  the  local  center  of  distribution. 
This  is  possible  only  with  an  electrically-operated  plant, 
which  can  be  operated  on  a  relatively  small  scale  with 
high  efficiency,  and  in  many  cases  more  cheaply  than 
any  other  type.  It  can  be  made  sightly,  clean,  noiseless 
and  free  from  vibration,  so  that  it  is  unobjectionable  in 
any  neighborhood.  By  the  use  of  electricity,  the  cost 
of  delivering  ice  can  be  reduced  to  a  minimum,  or  alto- 
gether eliminated — which  is  equivalent  to  transporting 
ice  by  wire. 
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J  ©lit  High-Tension  Lines 

vkg  Step-Up  and  Step-Down  Transformers 


E.  C.  Stone 

System  Operator 

Duquesne  Light  Company,  Pittsburgh 


WHEN  a  transmission  line  containing  one  or  more 
groups  of  step-up  and  step-down  transfonners 
is  to  be  connected  to  the  bus  of  a  substation  al- 
ready supplied  by  other  lines  from  the  same  power 
house,  it  is  essential  that  the  connections  be  made  so 
that  the  new  line  can  be  paralleled  with  all  the  other 
lines.  The  introduction  of  transformer  banks  makes 
tlie  situation  complicated,  and  almost  endless  confusion 
may  result  if  a  systematic  method  is  not  adopted  in 
phasing  out  the  new  line.  When  a  suitable  motor  and 
synchroscope  are  available  in  the  substation  the  proper 
connection  may  be  conclusively  and  positively  deter- 
mined. 

It  may  or  may  not  be  practicable  to  parallel  a  line 
having  step-up  and  step-down  transformers  with  an- 
other similar  line  or  with  one  having  no  transformers, 
depending  on  which  of  the  various  connections  are  used. 
Assuming  only  star  and  delta  connections,  which  is  the 
usual  case,  and  considering  the  two  windings  in  each 
transformer  separately,  if  both  lines  have  an  even  num- 
ber of  star  and  even  number  of  delta  connected  wind- 
ings they  will  parallel  with  each  other  or  with  a  line  hav- 
ing no  transformers,  provided  the  transformer  connec- 
tions are  properly  made.  If  both  lines  have  an  odd 
number  of  delta  and  odd  number  of  star  windings  they 
can  be  paralleled  with  each  other  but  not  with  a  line 
having  no  transformers.  If  one  has  an  even  number 
of  star  and  delta  connections,  while  tlie  other  has  an  odd 
number,  they  cannot  be  paralleled  with  each  other. 

If  a  new  line  has  the  proper  number  of  star  and 
delta  transformer  connections  so  that  paralleling  with 
existing  lines  is  possible,  there  may  be,  regardless  of  the 
number  of  transformers  in  the  lines,  only  two  combina- 
tions of  phases  at  the  terminals  of  tlie  windings  next  to 
the  substation  bus.  These  combinations  are  shown  in 
Fig.  I  (a)  and  (b).  They  can- 
not be  paralleled,  for  if  one 
phase  of  the  new  line  is  paral- 
leled with  the  similar  phase 
of  the  bus,  there  will  be  al- 
most double  potential  between 
tlie  third  wire  of  tlie  new  line 
and  the  third  busbar.  Thus, 
.  if  leads  a  and  .v  are  connected 
together,  tliere  will  be  no  volt- 
age between  b  and  y,  and  they 
may  be  connected  together, 
thus  paralleling  the  horizontal  phases  ab  and  xy.  When 
this  has  been  done,  hov^'ever,  it  will  be  found  that  there 
is  a  voltage  equal  to  i.r.;  times  the  line  voltage  between 
the  third  wires  c  and  c,  as  indicated  by  the  distance  be- 
tween c  and  s,  when  xy  is  placed  so  as  to  coincide  with 
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FIG. 


-POSSIBLE    PHASE 
COMBINATIONS 

Of  a  line  having  proper 
transformer  connect  ions 
for  parallel   operation. 


ab.  It  is  evident,  therefore,  that  forparallel  operation  the 
transformers  must  be  connected  so  as  to  give  like  rela- 
tive phase  relations.  This  can  always  be  done  by  a 
proper  connection  of  the  windings  nearest  the  substa- 
tion bus — no  other  connections  in  either  line  need  to  be 
disturbed. 
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FIG.    2 — CON.NECTIOXS    OF 
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Even  after  the  proper  transformer  connection  has 
been  obtained,  it  is  still  possible  that  any  lead  of  the 
line,  as  brought  into  the  station,  may  correspond  to  any 
busbar;  thus  in  Fig.  i,  lead  x,  y,  or  s  may  correspond  to 
bus  a.  For  parallel  operation,  of  course,  the  line  phases 
must  correspond  to  the  bus  phases,  so  that  a  change  in 
the  connections  of  the  line  wires  to  the  bus  may  also 
be  necessai-y  before  parallel  operation  is  secured. 

Taking  into  account  the  two  possible  transformer 
phase  combinations  and  the  different  ways  in  which  the 
leads  may  be  brought  to  the  bus,  there  are  in  all  twelve 
different  phase  relations  which  may  exist  between  a 
new  line,  as  originally  installed  and  the  substation  bus. 
Of  these,  only  one  will  permit  of  parallel  operation,  so 
that  the  problem  is  to  discover  the  one  connection  which 
is  operative.  In  the  method  under  discussion,  the  cor- 
rect connection  is  predetermined  from  the  existing  con- 
nection by  the  combined  indications  of  a  single-phase 
synchroscope  and  an  ordinary  three-phase  motor.  The 
synchroscope  is  used  to  find  corresponding  individual 
phases ;  while  the  motor,  by  the  direction  of  its  rotation, 
indicates  which  of  the  two  possible  transformer  connec- 
tions described  above  exist  in  the  particular  case  under 
investigation.  For  parallel  operation  the  synchroscope 
must  show  synchronism  and  the  motor  must  rotate  in 
the  same  direction  when  like  leads  are  connected  to  cor- 
responding phases  of  line  or  busbar. 

When  the  line  to  be  paralleled  has  been  brought  to 
the  substation  bus  and  connections  made  with  the  syn- 
chroscope, the  first  procedure  is  to  test  the  synchroscope 
connections.     The  ordinary   connections   for  a   single- 
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phase  synchroscope  at  a  substation  are  shown  in  Fig.  2. 
Potential  transformers  are  installed  across  like  phases 
of  each  transmission  line  and  of  the  substation  bus.  The 
secondaries  are  arranged  so  that  any  transformer  can 
be  connected  by  means  of  a  plug  switch  to  either  coil 
of  the  synchroscope.  Thus,  with  one  plug  the  potential 
transformer  of  any  line  is  connected  to  the  coil  1-2  of 
the  synchroscope,  while  with  the  other  plug  the  potential 
transformer  is  put  across  coil  S'4- 

The  line  to  be  phased  out,  or  the  section  of  it  com- 
ing into  the  substation,  should  be  energized  from  the 
substation  bus,  and  the  synchroscope  plugs  placed  on 
this  line  and  on  the  substation  bus.  With  this  done,  the 
synchroscope  pointer  obviously  should  indicate  syn- 
chronism by  taking  the  upright  vertical  position.  If 
such  is  not  the  case,  die  synchroscope  wiring  should  be 
reconnected  to  the  new  line  so  that  the  proper  indication 
will  be  given.  If  there  are  synchronising  lamps  in  the 
synchroscope  circuit  they  should  be  cut  out  while  the 
test  is  being  made,  as  they  disturb  the  synchroscope 
readings. 


when  the  new  line  is  energized  from  the  substation  bus, 
transfer  the  high  tension  lead  which  comes  out  of  the 
same  side  of  the  potential  transformer  case  as  the  sec- 
ondary lead  going  to  the  synchroscope  plug  terminals  to 
the  third  line  wire  Z,  Fig.  2.  This  connection  may 
easily  be  made  across  the  disconnecting  switches  of  the 
line  under  test,  as  shown  in  Fig.  2  by  a  dotted  line  con- 
necting wires  X  and  Z.  When  this  connection  has  been 
made,  leave  the  disconnecting  switches  on  phases  X  and 
Z  open,  close  that  on  phase  Y,  Fig.  2,  and  energize  the 
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FIG.    3 — CONNECTIONS    OF    SYNCHROSCOPE 

The  substation  bus-bars,  synchroscope  dial,   incoming  line 
ind  transformer  leads  are  marked  to  agree  with  Figs.  4  and  5. 

The  two  busbars  to  which  the  synchroscope  trans- 
former is  connected  should  then  be  determined  and 
marked  A  and  B.  Corresponding  wires  of  the  new  line 
■should  also  be  determined,  that  corresponding  with  bus 
A  being  marked  X  and  that  corresponding  with  bus  B 
being  marked  Y.  The  third  busbar  and  the  third  line 
wire  should  be  marked  C  and  Z  respectively.  The  sec- 
ondary leads  of  the  transformer  bank  nearest  the  sub- 
station in  the  new  transmission  line  should  be  marked 
ah,  cd,  cf,  corresponding  to  lines  X,  Y,  and  Z,  as  shown 
in  Fig.  3.  No  change  in  connections  will  be  required 
further  back  on  the  line  than  the  secondaries  of  the 
ti-ansformers  nearest  the  substation. 

The  position  of  the  synchroscope  pointer  for  any 
given  connection  of  the  line  under  test  will  depend  on 
which  coil  of  the  synchroscope  is  connected  to  the  po- 
tential transformer  of  that  line.  To  determine  which 
coil  of  the  synchroscope  should  be  connected  across  the 
bus  and  which  across  the  new  line  so  that  tlie  connec- 
tions shown  in  Figs.  4  and  5  will  prove  correct,  proceed 
as  follows: — 

After  the  synchroscope  connections  to  the  new  line 
have  been  made  so  that  synchronism  will  be  indicated 


FIG.   4 — PHASE  RELATIONS   OF   A   LINE   HAVING   TRANSFORMER 
SECONDARIES   NEAREST  THE   SUBSTATION   CONNECTED   DELTA 

2  and    4  o'clock  on  slow  side  of  synchroscope. 
8  and  10  o'clock  on  fast  side  of  synchroscope. 

line  by  closing  the  oil  switch.  Mark  the  synchronizing 
plugs  I  and  2  and  place  them  so  that  plug  i  will  connect 
one  coil  of  the  synchroscope  to  the  bus  and  plug  2  will 
connect  the  other  coil  to  the  line  under  test.  If  the 
pointer  then  reads  60  degrees  fast,  plug  2  is  the  one 
which  is  to  be  used  on  the  line  whose  phases  are  to  be  de- 
termined, while  plug  /  is  to  be  used  on  the  station  bus. 
If,  however,  the  synchroscope  pointer  shows  60  degree? 
slow,  then  plug  i  is  the  one  to  use  on  the  line  under  test. 
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and  plug  2  should  be  used  on  the  bus.  After  this  check 
test,  the  former  connection  by  which  synchronism  was 
indicated  when  the  new  line  is  coimected  to  the  bus, 
should  be  restored.  If  the  scheme  of  Fig.  2  is  used, 
this  simply  means  removing  the  dotted  connection  be- 
tween phases  X  and  Z  and  putting  in  the  disconnecting 
switches  on  all  three  phases.  If  potential  transformers 
are  installed  on  two  or  three  phases  of  the  high-tension 
bus  and  line,  the  above  check  test  may  be  made  on  the 
secondary  instead  of  on  the  primary  winding. 

In  this  discussion,  it  is  assumed  for  convenience 
that  the  synchroscope  is  marked  like  a  clock  dial,  2 
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iation  in  line  regulation,  and  if  the  pointer  is  definitely 
nearer  one  position  than  another,  it  may  be  assumed  to 
be  at  the  position  to  which  it  is  nearest.  This  error  is, 
of  course,  greatest  at  periods  of  heavy  loads.  In  order 
to  avoid  uncertainity  it  is  advisable  to  make  the  tests  at 
times  when  the  load  is  as  light  as  possible. 

After  the  synchroscope  connections  have  been  prop- 
erly arranged,  a  motor  of  any  convenient  type  or  size,' 
provided  it  is  a  three-phase  motor,  should  be  arranged 
so  that  it  can  be  connected  to  the  new  line  or  the  sta- 
tion bus.  If  a  short  interruption  to  the  station  service 
is  permissible,  this  can  be  accomplished  simply  by  con- 
necting the  motor  to  the  bus,  and  energizing  the  bus 
from  an  old  line  or  the  new  line,  as  required.  If  an  in- 
terruption is  not  permissible,  it  will  be  necessary  to 
make  a  special  connection  between  the  motor  and  the 
new  line;  in  which  case  care  must  be  taken  that  each 


FIG.   S — PHASE  RELATIONS   OF   A   LINE    H.WING   TRANSFORMER 
SECONDARIES    NEAREST   THE    SUBSTATION    CONNECTED    STAR 

2  and    4  o'clock  on  slow  side  of  synchroscope. 
8  and  10  o'clock  on  fast  side  of  synchroscope. 

o'clock  corresponding  to  60  degrees  lagging,  etc.  How- 
ever, 2  and  4  must  be  on  the  side  of  the  dial  marked 
slow,  as  it  is  assumed  that  the  right  hand  side  of  the 
dial  is  the  slow  side.  If  tlie  left  hand  side  is  the  slow 
side  in  any  particular  instance,  the  numbering  should  be 
counter  clockwise. 

Since  both  line  and  bus  are  fed  from  the  same  gen- 
erating system,  it  is  evident  that  the  angle  between 
phases  must  always  be  o,  60,  120,  180,  240,  or  300  de- 
grees, indicated  by  12,  2,  4,  6,  8,  or  10  o'clock  on  the 
synchroscope.  A  slight  displacement  of  the  synchro- 
scope pointer  from  these  positions  merely  indicates  var- 
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FIG.    6 — CONNECTIONS    AND   VECTOR   RELATIONS    FOR   DELTA-STAR, 
STEP-UP   AND    STEP-DOWN    TRANSFORMATIONS 

For  parallel  operation  with  lines  having  no  transformers. 

motor  lead  is  connected  to  corresponding  phases  of  bus 
and  line. 

In  Figs.  4  and  5  the  motor  rotation  is  designated  as 
direct  or  reverse,  which  terms  are  defined  as  follows : — 
Assume  that  the  motor  is  connected  only  to  the  sta- 
tion bus,  so  that  it  is  run  from  an  old  line  or  the  new 
line,  according  to  which  is  feeding  the  bus,  as  suggested 
above.  The  direction  of  rotation  which  it  has  when 
the  bus  is  fed  from  the  old  line  is  termed  direct  while 
the  opposite  direction  is  termed  reverse. 

Everything  being  in  readiness,  the  new  line  should 
be  energized  from  the  power  house.  If  normal  voltage 
appears  on  all  three  wires,  start  the  motor  on  the  new 
line  and  note  whether  the  rotation  is  direct  or  reverse. 
Then  connect  the  synchroscope  to  bus  and  line  through 
the  respective  plug  switches  determined  by  the  check 
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test  just  explained  and  note  the  position  of  the  pointer. 
The  phase  relations  of  the  new  line  are  now  determined. 
If  the  machine  has  the  direct  rotation  and  tlie  pointer  is 
in  the  upright  vertical  position,  absolute  synchronism  is 
indicated  and  no  change  in  connections  is  necessary. 
This  will  probably  not  happen,  and  if  any  other  rela- 
tion is  shown,  the  connection  must  be  changed. 

In  Figs.  4  and  5  are  shown  the  changes  in  connec- 
tions which  will  be  required  for  every  combination  of 
delta  and  star  connections.  Thus,  suppose  that  when 
the  motor  is  started  on  the  new  line  it  shows  reverse  ro- 
tation, while  the  synchroscope  pointer  shows  an  indi- 
cation corresponding  to  2  o'clock.  These  indications 
show  from  Fig.  4,  that  the  phaseXFof  the  new  line  cor- 


responds to  phase  AC  oi  the  bus  and  that  by  reversing 
wires  }'  and  Z  the  proper  connection  is  obtained.  On 
the  other  hand,  if  direct  rotation  is  shown  with  the  same 
synchroscope  indication,  although  phase  XY  still  corre- 
sponds to  phase  AC,  the  phase  rotation  is  wrong  and  the 
delta  connection  of  the  transformers  must  be  changed 
in  order  to  get  the  proper  connection  for  parallel  op- 
eration. 

The  correct  connections  for  a  combination  of  delta- 
star  step-up  transformers  and  delta-star  step  down 
transformers  which  will  operate  in  parallel  with  a  line 
having  no  transformers  may  be  uncertain,  and  for  this 
reason,  two  sets  of  connections  which  will  give  the  de- 
sired result  are  shown  in  Fig.  6. 
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COPPER  is  one  of  the  most  universally  used  metals 
for  electrical  conductors,  chiefly  because  of  its 
great  pliability  and  high  conductivity.  Its  con- 
ductivity is  the  highest  of  any  known  metal  except  sil- 
ver, which  has  a  slightly  greater  conductivity  when 
based  on  a  definite  cross-section  and  length.  When  based 
on  a  definite  weight  and  length,  the  conductivity  of  cop- 
per is  greater  than  that  of  silver,  due  to  the  higher 
density  of  the  latter.  Copper  is  comparatively  soft  and 
can  be  readily  worked  into  any  desired  form  or  shape, 
but  this  working  causes  it  to  harden  quickly,  and  fre- 
quent annealing  may  be  necessary.  Its  tensile  strength  is 
fairly  high,  as  compared  with  most  other  metals.  Its  cost 
is  high  compared  with  iron  and  steel  but  its  character- 
istics present  advantages  which  more  than  offset  the  in- 
creased cost. 

PHYSICAL  CHARACTERISTICS  OF  COPPER  WIRES. 

Copper  is  used  as  an  electrical  conductor  chiefly  in 
the  form  of  round  wires,  square  wires  and  in  ribbon 
form.  In  this  article,  however,  the  term  "copper 
wire"  will  refer  only  to  round  wires. 

The  tensile  strength  of  annealed  copper  wire  based 
on  pounds  per  square  inch  varies  with  the  size  of  the 
wire.  The  smaller  the  wire,  the  greater  the  tensile 
strength.  This  is  due  to  the  increased  working  which 
the  wire  receives  in  passing  through  the  reducing  dies. 
This  increase  in  strength  is  accompanied  by  a  hardening 
of  the  wire  in  passing  through  the  dies  and  it  must  be 
annealed  at  intervals  during  its  reduction  in  order  to 
prevent  it  from  becoming  too  brittle.  However,  it  is  dif- 
ficult to  anneal  the  smaller  sizes  of  wire  thoroughly, 
and  this  accounts  for  the  increase  in  strength  and  the 
decrease  in  ductility.  Soft  annealed  wire  is  wire  which 
has  been  annealed  after  the  last  drawing  operation. 
Hard  drawn  copper  wire  is  not  annealed  after  the  last 
drawing  and  has  a  considerably  higher  tensile  strength 
and  correspondingly  lower  ductility. 

The  tensile  strength  of  soft  annealed  copper  wire 


varies  from  32000  to  40000  pounds  per  square  inch, 
and  the  elongation  in  a  standard  10  inch  test  specimen 
varies  from  35  to  20  percent.  Hard  drawn  copper  wire 
varies  in  tensile  strength  from  45  000  to  68  000  pounds 
per  square  inch,  according  to  the  size  and  degree  of 
hardness.  The  elongation  in  10  inches  varies  from  3.8 
to  0.7  percent.  The  standard  value  for  the  density  of 
annealed  copper,  as  adopted  by  the  American  Society 
for  Testing  Materials,  the  A.  I.  E.  E.  and  the  Interna- 
tional Electrotechnical  Commission  is  8.89  grams  per 
cu.  cm.  at  20  degrees  C. 

ELECTRICAL  CHARACTERISTICS. 

The  conductivity  of  copper  is  sometimes  expressed 
as  a  percentage,  on  the  basis  of  a  determination  made 
by  Matthiessen,  about  1865.  The  value  which  he  found 
for  supposedly  pure,  soft  copper  was  a  resistance  of 
o.  141 73  international  ohms  per  meter  gram  at  o  degrees 
C,  which  is  equivalent  to  0.153022  at  20  degrees  C. 
Copper  of  this  value  was  considered  of  100  percent  con- 
ductivity. In  later  years,  however,  methods  of  refining 
copper  have  advanced  and  it  is  not  uncommon  at  the 
present  time  to  find  copper  of  greater  conductivity  than 
100  percent  on  the  above  basis. 

In  1913,  the  International  Electrotechnical  Commis- 
sion reached  an  agreement  upon  the  value  of  0.15328 
ohms  per  meter-gram  at  20  degrees  C.  for  the  resistivity 
of  copper  having  100  percent  conductivity.  This  is  the 
standard  adopted  by  the  A.  S.  T.  M.  for  soft  annealed 
copper  wire.  A  minimum  conductivity  of  98  percent  on 
this  basis  is  common  practice  for  standard  specifica-. 
tions. 

The  electrical  resistivity  of  copper  increases  with 
increased  temperature.  However,  the  rate  of  increase  is 
not  constant  but  decreases  with  increase  in  temperature, 
so  that  forevery  different  temperature,  copper  has  a  dif- 
ferent coefficient  of  resistance.  The  coefficient  of  resis- 
tance also  varies  with  the  percent  conductivity  of  the 
copper,  increasing  with  increased  conductivity. 
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The  temperature  coefficient  of  resistance  of  an- 
nealed copper  of  lOO  percent  conductivity  at  20  degrees 
C.  is  approximately  0.00393  per  degree  C.  This  means 
that  for  one  degree  C.  rise  in  temperature  at  20  degrees, 
the  resistance  will  increase  0.393  percent.  The  coefficient 
can  be  calculated  for  other  temperatures  and  degrees  of 
conductivity  from  the  following  formula, — 


+  ((,  -  20) 


n   (0.00393) 

Where,  h  =  the  temperature  at  which  coefficient  is  desired, 
and  n  =  the  conductivity  at  which  coefficient  is  desired,  {e.  g., 
at  99  percent.,  «  =  0.99). 

It  is  sometimes  necessary  to  reduce  a  resistance 
value  at  a  given  temperature  to  the  equivalent  value  at 
another  temperature.  The  following  formula  will  be 
found  convenient, — 

Ki  =  Ru  [i  +  a,.  ((  —  /,)] 
Where  Rn  =  resistance  at  the  given  temperature  tt 

oti  ^  temperature  coefficient  of  resistance  at  tem- 
perature t, 
t  =  temperature  at  which  resistance  is  desired. 

The  amount  of  current  which  can  be  carried  by  a 
conductor  depends  upon  a  great  many  factors,  chief 
among  which  is  the  limiting  rise  in  temperature  and 
this  again  depends  upon  the  nature  of  the  covering  and 
surrounding  conditions.  Some  coverings  are  affected  by 
a  comparatively  low  rise  in  temperature  and  others  can 
withstand  much  higher  temperatures  without  deteriora- 
tion. Frequently,  when  the  conductor  forms  a  coil  in 
certain  apparatus,  soine  parts  of  the  apparatus  must  be 
kept  below  a  given  temperature  and  this  would  be  the 
limiting  factor  in  fixing  the  amount  of  current  to  be 
carried.  For  this  reason  it  is  impossible  to  state  the 
safe  carrying  capacity  of  any  wire  unless  all  the  sur- 
rounding conditions  with  respect  to  ventilation  and  heat 
conductivity  are  definitely  known,  and  unless  the  term 
"safe"  is  defined  in  terms  of  degrees  rise  of  tempera- 
ture. A  table  of  carrying  capacity,  such  as  that  pub- 
lished by  the  National  Board  of  Fire  Underwriters, 
simply  means  that  under  the  worst  possible  conditions 
of  heat  dissipation,  a  wire  carrying  the  specified  current 
will  not  become  hot  enough  to  damage  the  insulation. 

If  a  conductor  is  imbedded  within  a  mass  of  insula- 
tion, the  heat  which  is  generated  will  not  be  dissipated 
so  rapidly  as  if  near  the  surface  or  adjacent  to  materials 
which  are  good  heat  conductors,  or  as  if  blown  over  by 
air  currents.  Therefore,  for  a  given  rise  in  temperature, 
the  maximum  carrying  capacity  is  attained  when  the 
conductor  is  so  situated  that  the  heat  dissipated  by  radi- 
ation, conduction  and  convection  is  a  maximum. 

Another  factor  which  determines  the  amount  of 
current  which  can  be  carried  for  a  given  rise  in  tem- 
perature is  the  continuity  of  the  service.  Conductors 
can  be  rated  higher  for  intermittent  than  for  continuous 
service.  In  certain  cases  where  the  current  is  on  for  a 
short  period  and  off  for  a  long  period,  the  conductor 
can  safely  carry  several  times  the  normal  current  per- 
missible for  continuous  service. 

COPPER  WIRES  AS  CONDUCTORS. 

Round  copper  wires  are  used  as  conductors  in  the 


solid  form  or  stranded  or  bunched  together,  or  they  may 
be  braided  together.  Solid  wires  are  desirable  wherever 
their  stiffness  will  not  prevent  them  from  being  used, 
since  they  are  cheaper  and  have  a  slightly  smaller  dia- 
meter for  a  given  carrying  capacity.  For  conduit  work 
stranded  conductors  are  generally  required,  except  for 
very  small  sizes,  on  account  of  the  greater  flexibility 
which  they  possess.  The  diameter  at  any  point  is  de- 
ternimed  by  an  ordinary  micrometer  gauge  reading  to 
one  diousandth  of  an  inch,  and  capable  of  being  inter- 
polated for  one  ten-thousandth.  A  more  accurate  gauge 
reading  direct  to  one  ten-thousandth  is  sometimes  used 
for  gauging  the  very  small  sizes.  The  standard  specifi- 
cations for  annealed  copper  wire,  of  the  American 
Society  for  Testing  Materials,  allows  a  commercial  var- 
iation of  one  percent  over  or  under  the  specified  dia- 
meter, for  wire  o.oio  in.  in  diameter  and  larger.  For 
smaller  diameters,  a  variation  of  o.oooi  in.  over  or  un- 
der is  allowed. 

The  circular  milage  is  determined  by  squaring  the 
diameter  in  thousandths  of  an  inch  expressed  as  a  whole 
nuinber — e.  g.,  wire  of  0.036  in.  diameter  =  36^  =  1296 
circ.  mils.  The  resistance  of  a  copper  wire  of  a  given 
length  at  a  given  temperature  is  determined  by  dividing 
the  standard  resistance  of  a  circ.  mil  of  the  same 
length  at  the  same  temperature  by  the  number  of  circ. 
mils  in  the  wire.  The  standard  resistance  of  a  copper 
wire  of  98  percent  conductivity,  one  circ.  mil  in  cross- 
section,  and  one  foot  long  is  10.789  ohms  at  25  degrees 
C.  For  example,  the  resistance  of  1000  feet  of  wire 
0.036  in.  in  diameter  is  obtained  by  dividing  10789  by 
1296,  giving  8.325  ohms  at  25  degrees  C. 

The  most  common  terms  used  in  expressing  resis- 
tance are : — "Ohms  per  circ.  mil  foot",  "ohms  per  square 
mil  foot",  "ohms  per  meter  gram"  and  "microhms  per 
cubic  centiineter".  There  are  other  terms  less  common, 
such  as  "microhms  per  cubic  inch",  "pounds  per  mile 
ohm",  etc.  The  terminology  in  most  common  use  is 
"ohms  per  meter  gram",  which  is  the  standard  termin- 
olog>'  of  the  Bureau  of  Standards. 

Frequently,  when  the  resistance  is  given  in  certain 
terms,  it  is  necessary  to  make  a  conversion  to  other 
terms  for  the  purpose  of  comparison.  Simple  formulae 
for  making  these  conversions  have  been  worked  out,  and 
apply  for  other  metals  as  well  as  copper,  as  follows, — 

7?,  =  6or.53    j)   ('> 

i?2  =  472.455  u     ^^^ 

/?a  =  100  7^ (3) 

Where  R    —  ohms  per  meter  gram. 
Ri  =  ohms  per  circ.  mil  foot. 
Rs  =  ohms  per  square  mil  foot. 
Rj  =  microhms  per  cubic  centimeter. 
D    =  density  of  material  in  grams  per  cubic  centi- 
meter. 
Taking  the  standard  density  of  copper  at  8.89,  the 
above  formulae  when  used  for  copper,  become, — 

R,  =  67.664  R  =  1.273  R--  =  6.015  R2 (4) 

R2  =  53-145  R  =  0-7854  R^  =  4724  R2 (5) 

/?3  =  11.249  R  =  0.1662  Ri  =  0.21 17  R: (o) 
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METHODS  OF  STRANDING. 

There  are  two  general  methods  of  stranding  con- 
ductors. One  is  known  as  concentric  stranding  and  the 
other  as  rope  stranding.  A  concentric  strand  of  seven 
wires  is  made  up  with  one  wire  as  a  center,  and  a  layer 
containing  the  other  six.  One  of  19  wires  consists  of  a 
center  wire,  a  layer  of  six  and  a  layer  of  twelve.  One 
of  37  wires  consists  of  a  center  wire,  a  layer  of  six,  a 
layer  of  12,  and  a  layer  of  18.  In  a  perfect  concentric 
stranding,  each  layer  contains  six  more  wires  than  the 
layer  immediately  beneath  it.  Fig.  i  shows  the  construc- 
tion of  a  concentric  cable  of  19  wires. 

If  in  a  concentric  cable  each  individual  conductor  is 
replaced  by  a  small  concentric  cable,  a  form  qf  rope 
stranded  cable  is  produced.  A  rope  stranded  cable  of 
49  wires,  having  seven  strands  of  7  wires  each  is  shown 
in  Fig.  2.  This  is  the  smallest  number  of  wires  from 
which  a  rope  stranded  cable  can  be  constructed.  Fig.  3 
shows  a  rope  stranded  cable  of  133  wires,  having  19 
strands  of  7  wires  each.  In  Fig.  4  is  shown  a  different 
form  of  rope  stranded  cable,  of   seven  strands,  each 


Fic.  3 

FIG.    I — CONCENTRIC    STRANDING 

IQ  wires,  each  0.102  inch  diameter.  Outside  diameter 
0.510  inch. 

FIG.    2 —   ROrE    STRANDING 

49  wires,  7  strands,  each  wire  0.0635  inch  diameter.  Out- 
side diameter  0.572  inch. 

FIG.    3 — ROPE   STRANDING 

133  wires,  19  strands,  each  wire  0.0386  inch  diameter. 
Outside  diameter  0.579  inch. 

FIG.   4 — R0I>    -STRANDING 

133  wires,  7  strands,  each  wire  0.0386  inch  diameter. 
Outside  diameter  0.579  inch. 

FIG.    5 — SOLID   WIRE 

Of  the  same  cross-sectional  area  (197676  circ.  mils.)  as 
the  cables  in  Figs,  i  to  4.     Diameter  0.4447  inch. 

strand  consisting  of  a  concentric  cable  of  19  wires,  mak- 
ing a  total  of  133  wires,  the  same  as  in  Fig.  3.  Other 
arrangements  are  given  in  Table  I. 

The  various  layers  of  both  a  concentric  and  a  rope 
stranded  cable  are  made  up  with  the  wires  or  strands 
laid  spirally  around  the  central  wire  or  strand.  Adjacent 
layers  are  put  on  spirally  in  opposite  directions.  The 
wires  are  also  laid  spirally  in  each  of  the  strands  of  a 
rope  stranded  cable.  The  number  of  revolutions  in  the 
spiral  per  inch  of  length  of  the  cable  or  in  other  words, 
the  pitch  of  the  twist  of  the  wires,  known  as  the  "Lay", 
depends  upon  the  size  of  the  individual  wires,  the  size 
of  the  cable,  and  the  position  of  the  layer  in  the  cable. 
In  some  cases,  the  outer  layer  has  the  longest  spiral  and 
the  inner  layer  the  shortest;  in  other  cases  the  reverse 
of  this  is  true.  They  vary  from  about  one  revolution  in 
one  inch  to  about  one  revolution  in  12  inches. 

Figs.  I,  2,  3  and  4  are  reproduced  to  the  exact  size 
of  the  wires,  and  all  represent  cables  of  the  same  total 
circular  milage.  From  these  the  effect  of  stranding  on 
diameter  can  be  seen.  For  comparison.  Fig.  5  shows  the 


relative  diameter  of  a  solid  conductor  of  the  same  circu- 
lar milage.  A  rope  stranded  cable  is  more  flexible  than 
a  concentric  cable  of  the  same  size  wires,  but  the 
diameter  and  the  cost  is  greater.  The  degree  of  flexibil- 
ity of  a  rope  stranded  cable  depends  upon  its  construc- 
tion. The  most  flexible  construction  is  that  in  which  no 
strand  contains  more  than  seven  wires.  Fig.  3  illustrates 
a  more  flexible  cable  than  Fig.  4,  although  built  from 
the  same  nuiuber  of  wires,  of  the  same  size,  and  having 
the  same  overall  diameter. 

TABLE  I— ARRANGEMENTS  OF  CABLE  STRANDS. 


Concentric  Strandings 
Constructed  as  per  Fig.  \. 


Number  of  Wires 

Factor  for 
Diameter 

H-  ti=     7 

3 

7+12=   19 

5 

19+18=  37 

7 

37+24=  61 

9 

61+30=  91 

11 

91+36  =  127 

13 

127+42=169 

15 

169+48  =  217 

17 

217+54  =  271 

19 

271+60  =  331 

21 

331+66  =  397 

23 

397+72  =  469 

25 

469+78  =  547 

27 

547+84  =  631 

29 

631+90  =  721 

31 

Rope  Strandines 

Constructed  as  per  Fig.  3. 

1+  6X1=       7 

3 

7+  6X7=     49 

9 

49+12X7=   133 

15 

1.33+18X7=  259 

21 

259+24X7=  427 

27 

427+30X7=  637 

33 

637+36X7=  889 

39 

889+42X7  =  1183 

45 

1183+48X7  =  1519 

51 

1519+54X7  =  1897 

57 

1897+60X7  =  2317 

63 

Rope  Strandings 

Constructed  as  per  Fig.  4. 

19+  6X19=   133 

133+12X19=  361 

361  +  18X19=  703 

703+24X19  =  11.59 

1159+30X19  =  1729 


Rope  Sirandings 
r  Other  Constructions. 


Number  of  Wires 


49+  6X49=  343 
343+12X49=  931 
931  +  18X49  =  1813 


133+6X133=   931 


259+6X259=1813 


37+  6X37=  259 
259+12X37=  703 
703+18X37=1369 
1369+24X37  =  2257 


61+  6X61=  427 
427+12X61  =  1159 
1159+18X61  =  2257 


91+  6X91=  637 
637+12X91  =  1729 


127+6X127=  889 


169+6X169=1183 


217+6X217=1519 


271+6X271  =  1897 


331+6X331  =  2317 


Factor 

for 

Diameter 


The  diameter  of  a  cable  is  the  diameter  of  the  en- 
closing circle.  It  is  rarely  measured  by  a  micrometer 
gage  but  is  determined  more  quickly  and  accurately  by 
simple  calculation.  The  diameter  of  a  concentric  cable 
of  seven  wires  is  three  times  the  diameter  of  one  of  the 
wires.  For  a  19  wire  concentric  cable  the  diameter  is 
five  times  that  of  one  wire.  For  a  37  wire  concentric 
cable  the  diameter  is  seven  times  that  of  one  wire.  For 
each  additional  layer  the  multiplying  factor  increases 
by  two. 

The  diameter  of  a  rope  stranded  cable  of  49  wires 
is  nine  times  the  diameter  of  one  of  the  wires.  For  a 
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133  wire  rope  stranded  cable,  the  diameter  is  15  times 
that  of  one  wire.  For  each  additional  layer  of  rope 
strands  containing  seven  wires  each,  the  multiplying 
factor  increases  by  six.  This  can  be  easily  seen  by  refer- 
ence to  the  figures  and  to  Table  I  which  shows  the 
number  of  wires  in  concentric  and  rope  strandings,  the 
method  of  determining  the  number  of  wires,  and  the 
multiplying  factor  for  determining  the  diameter  of 
the  cable.  The  diameter  for  any  number  of  wires  shown 
is  determined  by  multiplying  the  diameter  of  one  indi- 
vidual wire  by  the  corresponding  factor. 

The  circular  milage  of  a  stranded  conductor  is 
taken  as  the  sum  of  the  area  in  circ.  mils  of  each  indi- 
vidual wire.  Its  resistance  is  determined  by  dividing  the 
resistance  of  one  of  the  wires  by  the  total  number  of 
wires.  This  does  not  take  into  consideration  the  eflFect 
of  spiralling.  The  resistance  and  size  of  a  stranded  con- 
ductor are  greater  than  that  of  a  solid  conductor  of  the 
same  cross-sectional  area,  depending  upon  the  lay  or 
amount  of  spiralling.  For  practical  purposes,  however, 
an  "increase  of  two  percent  is  the  recognized  standard, 
both  for  resistance  and  size. 

INSULATED  WIRES  AND  CABLES. 

Most  conductors  lequire  an  insulating  covering  to 
keep  them  from  coming  in  contact  with  adjacent  con- 
ductors or  other  metal  parts  or  the  ground,  and  to  pro- 
tect against  shock  through  accidental  contact  or  to  en- 
able the  conductors  to  be  handled  as  in  portable  appa- 
ratus. 

Various  kinds  of  insulation  are  used  depending  up- 
on the  application  of  the  cable.  The  word  "cable"  here 
is  used  to  include  eitlier  a  stranded  conductor  or  a  solid 
wire,  depending  upon  its  application.  There  are  two  gen- 
eral classes  of  cables — those  having  a  rubber  compound 
as  the  principal  insulation  and  those  depending  upon  in- 
sulating materials  other  than  rubber. 

Rubber  insulated  wires  and  cables  may  be  either 
flameproof  or  weatherproof,  or  they  may  be  lead  cov- 
ered. Weatherproof  cables  have  the  outer  braid  satu- 
rated with  a  moisture  proof  gum  or  similar  compound 
which  will  withstand  a  temperature  of  about  50  degrees 
C.  without  becoming  soft  or  tacky.  Flameproof  cables 
have  the  outer  braid  saturated  with  a  flameproof  com- 
pound which  prevents  a  flame  from  spreading  along 
the  cable  in  case  the  rubber  is  ignited  through  a  short- 
circuit  or  other  cause.  The  outer  braid  of  a  flameproof 
cable  will  not  support  combustion  when  a  flame  is  ap- 
plied, whereas,  a  weatherproof  braid  will  burn  readily. 

The  conductors  of  most  rubber  covered  cables 
are  tinned  in  order  to  prevent  the  sulphur  in  the  rubber 
compound  from  attacking  the  copper,  and  to  facilitate 
making  soldered  connections.  The  conductors  are  also 
covered  with  a  wrapping  of  fine  cotton  yarn  or  a  layer 
of  paper  to  prevent  the  rubber  compound  from  adher- 
ing to  the  conductor,  as  this  would  cause  a  great  deal 
of  trouble  in  removing  the  insulation  for  making  con- 
nections and  soldering,  especially  on  stranded  conduc- 
tors. 


The  thickness  of  the  rubber  compound  depends 
upon  the  sei-vice  voltage  to  which  the  cable  is  subjected 
and  upon  the  size  of  tlie  conductor.  Standard  rubber 
covered  cables  are  insulated  for  the  following  voltages : 
— 600  or  less,  1500  or  less,  2500  or  less,  350c  or  less, 
5000  or  less,  7000  or  less,  and  sometimes  as  high  as 
13  000.  The  rubber  compound  is  covered  with  one,  two 
or  three  braids,  each  about  s^  in.  thick,  depending  upon 
the  mechanical  protection  required. 

Flexible  cords,  such  as  lamp  cords  and  heater  cords 
for  portable  heating  apparatus  are  also  rubber  covered. 
Lamp  cords  have  a  cotton  or  silk  braid  over  the  rubber 
and  heater  cords  have  an  asbestos  braid  and  a  cotton 
or  silk  braid  over  the  rubber.  Two  conductor  cords  may 
have  conductors  separately  braid  covered  and  then 
twisted  together  or  the  braid  may  enclose  both  conduc- 
tors. 

The  most  important  materials  other  than  rubber 
for  insulating  purposes  are  varnished  cambric  and  pa- 
per. Varnished  cambric  insulation  consists  of  successive 
layers  of  varnished  cambric  tape  applied  around  the 
conductor.  The  successive  layers  are  coated  with  a  non- 
diying  insulating  varnish  or  similar  compound.  The 
cambric  is  covered  with  weatherproof  or  flameproof 
braids.  Varnished  cambric  insulation  will  vvithstand 
heat,  static  discharges  and  overloads  much  better  than 
the  best  grade  of  rubber.  About  the  same  thickness  is 
required  as  for  rubber.  This  insulation  is  moisture  and 
oil  proof.  It  is  used  extensively  for  high-tension  station 
wiring,  in  conduit  work,  and  for  lead  covering. 

Paper-insulated  cables  are  made  up  with  layers  of 
paper  tape  with  overlapping  joints  in  the  same  manner 
as  varnished  cambric.  The  successive  layers  of  paper 
are  saturated  with  a  waterproof  compound.  Paper  in- 
sulated cables  are  not  so  flexible  as  varnished  cambric 
and  a  greater  thickness  is  required  for  the  same  voltage. 
Their  principal  advantage  lies  in  the  fact  that  they  are 
cheaper,  and  can  be  worked  at  higher  temperatures. 
They  are  seldom  used  except  when  lead  covered.  When 
a  cable  is  to  be  lead  covered,  the  outer  braid  is  usually 
replaced  by  an  adhesive  tape. 

Cables  which  must  withstand  very  high  temper- 
atures are  sometimes  insulated  with  one  or  two  braids 
of  asbestos  which  may  or  may  not  be  treated.  Asbestos 
cannot  be  depended  upon  to  afford  very  much  insula- 
tion. Cables  are  sometimes  required  with  one  or  more 
braids  of  cotton  as  the  only  insulation.  Weatherproof 
wires  for  pole  wiring  or  lighting  circuits  and  small 
power  circuits  usually  have  as  the  only  insulation  cotton 
braids  treated  with  a  weatherproof  compound.  Cables 
known  as  slow  burning  usually  have  three  cotton  braids 
treated  with  a  flameproof  compound,  with  no  further 
insulation.  This  tj'pe  was  formeriy  known  as  Under- 
writers' wire.  For  certain  applications  such  as  automo- 
bile wiring  and  where  extra  strong  mechanical  protec- 
tion is  required,  cables  are  covered  with  a  steel  ribbon 
armor  wound  spirally  around  the  outer  braid. 

Magnet  wire  is  wire  which  is  used  in  winding  coils 
for  electrical  apparatus.  The  most  common  insulations 
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are  one  or  more  wrappings  of  fine  cotton  yarn,  baked 
enamel,  baked  enamel  with  one  or  more  wrappings  of 
cotton  yarn,  and  asbestos. 

TESTS  ON   INSULATED  WIRES  AND  CABLES. 

The  usual  tests  which  are  made  on  insulated  wires 
and  cables  are  voltage  tests,  insulation  resistance  tests 
and  physical  and  chemical  tests  of  the  rubber. 

The  voltage  test  is  designed  to  discover  foreign  sub- 
stances, pinholes,  thin  spots  and  similar  defects  in  the 
rubber  insulation  and  to  insure  a  dielectric  strength  with 
sufficient  factor  of  safety  to  withstand  continuously  the 
maximum  working  pressure  for  which  the  cable  is  rated. 
The  source  of  the  test  pressure  must  be  of  sufficient  ca- 
pacity to  maintain  the  required  voltage  and  in  no  case 
should  be  less  than  five  kilowatts.  The  test  is  made  on 
a  coil  or  short  length  of  the  cable  after  it  has  been  im- 
mersed in  water  for  12  hours  and  while  still  immersed. 
It  consists  in  applying  for  one  minute  the  required  al- 
ternating electromotive-force  between  the  conductor 
and  the  water  in  which  the  cable  is  immersed.  A  failure 
is  usually  determined  by  a  rush  of  current  in  the  test 
circuit  which  causes  the  circuit  breaker  to  be  tripped  or 
illuminates  a  bank  of  incandescent  lamps  in  series.  A 
failure  can  often  be  noted  by  observing  the  flash  occur- 
ring at  the  point  on  the  cable  where  the  rupture  takes 
place.  The  standard  testing  voltages  required  by  the  Na- 
tional Electrical  Code  for  rubber  insulated  cables  for 
working  pressures  not  exceeding  600  volts  vary  from 
2.5  times  working  pressure  on  the  smaller  sizes  of  cables, 
to  about  six  times  working  pressure  on  the  largest 
sizes.  For  working  pressures  not  exceeding  1500  volts, 
a  test  pressure  of  4000  volts  is  required  on  all  sizes  and 
insulation  thicknesses.  For  working  pressures  greater 
than  1500  volts,  a  test  pressure  of  2.5  times  the  rated 
working  pressure  is  required  on  all  sizes  and  insulation 
thicknesses.  These  tests  are  required  on  cables  whether 
they  are  to  be  lead  covered  or  not.  When  it  is  desirable 
to  make  the  above  tests  on  a  completed  lead  covered 
cable,  immersion  in  water  is  not  required.  The  test 
pressure  is  applied  between  the  lead  covering  and  the 
conductor.  In  the  case  of  multiple  conductor  cables  not 
lead  covered,  each  conductor  is  tested  separately,  as  de- 
scribed above,  or  they  may  be  grouped  in  parallel.  In 
the  case  of  multiple  conductor  lead  covered  cables,  tlie 
test  pressures  given  above  are  applied  between  each  con- 
ductor and  all  the  other  conductors  and  the  lead  cover- 
ing bunched  together. 

The  insulation  resistance  test  serves  to  indicate,  in 
a   measure,   the   comparative   efficiency   of   the    rubber 


compound  as  an  insulating  material,  as  the  resistance  is 
a  measure  of  the  extent  to  which  leakage  of  current  may 
take  place  through  the  insulation.  This  test  is  much 
more  sensitive  for  detecting  defects  in  the  insulation 
than  the  voltage  test.  It  is  usually  made  after  the  volt- 
age test  and  while  the  cable  is  still  immersed  in  water. 
After  the  voltage  test  and  before  the  insulation  resis- 
tance test,  the  cable  must  be  grounded  until  discharged. 
The  insulation  resistance  is  measured  between  the  con- 
ductor and  the  water  in  megohms  per  looo  feet  or  per 
mile,  with  a  galvanometer  of  fairly  high  sensibility.  The 
reading  is  taken  after  a  one  minute  electrification.  The 
temperature  of  the  water  has  a  marked  efi^ect  upon  the 
value  obtained.  The  standard  temperature  is  60  degrees 
F.,  but  corrections  can  easily  be  made  for  other  tempera- 
tures.* 

The  voltage  and  insulation  resistance  tests  are  us- 
ually made  at  the  factoiy  before  the  coils  or  reels  are 
passed  for  labeling  and  shipment.  Tests  are  usually 
made  before  the  braid  is  applied,  but  must  in  every 
case  be  made  after  the  rubber  is  vulcanized. 

Physical  and  chemical  tests  are  also  made  on  the 
rubber  compound  to  determine  its  quality.  They  are  a 
measure  of  proper  vulcanization  and,  to  a  degree  at 
least,  of  the  life  of  the  compound.  The  three  principal 
physical  tests  for  the  Rubber  are  "Recovery",  "Stretch" 
and  "Tensile  strength". 

The  recoveiy  test  consists  in  stretching  a  specimen 
of  the  rubber  at  a  given  rate  until  bench  marks  origin- 
ally two  inches  apart  are  a  given  distance  and  then  re- 
leasing. A  minimum  permanent  set  is  specified. 

The  stretch  test  consists  in  measuring  the  amount 
of  stretch  at  the  breaking  point,  between  bench  marks 
originally  two   inches  apart. 

The  tensile  strength  is  calculated  upon  the  original 
cross-section  of  the  test  specimen  before  pulling. 

There  are  two  recognized  grades  of  rubber, — that 
known  as  Code  rubber  and  that  known  as  30  percent 
Hevea  rubber.  The  latter  is  of  a  higher  grade  than  Code 
rubber,  and  the  test  requirements  are  more  severe.** 


*Tablcs  giving  the  minimum  requirements  for  insulation 
resistance  for  the  various  sizes  of  cables  and  working  pres- 
sures are  given  in  the  Underwriters'  Laboratories  "Standards 
for  Rubber  Covered  Wires  and  Cables." 

**Test  requirements  for  Code  Rubber  are  given  in  the 
Underwriters'  Laboratories  "Standards  for  Rubber  Covered 
Wires  and  Cables."  Tentative  specification  D2J — 16T  of  the 
American  Society  for  Testing  Materials  gives  test  require- 
ments for  30  percent  Hevea  rubber.  Requirements  for  chemi- 
cal tests  of  the  rubber  compound  involve  a  long  process  in  the 
preparation  of  the  sample,  statement  of  apparatus  to  be  used, 
and  methods  of  analyzing  for  the  various  constituents.  These 
requirements  can  be  found  in  the  above  mentioned  manuals. 
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SOME  years  ago  the  fuel  used  in  enameling  ovens 
consisted  almost  entirely  of  coal.  This  fuel  was 
superseded  by  gas,  which  in  turn  is  rapidly  being 
superseded    by    electricity.  y\ssuming .  that    coal    costs 
$3.00  per  ton  fired,  that  artificial  gas  costs  75  cents  per 
thousand  cubic  feet,  and  that  electric  power  costs  one 
cent  per  kilowatt-hour,  it  will  be  interesting  to  note  the 
ratios  of  the  cost  of  power  for  these  three  sources  of 
power  based  on  the   generation  of  a  given  amount    of 
heat,  and  the  following  assumptions : — 
One  pound  of  coal  contains  13  000  B.  t.  u. 
One  cubic  foot  of  artificial  gas  contains  600  B.  t.  u. 
One  kilowatt-hour  contains  3412  B.  t.  u. 

On  the  above  basis : — 
Coal  has  26000000  B.  t.  u.  per  ton. 
43  300  cubic  feet  of  gas  equal  one  ton  of  coal. 
7600  kilowatt-hours  of  electricity  equal  one  ton  of  coal. 
The  cost  of  coal,  gas  and  electricity  on  the  basis  of 
its  heat  value  in    accordance  with  the    above  data  will 
be:— 

Coal — $3.00  per  ton  of  26000000  B.  t.  u. 
Gas — $32.50  per  26000000  B.  t.  u. 
Electricity — $76.00  per  26000000  B.  t.  u. 
The  ratio  of  costs  on  a  B.  t.  u.  basis  will  be : — 
Gas  10.8  times  the  cost  of  coal. 
Electricity  2.34  times  the  cost  of  gas. 

Electricity  costs  more  than  gas  but  likewise  gas 
costs  more  than  coal.  If  there  were  sufficient  reasons 
for  enameling  companies  paying  ten  times  more  for  gas 
than  for  coal,  there  can  be  no  question  as  to  the  desira- 
bility of  paying  twice  the  amount  for  electricity  that 
they  have  paid  for  gas.  The  electrically-heated  ovens 
possess  all  the  advantages  that  are  now  recognized  for 
the  use  of  electricity  for  other  industrial  purposes,  such 
as  the  reliability  of  service,  increased  production,  ease 
and  safety  of  operation,  and  finally,  economy  of  oper- 
ation when  considering  the  process  and  results  as  a 
whole 

HEAT  CALCULATIONS 

In  the  baking  and  drying  process,  heat  must  be  sup- 
plied for  the  following  purposes : — 

I — Raising  the  temperature  of  the  work. 

2 — Raising  temperature  of  the  parts   used   for  supporting 

or  carrying  the  work. 
3 — Raising  the  temperature  of  the  ventilating  air. 
4 — Supplying   the    losses    which    occur    from    the    external 

surfaces  of  the  oven,  known  as  radiation  losses. 
5 — In  case  of  intermittent  operation,   such  as  a  kiln  type 

oven   or  the   semi-continuous   conveyor  type   of   oven, 

raising    the    temperature    of    oven    walls,    racks,    etc., 

after  each  period  of  cooling. 

I — Heat  Required  to  Raise  the  Temperature  of  the 
Work — The  work  is  usually  at  room  temperature,  which 
in  most  plants  is  approximately  70  degrees  F.  After  the 
material  has  reached  its  maximum  temperature,  no  ad- 
ditional heat  is  absorbed  by  it,  regardless  of  the  length 
of  time  it  may  be  held  at  that  temperature,  as  a  certain 
definite  amount  of  heat  is  required  for  raising  its  tem- 
perature through  a  given  range,  irrespective  of  the  length 
of  time  consumed  in  heating.     However,  with  a  given 


amount  of  material  being  heated  through  a  definite 
range  and  consuming  a  definite  amount  of  power  in  kilo- 
watt-hours, if  the  heating  is  accomplished  in  one-half 
the  time,  double  the  kilowatt  demand  will  be  required 
with  the  same  power  consumption.  The  total  weight  of 
the  work  heated,  multiplied  by  the  degrees  rise  in  tem- 
perature, multiplied  by  the  specific  heat  of  the  metal, 
gives  the  power  required  in  B.  t.  u.  The  specific  heat  of 
iron,  which  is  the  heat  in  B.  t.  u.  required  to  raise  one 
pound  one  degree  F.  is  0.125.  As  an  example,  assume: — 

Weight  of  work  baked  per  hour 1500  pounds 

Initial  temperature 70  Degrees  F. 

Final  temperature 450  Degrees  F. 

Length   of    bake    I  hour 

Then  1500  X  (450  —  70)  X  0.125  =  7i  3°°  B.  i.  u. 
Dividing  by  the  number  of  B.  t.  u.  in  one  kilowatt-hour  gives 
7JJ00 
341 


=  20.0  kilo'dialt-hours. 


FIG.    I — TYI'IC.M.     1N'STAL1..\TI0N'    OK    HE.VTEKS    IX     li.AKING    AND 
nRVING  OVENS 

The  bus-bars  are  shown  on  top  and  the  control  equipment 
at  the  right  of  the  oven.  Recording  meters  and  control  but- 
tons are  also  shown. 

2 — Raising  the  Temperature  of  the  Parts  Used  for 
Supporting  or  Carrying  the  Work — The  conveyor  or 
supporting  racks  or  trucks  will  often  weigh  as  much  as 
the  work  itself.  However,  the  conveyor  or  trucks  are 
not  necessarily  at  room  temperature,  but  may  be  at  some 
higher  temperature  if  they  re-enter  the  oven  before  they 
have  time  to  cool  off  to  room  temperature.  As  in  the 
case  of  the  work  entering  the  oven,  it  is  very  important 
to  know  their  initial  and  final  temperatures.  As  an 
exainple  assume : — 

Weight     of     movable     truck     or    conveyor 

entering  the  oven   per  hour 1500  poimds 

Initial  temperature i.SO  Degrees  F. 

Final  temperature 45°  Degrees  F. 

1500  X   (450  —  150)   X  0.125  =  56250  B.  t.  u. 

56250  ,      ,  ., 

=  16.S  kilowalt-lioiirs. 

3412 
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J — Raising  the  Temperature  of  the  Ventilating 
Air — The  power  required  for  heating  the  air  used  in  the 
ventilation  of  the  oven  will  depend  upon  its  initial  and 
final  temperatures,  its  weight,  and  its  specific  heat. 
Since  the  air  is  obtained  from  the  room,  the  initial  tem- 
perature is  usually  at  70  degrees.  The  final  temperature 
will  be  that  of  the  air  leaving  the  oven,  which  will  not 
necessarily  be  the  maximum  oven  temperature.  In  a  kiln 
type  or  semi-continuous  conveyor  oven,  the  air  is  with- 
drawn at  the  maximum  oven  temperature,  but  with  a 
continuous  conveyor  type  oven,  where  the  incoming 
work  is  bathed  by  the  outgoing  air,  the  temperature  of 
this  ventilating  air  at  the  exhaust  point  may  be  consider- 
ably below  the  maximum  oven  temperature. 

The  total  quantity  of  air  supplied  per  hour  in 
pounds,  multiplied  by  the  temperature  rise  in  degrees  F. 
multipled  by  the  specific  heat  will  give  the  heat  required 
in  B.  t.  u.  for  ventilating  purposes.  For  example,  as- 
sume : — 

Volume  of  oven  in  cubic   feet 2000 

Changes  of  air  per  hour 10 

Initial   temperature,    degrees    F 70 

Final   temperature,   degrees    F 450 

Cubic  feet  of  air  per  pound  (at  450  degrees  F.,  30 

In.  Hg.)   .  . 22.9 

Specific  heat  of  air  (at  450  degrees  F.) 0.245 

2000  X  10    , 

^^ (450  —  70)    X  0.245  =  81  350  B.  t.  n. 

81  350 

^.^      =  23.8  kilowatt-lwurs. 


Hung  en  Conveyor  and  Lalcr  Taken  Olf  at  this  Poinl 

FIG.    2 — PLAN   VIEW   OF  CONTINUOUS   CONVEYOR  TYPE  OF  OVEN 

4 — Supplying  the  Radiation  Losses  from  the  Ex- 
ternal Surface  of  the  Oven— The  heat  transmitted 
through  the  oven  walls  depends  upon  the  following 
factors : —  a — Internal  temperature  of  oven,  b — External 
air  temperature  surrounding  oven,  c— Kind  of  insula- 
tion, £f— Thickness  of  insulation,  e— Amount  of  metal 
passing  through  the  insulation. 

As  an  example,  assume ; — 

External  oven  surface  in  square  feet 1500 

Thickness   of   insulation   in   inches 4 

Thermal  conductivity  of  insulation,  i.  e.,  B.  t.  u.  con- 
ducted through  the  insulation  per  hour,  per  square 
foot  of  radiating  surface,  per  inch  of  thickness  of 
insulation,    per    degree    difference    in    temperature 

between   inner  and  outer  walls 0.6 

Oven  temperature  in  degrees  /•' 4C0 

Temperature   of   outer   surface   of   insulation   in    de- 

„  g'"?es  F 100 

Sectional  area  in   square   feet   of   metal   through   in- 
sulation    J. 

Thermal   conductivity  of   iron    500 

Temperature  of  outer  surface  of  metal  in  degrees  F.  200 

Heat  losses  through  the  insulation : — 
1500  X  (4.50  —  100)  X  0.6 

-I =  78S00  B.  t.  H. 


Heat  losses  through  the  metal 
5  X  (450  —  200)  X  500 
4 


=  156250 


Therefore  the  total  radiation  losses  are  equal  to— 
235  050  B.  t.  u.  or  68.9  kilowatt-hours. 

The  relative  values  of  radiation  losses  in  the  two 
cases  are  important.  Five  square  feet  of  metal  conducts 
twice  as  much  heat  through  the  oven  walls  as  1500 
square  feet  of  insulating  surface.  Hence  the  desirability 
of  reducing  the  through  metal  to  a  minimum  can  hardly 
be  over-estimated. 

5 — Raising  the  Temperature  of  the  Oven  Walls, 
Racks,  etc. — Theoretically,  the  amount  of  heat  absorbed 
by  the  oven  can  be  calculated,  but  practically  it  is  an  im- 
possible task.  With  the  insulation  of  uniform  character, 
the  temperature  gradient  from  the  interior  to  the  ex- 
terior of  the  oven  will  be  a  straight  line,  that  is  to  say, 
with  the  internal  oven  surface  at  450  degrees  F.  and  the 
external  surface  at  100  degrees,  the  temperature  of  the 
insulation  at  a  midpoint  will  be  275  degrees.  With  a 
given  oven  temperature,  a  given  room  temperature,  and 
a  given  insulation,  the  temperature  gradient  will  remain 
constant  irrespective  of  time.  As  soon  as  the  heat  is  cut 
off,  the  oven  begins  to  cool,  the  rate  of  cooling  depend- 
ing upon  whether  or  not  the  doors  are  open,  and  there 
is  a  draft  through  the  oven.  The  interior  surface  or  in- 
ner skin  of  the  oven  cools  first,  the  extent  and  depth  to 
which  this  cooling  takes  place,  depending  upon  the 
length  of  time  the  heat  is  cut  off.  This  cooling  action 
may  not  penetrate  to  the  center  of  the  insulation  before 
the  heating  is  again  commenced.  To  determine  exactly 
the  amount  of  heat  required  to  replace  that  lost  in  cool- 
ing would  necessitate  knowing  the  temperature  of  the 
insulation  at  each  point  from  the  interior  to  the  exterior 
of  the  oven  surface. 

For  a  given  period  of  time,  and  for  a  given  insula- 
tion, the  heat  losses  are  much  greater  at  high  tempera- 
tures than  at  low.  For  a  given  oven  equipment  having 
four  inches  of  high-  grade  insulation,  operating  at  a 
maximum  temperature  of  450  degrees,  the  amount  of 
heat  lost  by  the  oven  during  the  first  15  minutes  with 
the  doors  open  on  one  end  only  will  equal  approximately 
one-fourth  of  the  total  amount  of  heat  absorbed  by  the 
oven,  and  at  the  end  of  45  minutes  approximately  one- 
half  of  the  total  amount  of  heat  absorbed.  At  the  end 
of  four  or  five  hours  the  oven  will  have  lost  practically 
all  of  its  stored  heat. 

The  total  amount  of  heat  absorbed  by  the  insula- 
tion of  the  oven  from  room  temperature  to  maximum 
operating  temperature,  in  E.  t.  u.  is  obtained  by  multi- 
plying the  weight  of  the  material  by  the  temperature 
rise,  and  by  its  specific  heat.  Insulation  will  weigh  ap- 
proximately 30  pounds  per  cubic  foot,  and  its  specific 
heat  is  0.25  .  The  inner  surface  or  skin  of  the  oven 
usually  consists  of  No.  22  gauge  black  iron,  weighing 
1.25  pounds  per  .square  foot.  The  heat  stored  in  this 
iron,  as  well  as  that  stored  in  any  fixed  racks  or  hangers 
in  the  oven  must  also  be  included  with  the  total  amount 
of  heat  absorbed  by  the  oven. 

The  following  example  will  serve  to  illustrate  the 
working  out  of  a  concrete  heating  problem.  Assume 
that  10  000  pounds  of  sheet  metal  are  to  be  enameled  per 
hour,  at  a  maximum  temperature  of  -450  degrees  Fah- 
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renheit,  entering  the  oven  at  70  degrees  and  leaving  at 
300  degrees.  The  oven  is  of  the  continuous  type,  the 
virork  being  hnng  on  the  conveyor,  dipped  automatically 
while  traveling,  drained,  and  convej'ed  continuously 
through  the  oven.  The  oven  is  in  the  form  of  a  room 
similar  to  that  shown  in  Fig.  2,  27  feet  wide,  54  feet 
long  and  8  feet  6  inches  high,  with  insulated  walls  con- 
sisting of  four  inches  of  high-grade  insulating  material. 
The  conveyor  travels  at  a  speed  of  six  feet  per  minute 
and  weighs  12  pounds  per  foot,  giving  a  total  weight  of 
4320  pounds  per  hour.  It  will  enter  the  oven  at  about 
150  degrees  and  leave  at  450  degrees.  12400  cubic  feet 
of  ventilating  air  are  used  per  hour,  with  a  temperature 
rise  of  380  degrees  Fahrenheit.  The  radiation  loss  area 


of  the  walls  is  4293  square  feet,  having  a  surface  tem- 
perature of  100  degrees  F.  and  a  radiation  constant  of 
0.6.  The  total  heat  requirements  per  hour  are: — 


B.T.U. 

Hre"           ^^"^  P^""  ^°'* 

Conveyor  racks 

Sheet  metal  load 

162000 1    47.5 
287  500      84.4 
514400    151.0 

II       per  pound 
8.44  per  pound 
12.2    per  cubic  foot 

Total 

'  ^^  

Absorption  by  the  walls  is  not  considered  in  a  con- 
tinuous type  oven.  In  this  special  case,  156  heaters  with 
a  maximum  demand  of  360  kw-hrs.  were  necessary. 
This  resulted  in  28.7  pounds  of  material  being  baked  per 
kw-hour. 


Oeciridty  Ai>j)lio^]  to  iV(oc>haiiic:al  lloiVi^^oradon 


H.\RRY    D.    McKlNNEY 


REFRIGERATION  may  be  accomplished  in  either 
of  two  ways; — (a)  by  the  melting  of  ice  and  (b) 
by  mechanical  refrigeration.  The  ice  box  in  the 
home  or  in  the  cold  storage  house  exemplifies  the 
ice  melting  method.  With  this  system,  temperatures  be- 
low 40  or  50  degrees,  F.  cannot  be  maintained  and  for 
many  articles  such  as  fresh  meat,  fruits,  etc.,  this  temp- 
erature is  entirely  too  high  to  be  satisfactory. 

Mechanical  refrigeration  employs  a  refrigerant 
which  extracts  the  heat  from  the  materials  or  space  to 
be  cooled.  Either  the  refrigerant  itself  may  be  circu- 
lated through  the  pipes  which  are  placed  in  the  cooling 


usually  ammonia.  However  the  compression  system 
may  use  ethyl  chloride,  alcohol,  ether,  carbon  dioxide  or 
other  chemicals. 

The  operation  of  the  absorption  system  is  based 
upon  the  affinity  of  water  for  ammonia  gas.  Starting 
witli  the  ammonia  as  a  liquid  called  anhydrous  ammonia 
under  great  pressure,  the  absorption  cycle  is  shown  dia- 
grammatically  in  Fig.  2.  The  anhydrous  ammonia  is  al- 
lowed to  escape  from  the  receiver  through  an  expan- 
sion valve  into  evaporating  coils  which  are  placed  either 
in  the  brine  cooler  or  the  room  to  be  cooled.  The  change 


FIG.    I — TYPICAL    mSTALL.\TION    OF    .\MM0X1.\    COMPRESSORS     . 

The  compressors  are  driven  by  125  hp,  495  r.p.m.,  phase- 
wound,  induction  motors.  The  sanitary  and  well-lighted  com- 
pressor room  is  characteristic  of  such  electrically-operated 
plants. 

rooms,  or  the  refrigerant  may  be  used  to  cool  brine, 
which  in  turn  is  circulated  through  the  pipes  in  the  cool- 
ing rooms  or  tank.  In  tliis  latter  case,  the  brine  absorbs 
the  heat  of  articles  to  be  cooled  and  carries  it  to  a  brine 
cooler  where  it  is  absorbed  by  the  refrigerant  proper. 

The  two  systems  of  mechanical  refrigeration  in 
most  common  use  are  the  absorption  and  the  compres- 
sion systems.  The  work  done  by  both  systems,  namely 
the  transfering  of  heat  from  the  space  or  materials  to  be 
cooled  to  a  convenient  place  where  it  may  be  dissipated, 
is  the  same,  and  fundamentally  the  systems  differ  only 
in  the  method  of  handling  the  refrigerant,  which   is 


Expansion  Vajve 


To  Cooling  Tower 


FIG.    2 — DIAGRAM     OF    THE    AMM0NI.\     CYCLE     IN     THE     ABSORPTION 
PROCESS 

from  high-pressure  liquid  ammonia  to  gaseous  ammonia 
of  a  much  lower  pressure  requires  heat  for  its  accom- 
plishment. If  the  refrigeration  is  used  for  the  manufac- 
ture of  ice,  this  heat  is  taken  from  the  water  which  is  to 
be  frozen  and  if  the  refrigeration  is  used  for  cold  stor- 
age, the  heat  is  taken  from  the  storage  house  and  the 
goods  which  are  being  stored.  The  low  pressure 
ammonia  vapor,  which  has  now  absorbed  a  considerable 
amount  of  heat,  is  conducted  through  the  evaporating 
system  and  into  an  absorber.  This  is  a  vessel,  usually  of 
cylindrical  shape,  designed  to  withstand  great  pressure 
and  is  partially  filled  with  water.    On  account  of  the  af- 
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finity  for  ammonia  gas,  the  water  absorbs  whatever  gas 
is  present  in  the  absorber.  When  sufficiently  concen- 
trated, this  solution  or  rich  liquor  is  pumped,  by  a  small 
circulating  pump,  through  the  exchanger,  which  is  de- 
signed to  make  the  system  more  efficient,  to  the  gener- 
ator. 


Cooling  Water  Supr' 


Freezing  Tank 
or  Brine  Cooler 

FIG.   3 — DIAGRAM    OF    THE    AMMONIA    CYCLE    IN    THE    COMPRESSION 
PROCESS 

The  generator  is  a  cylindrical  vessel,  likewise  de- 
signed to  withstand  great  internal  pressures,  inside  of 
which  are  coils  of  pipe  through  which  either  exhaust 
or  live  steam  may  be  circulated.  The  heat  from  the 
steam  coils  of  the  generator  raises  the  temperature  of 
the  rich  liquor  and,  since  water  at  zero  degrees  C.  will 
absorb  approximately  ten  times  as  much  ammonia  vapor 
by  weight  as  water  at  loo  degrees  C,  a  large  percentage 
of  the  ammonia  gas  absorbed  in  the  absorber  will  be 
given  off  in  the  generator.  This  ammonia  gas  passes  in- 


FIG.   4 — TYPICAL     INSTALLATION     OF    A     VERTICAL    DOUBLE-CYLINDER 
AMMONIA    COMPRESSOR 

Direct   connected    to   a   500   hp,    1500    r.p.m.,    self-starting 
synchronous  motor. 

to  the  analyzer  and  rectifier,  which  are  designed  to  re- 
move all  moisture,  and  finally  enters  the  condenser 
where  cold  water  from  the  cooling  tower  is  continually 
running.  The  low  temperature,  60  or  80  degrees  F.,  in 
the  condenser  together  with  the  pressure,  causes  the  gas 
to  liquify,  which  completes  the  cycle.  The  water  from 


which  the  ammonia  gas  was  extracted  in  the  generator 
is  returned  to  the  absorber  as  weak  liquor,  since  it  is 
very  weak  in  ammonia.  This  weak  liquor  passes  through 
the  exchanger  and  cooler  which  are  designed  to  trans- 
fer the  heat  from  the  weak  liquor  to  the  rich  liquor,  as  it 
passes  from  the  absorber  to  the  generator,  thereby  mak- 
ing a  saving  in  the  total  quantity  of  heat  required  to  re- 
claim the  ammonia. 

This  cycle  is  continuous  and  the  equipment  has  no 
moving  parts  aside  from  the  small  circulating  pump 
which  is  used  to  force  the  rich  liquor  from  the  absorber 
into  the  generator.  The  pressures  encountered  in  the 
system  may  vaiy  from  150  to  250  pounds  in  the  genera- 
tor and  from  15  to  40  or  50  pounds  absolute  in  the 
evaporating  coils  and  absorber. 

For  comparison,  the  compression  system  is  shown 
diagrammatically  in  Fig.  3.  Starting  as  in  the  absorption 
system  with  the  anhydrous  ammonia  in  liquid  state  un- 
der high  pressure  it  is  expanded  through  the  expansion 
valve  into  the  evaporating  coils,  where  the  same  change 
takes  place,  namely  the  change  from  a  liquid  under  high 


FIG.    5 — A      VERTICAL     DOUBLE-ACTING,     DOUBLE-CYLTNDER,     8o     TON 
AMMONIA    COMPRESSOR 

Driven  by  a  250  hp,  430  r.p.m.,  phase-wound,  induction 
motor.  In  the  background  is  a  40  ton  compressor  driven  by 
a  125  hp,  585  r.p.m.,  phase-wound  motor. 

pressure  to  a  vapor  under  comparatively  low  pressure, 
which  involves  the  absorption  of  a  great  amount  of  heat. 
From  the  evaporating  coils  the  ammonia  vapor  is  con- 
ducted to  the  suction  side  of  a  compression  machine, 
which  is  merely  a  high  efficiency  compressor,  in  which 
all  of  the  parts  with  which  ammonia  comes  in  contact 
are  iron  or  steel,  because  ammonia  reacts  upon  brass  and 
copper.  The  ammonia  gas  is  received  on  the  compres- 
sion side  at  a  pressure  of  from  15  to  40  or  50  pounds 
absolute,  depending  upon  the  load  on  the  machine.  It  is 
then  discharged  at  a  pressure  of  from  150  to  250  pounds 
depending  upon  the  load  and  temperature  of  the  con- 
densing water.  The  high-pressure  gas  is  then  conducted 
to  the  condenser  pipes  over  which  cold  water  is  running 
and  the  combined  action  of  the  high-pressure  and  the 
decrease  in  temperature  changes  the  vaporous  ammonia 
to  liquid  ammonia  thus  completing  the  cycle.  This  oper- 
ation is  continuous  and  the  amount  of  heat  absorbed  or 
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the  amount  of  refrigeration  done,  for  any  given  machine 
depends  upon  the  speed  at  which  the  compression  ma- 
chine is  operated,  upon  the  temperature  of  the  cooHng 
water  and  upon  the  regulation  of  the  expansion  valve. 

The  compressor  used  in  the  compression  system 
may  be  single  or  double  cylinder,  single  or  double  acting, 
with  vertical  or  horizontal  cylinders.  Particular  atten- 
tion must  be  paid  to  the  valves  of  the  compressor,  as 
rather  high  pressures  are  handled  and  leak}-  valves  will 
cause  a  reduction  in  the  capacity  of  the  compressor,  as 
well  as  great  waste  of  power.  The  valves  in  common  use 
on  ammonia  machines  are  the  Corliss,  poppet  and  plate 
valves.  The  Corliss  valve  is  actuated  from  the  compres- 
sor shaft,  whereas  the  poppet  valve  is  actuated  by  the 
difference  in  pressure  between  the  cylinder  itself  and  the 
discharge  line.  This  valve  is  held  in  place  by  a  spring 


15  or  20  tons,  while  the  1.5  horse-power  is  for  machines 
of  from  25  to  500  tons  capacity.  If  die  rating  of  the  re- 
frigerating machine  is  based  upon  tons  of  ice  that  can 
be  made  in  24  hours,  the  power  allowance  which  should 
be  made  is  somewhat  more,  being  three  to  3.5  horse- 
power per  ton  of  ice  and  in  this  case  also  the  larger 
horse-power  allowance  is  for  the  smaller  machines. 

Any  type  of  motive  power  may  be  used  to  operate 
the  compression  machine,  such  as  the  steam  engine,  gas 
or  oil  engine  or  electric  motor.  Many  of  the  refrigerat- 
ing plants  including  ice  plants  in  which  artificial  ice  is 
made  are  operated  by  steam  engines.  Where  central  sta- 
tion energ}'  is  available,  the  electric  motor  offers  distinct 
advantages  over  any  other  type  of  motive  power  for  re- 
frigerating machines,  as  indicated  in  Table  I. 

From  the  standpoint  of  operating  expense,  the  elec- 


TABLE  I — COMPARISON  OP  PRIME  MOVERS  FOR  OOMPRESSOES 


ELECTRIC   DRIVE 

STEAM  ENGINE   DRIVE 

on.  ENGINE  DRIVE 

Low    first    cost 

No    auxiliaries    required 

Low  cost  of  building 

Less    expensive    foundations 

Low   depreciation 

Low    interest    charges 

Low    taxes    and    insurances 

Low     maintenance     and     repair 

charges 
Always  ready  to   start  by   sim- 
ply   closing    starting    switch 

Attention    required    minimum 

High       efficiency       over       wide 
range  of  loads 

Very       few       parts       to       give 
trouble.        Lubrication      easily 
cared  for 

Unquestioned  reliability  of 
motor  drive  with  central  sta- 
tion power.  Bearings  are 
only  wearing  parts  no  high 
temperatures    or    pressures. 

Minimum    floor    space    required 

Location    independent    of    sup- 
ply of  power  and  supplies 

Extreme   cleanliness 

Many      records      showing     per- 
formance    and     reliability     of 
motors      and      central      station 
power   under   the   most   severe 
conditions 

High   first   cost 

Steam       generating      equipment 
required 

High   cost  of  building 
Very    costly    foundations 
H  Kh    depreciation 
Hish    interest   charges 
Hish    taxes    and    insurance 
Moderate    maintenance   and    re- 
pair   charges 
Time     required     in     getting    up 
steam    generating    equipment. 

More    attendance    required    ac- 
count     of      steam      generating 

Efficiency   of   operation    depends 

on     retinement     of     auxiliaries 

introduced 
More     moving     parts     to     give 

trouble.        Lubrication   system 

necessary 

Reliability  depends  on  skill  of 
engineer  and  efficiency  of  his 
force.  More  moving  parts 
and  auxiliaries  as  possible 
sources    of   trouble 

Max.  floor  space  required  and 
special     building    construction 

Location  dependent  on  fuel 
and  water  supply  and  city 
ordinances  covering  noise, 
smoke,    etc. 

A  great  deal  of  dirt  incidental 
to  the  handling  of  coal,  ashes, 
waste,    etc. 

Accurate  records  very  hard  to 
keep 

High  first  cost 

Auxiliaries,  such  as  air  com- 
pressor, oil  pump,  oil  piping 
and  fuel  storage,  air  tanks 
and    cooling    system    required 

High   cost  of  building 

Expensive    foundations 

Very   high   depreciation 

High    interest    charges 

High    taxes    and    insurance 

High  maintenance  and  repair 
charges 

Readiness  for  service  depends 
on  auxiliary  supply  of  com- 
pressed   air 

Attendance  by  expert  engineer 
necessary 

High    efficiency   at   full    load 

Complex  construction.  Perfect 
lubrication  must  be  provided. 
Cylinders  and  valves  must  be 
kept    in   perfect   condition 

Reliability  depends  on  system- 
atic supervision  and  re- 
pairs. More  auxiliaries  and 
moving  parts.  Very  high 
temperatures    and    pressures 

Large  floor  space  and  special 
building    construction 

Location  practically  indepen- 
dent of  source  of  power  and 
supplies 

A  great  deal  of  dirt  incidental 
to  the  handling  of  oil  and 
waste 

Comparative  lack  of  records 
showing  reliability  under  any 
except  the  most  favorable 
conditions 

which  must  be  over-powered  before  the  gas  compressed 
in  the  cylinder  is  discharged  to  tlie  line.  This  difference 
in  pressure  may  be  as  much  as  15  or  20  pounds  in  ex- 
treme cases.  The  plate  valve  operates  on  the  same  prin- 
ciple as  the  poppet  valve,  except  that  the  difference  in 
pressure  is  only  a  few  pounds. 

'  The  power  required  will  vary  somewhat  with  the 
size  of  the  installation,  that  is,  the  horse-power  per  ton 
of  refrigeration  with  a  small  plant  is  somewhat  greater 
than  for  a  large  plant.  The  unit  of  measurement  of  re- 
frigeration is  the  amount  of  heat  absorbed  by  one  ton  of 
ice  during  the  process  of  melting  or  is  equal  to  288  000 
B.  t.  u.  Where  the  refrigerating  machine  is  rated  in  tons 
of  refrigeration  the  horse-power  requirement  will  vary 
from  1.5  to  2  horse-power  per  ton  of  refrigeration,  the 
two  horse-power  applying  to  the  small  machines,  up  to 


trie  motor  makes  a  good  showing.  Many  electric-driven 
ice  plants  are  operating  on  42  kilowatt-hours  per  ton  of 
ice  produced.  However,  the  average  of  all  electric  ice 
plants  will  vary  between  48  and  50  kilowatt-hours  per 
ton.  These  figures  depend  to  a  large  extent  upon  the 
efficiency  of  the  plant,  the  care  and  skill  used  in  the 
original  design  and  in  the  maintenance  of  the  plant. 
Knowing  the  power  rate  in  any  given  locality,  the  power 
cost  of  producting  ice  per  ton  can  be  calculated  by  using 
an  average  of  48  kw-hours. 

A  raw-water  ice  plant  is  one  which  uses  the  water 
direct  from  a  well  or  the  city  supply  line  without  distil- 
lation. There  are  very  few  steam-driven  ice  plants  of 
the  compression  raw-water  type,  which  are  making  ice 
for  less  than  $0.75  to  $1.00  per  ton  of  ice  for  power 
alone. 
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The  type  of  motor  which  is  best  suited  for  ice  ma- 
chine drive,  if  direct-current  is  available,  is  the  com- 
pound-wound, although  in  certain  cases  a  shunt  motor 
will   be   satisfactory.  The   ice   machine   imposes   heavy 

starting  conditions  upon  the  nmtor.  A  heavy  fly  wheel 


FIG.    6 — TWO    35    HI',    rH.\SE-\VOLl.\D,    INDL'CTION    MOTORS 
Driving    air    compressors    for    agitating    the    water    in    the 
ice  cans. 

is  used  on  the  ice  machine  to  insure  uniform  rotation, 
since  the  load  on  the  piston  comes  on  periodically.  The 
moving  parts  of  the  ice  machine  are  heavy  and  the  rub- 
bing surfaces  cover  considerable  area.  The  motor  is 
therefore  required  to  overcome  the  starting  friction  and 
to  accelerate  the  heavy  fly-wheel,  both  of  which  require 
a  heavy  starting  torque  which  will  vary  from  40  to 
150  percent  of  full-load  torque  depending  upon  the  de- 
sign of  the  machine.  The  control  equipment  for  the 
direct-current  motor  is  usually  an  ordinary  starting  box 
with  no-voltage  release. 

With  alternating  current,  the  squirrel-cage  motor 
can  be  applied  if  the  compressor  is  small.  The  control 
for  the  squirrel-cage  motor  will  be  the  ordinary  type  of 
auto-starter.  With  a  larger  ice  machine  it  is  much  more 
satisfactory  to  install  a  phase-wound  motor,  which  gives 
high  starting  torque  with  a  comparatively  small  current. 
The  control  equipment  for  the  phase-wound  motor 
should  be  an  oil  switch  for  the  primary  circuit  and  a 
drum  controller  for  the  secondary.  Automatic  mechani- 
cal refrigeration  requires  special  thermostatic  relays 
on  the  pilot  circuit  of  an  automatic  control  panel. 


FIG.    7 — .\    TYI'ICAL    TANIv    riEClv 

_  Showing     four    vertical     agitators     driven     hy     three     hp 
squirrel-cage  motors. 

Recent  advances  in  the  refrigerating  field  have 
proven  that  the  self-starting  synchronous  motor  is  a 
most  desirable  means  of  drive  for  the  compression  ma- 
chine. The  ice  machine  manufacturers  are  now  de- 
signing their   compressors   with   higher   speeds,   which 


have  been  made  possible  by  the  plate  valve.  The  self- 
starting  synchronous  motor  with  this  method  of  drive 
is  mounted  directly  on  the  shaft  of  the  compressor, 
eliminating  all  transmission  losses  and  expensive  belts. 
The  double-cylinder  double-acting  type  of  ice  machine 
will  be  found  best  suited  for  operation  with  a  syn- 
chronous motor.  This  combination  of  ice  machine  and 
drive,  has  very  marked  advantages,  the  most  prominent 
of  which  are : — 

I — Less  floor  space  required. 

2 — No  transmission  losses  in  belts,  gears  or  chains. 

3 — No  maintenance  of  belts. 

4 — Very  high  efficiency  of  the  motor,  giving  a  high  over- 
all efficiency. 

5 — 100  percent  power-factor  operation  with  a  possibility 
for  leading  power-factor  operation. 
Each  year  shows  a  decrease  in  the  number  of  tons 
of  natural  ice  harvested.  All  of  this  increases  the  de- 
mand for  mechanical  refrigeration.  A  very  high  per- 
centage of  the  total  mechanical  refrigeration  of  the 
cottntry  is  used  in  the  manufacture  of  artificial  ice  and 
it  has  been  found  tliat  the  most  economical  artificial  ice 


i'    \l.    ICE    STORAGE    ROOM 

nvcn    elevator   is   shown   near   the   ice 


A  portable  mot 
pile.  Cooling  coils  are  mounted  on  the  ceiling  through  which 
the  refrigerant  is  circulated  to  keep  the  ice  from  being  melted. 
Ammonia  plants  usually  have  storage  rooms  in  which  ice  is 
stored  in  the  winter  for  summer  consumption.  This  enables 
the  plant  to  operate  at  approximately  full-load  the  year  around. 

plants  are  those  of  approximately  100  tons  capacity, 
which  can  serve  a  section  of  a  closely  built  city  of  about 
one  mile  radius.  That  is,  the  economical  ice  plant  is 
the  one  which  is  located  so  that  its  longest  haul  from  the 
plant  to  the  customer  is  not  more  than  one  mile.  There- 
fore, the  location  of  the  ice  plant  has  an  important 
bearing  upon  its  earnings. 

If  the  plant  is  to  be  steam  driven  it  should  be  lo- 
cated near  a  railroad  siding  where  the  expense  of  haul- 
ing the  coal  will  be  a  miniinum.  This  condition  alone 
may  necessitate  long  hauls  for  the  ice  or  if  located  at 
the  center  of  distribution  considerable  expense  in  haul- 
ing coal  to  the  plant.  Further  the  steam-driven  ice 
plant  cannot  be  tolerated  in  the  residential  parts  of 
cities  on  account  of  the  smoke  nuisance.  Likewise  the 
gas-engine  driven  plant  cannot  be  tolerated  in  a  residen- 
tial section  on  account  of  the  vibration  and  noise. 

This  limits  the  economical  ice  plant  of  today  to  the 
one  driven  by  the  electric  motor  from  central  station 
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energy.  The  electric-motor  driven  plant  can  be  located 
in  the  center  of  distribution  so  that  the  short  hauls  will 
cut  down  the  delivery  expense,  which,  in  case  of 
long  hauls,  may  exceed  the  expense  of  production. 

On  the  other  hand,  the  electrically-operated  ice- 
plant  offers  a  very  desirable  type  of  power  load  for  the 


FIG.    9 — TYPICAL    TANK    DECK    SERVED    BY    OVERHEAD    ELECTRICALLY- 
OPERATED    CRANES 

A  motor-driven-core-sucking  outfit  is  located  in  the  middle 
of  the  room. 

central  station,  as  the  plant  will  operate  at  approximately 
full  load  continuously  during  the  summer  months  and 
have  a  high  load-factor  during  the  winter  months,  with 
the  exception  of  possibly  December  and  January,  at 
which  time  the  plant  may  be  shut  down  for  complete 
overhauling.  Due  to  the  high  load  factor  and  large 
power  consumption,  the  ice  and  refrigerating  plants 
should  receive  a  low  power  rate. 

The  load  conditions  prevailing  in  refrigerating 
plants  differ  from  those  found  in  ice  plants.  In  the 
former,  mechanical  refrigeration  is  used  to  chill  warm 
goods  which  are  to  be  stored  and  to  keep  them  at  any 
specified  temperature.  After  the  goods  have  been 
cooled  to  this  temperature  it  does  not  require  a  great 
amount  of  refrigeration  to  maintain  that  degree  of  cold. 
However,  if  a  considerable  quantity  of  warm  goods  is 
placed  in  the  storage  room,  a  great  amount  of  refrigera- 
tion has  to  be  done  to  cool  these  goods.  This  will  pro- 
duce a  changing  load  condition  on  the  refrigerating 
equipment  of  the  cold  storage  warehouse.  The  demand 
may  come  on  at  any  time  during  the  day  and  may  last 
anywhere  from  one  to  six  or  seven  hours. 

The  ice  plant  load  is  much  more  constant,  as  there 
is  a  continuous  ice  demand  for  about  five  months  dur- 
ing the  summer.  The  plants  may  be  run  at  fractional  load 
for  the  remainder  of  the  year  with  the  exception  of  the 
annual  period  when  the  plant  is  shut  down  for  over- 
hauling. Some  plants,  however,  operate  their  ice  mak- 
ing equipment  the  year  around,  and  store  the  ice  not  re- 
quired for  immediate  deliverj'.  Usually  this  space  is 
cooled  by  a  small  auxiliary  equipment. 

Many  plant  operators  have  found  it  economical  and 
very  convenient  to  operate  the  auxiliaries  in  connection 
with  a  refrigerating  or  ice  plant  from  electric  power 
even  if  the  ammonia  compressor  is  operated  by  a  steam 
or  oil  engine,  because  such  auxiliaries  can  be  started  and 
stopped  without  any  loss  of  time  and  controlled  either 
manually  or  automatically.  The  auxiliaries  usually  found 
in  a  refrigerating  plant  include  a  motor-driven  centrifu- 


gal pump  which  is  used  to  circulate  the  cooling  water 
over  the  condensers  and  through  the  cooling  tower  if  one 
is  used.  The  city  water  supply  is  often  sufficient  for  cool- 
mg  the  condenser  and  in  such  cases  a  cooling  tower  is 
not  neces.sary.  The  circulating  pump  used  to  circulate 
ihe  chilled  brine  through  the  cooling  rooms  and  back  to 
the  brine  cooler  again  may  be  motor  driven.  There 
may  be  various  other  pumping  applications  around  a. 
cold  storage  plant  which  may  be  motor  driven  and  on 
which  the  usual  hand  control  will  be  applied. 

Motor-driven  auxiliaries  are  somewhat  more  nu- 
merous in  connection  with  an  ice  plant  than  in  a  refrig- 
erating plant.  The  ice  plant  will  require  pumps  for  cir- 
culating the  cooling  water  and  for  circulating  the  brine 
through  the  ice  storage  room.  In  addition  mechanical 
agitators  are  required  for  stirring  the  brine  in  tlie  freez- 
ing tank  and  a  very  efficient  method  has  been  developed 
for  producing  this  mechanical  agitation ;  namely,  the 
use  of  a  vertical  motor  directly  connected  to  a  mechan- 
ical agitator.  These  units  are  mounted  at  one  end  of 
the  tank  deck  as  shown  in  Fig.  7  and  keep  the  brine  in 
the  freezing  tank  in  continual  motion,  thus  increasing 
the  efficiency  of  the  evaporating  coils  and  shortening  the 
lime  necessary  to  produce  the  ice  cake.  In  the  raw- 
water  plant  a  small  air  compressor  is  installed  whose 
output  is  used  to  keep  the  water  in  the  ice  cans  in  con- 
tinual agitation.  This  agitation  prevents  the  solid  par- 
ticles and  chemicals  in  solution  from  being  frozen  in 
the  ice  cake.  This  foreign  material  is  concentrated  in 
what  is  called  the  core  water.  There  will  also  be  a 
motor-driven  pumping  equipment  used  for  sucking  the 
core  water,  which  has  a  high  content  of  im[)urities.  from 


FIG.    10— TWO  75   HP,   SQUIRKEL-CAGE   MOTORS  DRIVING   CF.NTRIKL-GAI. 
CIRCULATING    PUMPS 

For    forcing    the    cold    brine    through    the    refrigerating 
chamber  or  around  the  tanks. 

the  ice  cans,  and  discharging  it.  Fresh  water  is  then 
placed  in  the  cores  and  the  freezing  continued,  thus  pro- 
ducing a  solid,  clear  cake  of  ice  free  from  impurities. 
Incidentally,  this  raw-water  process  removes  90  to  95 
percent  of  the  impurities  in  the  water,  leaving  a  negli- 
gible percentage  of  foreign  matter. 


Ail  Aiialysb  of  '\\s'l^  Ma^o  hy  cho  ./Mabania  'Pov/-)C  c^on\pa:ny 

L.  N.  Crichton 

Relay  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.   Company 


WHILE  extensive  additions  were  being  made  re- 
cently to  the  system  of  the  Alabama  Power  Com- 
pany, a  series  of  tests  was  conducted  to  deter- 
mine the  reliability  of  a  relay  scheme  which  was  under 
consideration  for  use  on  the  enlarged  system.  It  was 
realized  that,  as  the  amount  of  transmission  line  was  in- 
creased, the  chance  for  trouble  was  increased  in  propor- 
tion, so  that  unless  the  system  was  properly  sectionalized 
by  means  of  protective  relays,  each  nev^^  line  between  a 
generating  station  and  a  substation  might  become  a 
menace,  rather  than  an  insurance  against  interruption. 

The  system  consists  of  iioooo  volt  transmission 
lines  and  45  000  volt  distribution  lines,  but  the  1 10  000 
volt  lines  really  form  a  distribution  system  (Fig.  i)  and 
are  depended  ujJon  to  furnish  power  directly  to  all  the 
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large  load  centers.  A  simplified  system  diagram  show- 
ing the  important  switching  stations  and  the  recom- 
mended relay  settings  is  shown  in  Fig.  2. 

The  most  important  power  transformers,  namely 
those  at  the  Lock  12  generating  station  and  the  Magella 
.substation,  are  ccmnected  delta-star,  and  the  high-ten- 
sion neutral  at  the  generating  station  is  grounded. 
P>ery  accidental  ground  on  the  system,  therefore,  re- 
sults in  a  short-circuit,  and  such  short-circuits,  due  to 
in.sulator  flash-overs  during  lightning  storms,  are  the 
principal  source  of  trouble.  The  method  of  operating 
the  system  has  been  to  provide  two  sources  of  supply  to 


every  station,  and  in  order  to  make  certain  that  the  re- 
\  erse  power  relays  would  operate,  the  lines  were  tied  to- 
gether at  the  main  substations  on  the  secondary  busbars 
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FIG.   2 — DIAGRAM    OF    PROPOSED    RELAY    ARRANGEMENT 

and  the  relays  were  installed  on  the  low-tension  side  of 
the  transformers.  This  method  of  operation  insured  a 
reasonably  high  voltage  at  the  relay  terminals,  irrespec- 
tive of  where  the  line  trouble  might  occur,  because 
any  reversal  of  power  from  the  substation  must  flow 
through  a  bank  of  transformers. 

As  the  system  grew,  it  became  evident  that  more- 
flexible  and  convenient  operation  could  be  obtained  if 
the  reverse  power  relays  were  installed  on  the  high-volt- 
age circuit  breakers,  with  their  current  coils  energized' 
by  bushing  type  current  transformers  and  their  potential 

coils  energized  by 
the     potential     on- 


KOHrr 


Reverse  Power  Relay 

Connected  to  Either  ofThi 

Oil  Circuit  Break 


the  1  o  w- voltage 
b  u  s-bars.  This 
would  allow  sev- 
eral lines  to  be  tied 
into  substations 
which  were  not 
equipped  with  a 
separate  bank  of 
power  transform- 
ers for  each  line. 
The  principal  object  of  the  tests  was  to  show  the 
reliability  of  the  relays  under  these  conditions : — 


Gadsden    s^jif^  Unloaded  Tri 

6300    K- 


FIG.    3 — CONNECTIONS    FOR    THE    RELAY 
TEST 
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I — Low  voltage  due  to  a  short-circuit  close  to  the  sub- 
station bus-bars. 

2 — Poor  power-factor. 

3 — Distorted  phase  relations  due  to  unbalanced  short- 
circuits. 

4 — Phase  angle  error  of  the  low  ratio,  ring  type  current 
transformers  which  were  installed  on  the  circuit 
breaker  bushings  and  which  energized  the  relaj's. 

5 — Energizing  the  relay  potential  coils  from  the  low- 
tension  side  of  the  main  power  transformers  which 
were  connected  delta-star  and  consequently  shifted 
the  phase  angle  30  degrees. 

Tests  of  this  kind  have  been  made  on  several  large 
power  systems  operating  underground  cable  systems  at 
comparatively  low  voltages  with  satisfactory  results, 
but  the  conditions  on  a  long  transmission  system  are  so 
severe  that  independent  tests  were  decided  upon. 

The  connections  for  the  test  were  made  as  shown 
in  Fig.  3,  and  use  was  made  of  one  13  500  k.v.a.  gen- 
erator and  136  miles  of  no  000  volt  line.     Only  one  set 
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FIG.   4 — (a)    VECTOR   RELATIONS   AND    (b)    CONNECTIONS    OF   RELAYS 

The  voltage  coil  connections  (b)  were  used  rather  than 
the  star  connection  in  order  that  the  relays  might  have  a 
greater  voltage  across  their  terminals.  The  relays  are  rated 
at  no  volts. 

of  relays  was  available  at  the  substation  and  arrange- 
ments were  therefore  made  to  switch  them  onto  either 
the  incoming  or  the  outgoing  circuit  breaker.  The 
short-circuit  was  placed  on  the  outgoing  line,  and  the 
main  switch  then  closed  at  the  generating  station.  Two 
tests  were  made  with  each  tj'pe  of  short-circuit,  the  first 
test  in  every  case  being  made  with  the  relay  connected 
to  the  outgoing  circuit  breaker,  when  the  relay  should 
operate,  and  the  second  one  with  the  relay  connected  to 
the  incoming  line,  when  it  should  remain  inoperative. 

The  relays  being  tested  were  of  the  single-phase, 
induction  type,  connected  so  that  their  potential  coils 
were  energized  by  the  equivalent  of  the  high-tension 
delta  voltage.  As  shown  in  Fig.  4,  the  compensation  for 
the  30  degrees  phase  displacement,  due  to  the  delta-star 
power  transformers,  was  made  by  tapping  the  middle 
point  of  the  potential  transformers  and  thus  securing  a 
30  degrees  displacement  in  the  opposite  direction  to  that 


of  the  power  transformers.  It  would  have  been  equally 
as  satisfactory  to  have  connected  the  relays  in  star,  but 
the  arrangement  used  was  the  most  convenient.  The 
bushing-type  current  transformers  had  about  as  small  a 
current  ratio  as  is  practicable  for  use  with  bushings  of 
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FIG.    5 — RATIO   TEST   OF    BUSHING-TYPE    CURRENT    TRANSFORMER 

Two  transformers  in  series.     One   turn   on   primary,   and 
twenty  turns  on  secondary. 

such  high  voltage,  and  their  ratio  error  was  over  20  per- 
cent, as  shown  in  Fig.  5.  In  spite  of  this  high  ratio 
error,  tests  showed  that  the  phase  angle  error  was  com- 
paratively small,  certainly  less  than  one  degree. 

The  reverse  power  relays  were  equipped  with  an 
inverse  time  limit  overload  element  and  the  time  re- 
quired to  clear  the  short-circuits  was  somewhat  in- 
definite, but  probably  did  not  exceed  three- fourths  of  a 
second,  including  the  time  required  for  the  circuit 
breaker  to  open.  On  those  tests  where  the  reverse  power 
relay  did  not  operate,  the  short-circuit  was  cleared  at  the 
power  house  by  a  set  of  definite  time  limit  relays  set  to 
operate  after  three  seconds.  Most  of  the  short-circuits 
were  formed  by  placing  a  fuse  between  the  wires  which 
blew  and  started  an  arc.  Figs.  6  and  7  show  the  differ- 
ence in  the  size  of  the  arc  when  the  trouble  was  quickly 
cleared  by  the  reverse  power  relays,  and  when  it  was 
cleared  after  a  longer  time  by  the  power  house  relays. 
This  shows  the  desirability  of  clearing  line  trouble  as 


FIG.   6 — SHORT-CIRCUIT   ARC 

The  trouble  was  quickly  cleared  by  the  reverse  power  relay. 

quickly  as  possible,  because  an  arc  of  the  magnitude 
shown  in  Fig.  7  might  involve  both  circuits  of  a  double 
line. 

The  necessity  for  quickly  clearing  trouble  on  large 
systems  calls  for  a  thorough  study  of  the  relay  adjust- 


THE    ELECTRIC    JOURNAL 


465 


ments  throughout  the  system,  and  every  source  of  de- 
lay should  be  eliminated.  The  time  required  for  the 
average  130000  volt  circuit  breaker  to  open  is  about 
0.3  second.  If  accurate  relays  are  used,  a  safety  margin 


FIG.    7 — SHORT-CIRCUIT    ARC 

The  trouble  was  cleared  after  a  longer  time  by  the  power- 
house relays. 

of  0.2  second  is  sufficient  so  that  the  difference  in  the 
time  between  two  successive  relays  can  be  made  as  small 
as  0.5  second.  It  is  the  usual  practice  to  adjust  the  re- 
lays farthest  from  the  generator  so  that  they  have  a  time 
limit  of  0.1  second  and  increase  the  time  value  by  steps 
of  0.5  second  as  the  generating  station  is  approached. 
On  a  system  of  any  size  there  will  be  several  relays  in 
series,  so  that  the  ones  at  the  power  plant  will  have  quite 
a  long  time  adjustment.  This  is  bad,  not  only  because  of 
the  danger  of  an  arc  blowing  from  one  circuit  into  an- 
other, but  also  because  of  the  increased  shock  to  the  sys- 
tem due  to  maintaining  the  short-circuit  for  a  long  time. 


FIG.   8 — CONDITIONS    WHEN    TWO     FIG.    Q — CONDITION      WHEN      ONE 


WIRES    ARE    SHORT-CIRCUITED 

Angle  a'  is  obtuse  but  b'  i: 
acute. 


WIRE     IS     SHORT-CIRCUITED    TO 
NEUTRAL 

G  represents  the  point  of 
ground  potential  and  O  the 
neutral   point   of   the   triangle. 

Two  or,  at  the  most,  three  seconds  is  as  long  as  the  ordi- 
nary system  will  withstand  a  short-circuit  without 
danger  of  dropping  the  load,  which  emphasizes  the  de- 
sirability of  relays  which  can  be  accurately  adjusted.  It 


also  shows  the  desirability  of  a  reverse  power  relay 
which  will  operate  quickly,  because  such  relays  are  fre- 
quently expected  to  operate  first  in  the  series. 

Tests  were  made  on  every  possible  case  of  short- 
circuit,  including  those  which  were  made  by  connecting 
the  conductors  solidly  together  as  well  as  those  con- 
sisting of  arcs.  It  was  found  that  the  relays  would  op- 
erate properly  when  all  three  wires  were  short-circuited 
through  an  arc,  but  not  when  all  three  wires  were 
metallically  connected.  This  condition  is  not  likely  to 
occur  in  practical  operation,  because  of  the  wide  spacing 
between  conductors  which  makes  it  practically  impos- 
sible to  connect  all  three  of  them  together.  No  tests 
were  made  to  see  how  far  from  the  substation  a  three- 
wire  metallic  short-circuit  must  be  in  order  to  furnish 
sufficient  voltage  to  operate  the  relays,  but  it  was  calcu- 
lated to  be  about  five  miles  under  the  usual  operating 
conditions.  A  metallic  short-circuit  which  involves  only 
two  wires  is  of  frequent  occui^rence,  but  will  not  prevent 
the  proper  operation  of  the  relays  because  it  does  not 
reduce  the  voltage  on  all  three  phases. 

The  conditions  which  exist  when  unbalanced  short- 
circuits  occur,  and  the  necessity  for  being  careful  in 
connecting  the  relays,  is  shown  in  Figs.  8  and  9.  The 
condition  at  the  short-circuit  in  both  cases  is  shown  at 
(b)  and  the  condition  some  distance  away  from  the 
short-circuit  is  shown  at  (a).  It  will  be  observed  that 
even  at  the  point  of  short-circuit,  there  is  considerable 
voltage  available  for  the  operation  of  the  relays  if  they 
have  their  potential  coils  connected  in  delta.  The  current 
vectors  shown  in  Fig.  8  illustrate  how  bad  the  distortion 
may  be  when  only  two  wires  are  short-circuited.  If 
these  relays  had  utilized  the  star  voltage,  as  was 
formerly  customary,  the  two  which  were  carrjdng  the 
short-circuit  current  would  be  operating  in  opposite  di- 
rections. Therefore,  the  relays  on  both  the  good  and  the 
bad  line  would  trip  their  circuit  breakers. 

The  question  arises  as  to  why  the  relays  operated 
properly  when  all  three  wires  were  short-circuited  by 
an  arc  within  a  few  feet  of  the  busbars.  This  is  because 
of  the  resistance  of  the  arc,  which  has  sufficient  poten- 
tial across  it  to  cause  the  relays  to  operate.  There  was 
no  convenient  method  for  measuring  this  voltage,  but 
apparently  it  was  of  the  order  of  five  percent.  On  a 
I  ID  000  volt  system,  the  arc  between  wires  will  ordi- 
narily be  about  15  feet  long,  and  may  greatly  exceed  this 
amount,  possibly  even  reaching  a  length  of  50  feet. 

The  first  tests  were  made  with  the  neutral  of  the 
system  grounded  only  at  the  power  house,  and  with 
short-circuits  at  the  Magella  substation  and  at  Gadsden. 
Another  series  was  run  with  the  neutral  grounded  both 
at  Lock  12  and  Magella.  In  each  case  the  relays  oper- 
ated satisfactorily.  Thirty  short-circuits  in  all  were  ap- 
plied to  the  system  but  no  trouble  of  any  kind  was 
caused  by  the  short-circuits  or  the  switching,  although 
during  some  of  the  tests  the  voltages  were  unbalanced 
to  such  an  extent  that  about  190  000  volts  were  observed 
between  two  of  the  wires  at  Magella. 
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THE  FOLLOWING  DISCUSSION  points  out  briefly  that  in  many  cases  the  constant  speed 
characteristic  is  superior  to  the  varying  speed  characteristic  under  present  railway  operating  conditions 
and  that  such  tendencies  will  increase  in  the  future. 

HEN  experiments  with  the  electric  propulsion  of  practically  constant  over  a  wide  range  of  load,  as  in 
vehicles  were  first  beg-un,  both  direct-current  curve  B,  Fig.  i.  A  varying  speed  characteristic  should, 
shunt  motors  and  series  motors  were  tried  out.  At    therefore,  not  be  confused  with  adjustable  speed,  which 


that  time,  little  attention  was  given  to  economical  opera- 
tion, operating  difficulties  being  so  numerous  that  any- 
thing workable  with  some  degree  of  rehability  was  con- 
sidered satisfactory.  The  line  regulation  was  very  bad 
and  the  voltage  furnished  to  the  vehicle  varied  anywhere 
between  a  maximum  and  zero,  due  to  the  fact  that  the 
rails  were  not  bonded.  Since  the  direct-current  shunt 
motor  is,  for  various  reasons,  very  sensitive  to  voltage 
fluctuations,  it  was  soon  discarded  for  traction  purposes 
and  the  series  motor  was  adopted. 

The  series  motor  has  done  excellent  work  in  prac- 
tically all  of  its  traction  applications.  As  a  consequence, 
everybody  has  grown  so  accustomed  to  the  idea  of  using 
series  motors  for  traction  purposes  that  hardly  anyone 


means  that  the  speed  can  be  adjusted  at  will  for  differ- 
ent speed-torque  curves.  Such  adjustments  as  shown 
in  Figs.  2  and  3,  may  be  possible  and  desirable  with 
either  constant  or  varying  speed  characteristics. 

Conditions  have  materially  changed  since  the  days 
when  the  series  motor  was  adopted  in  preference  to  the 
constant  speed  shunt  motor.  While  the  original  appli- 
cations were  entirely  limited  to  small  trolley  cars,  there 
are  now  electric  elevated  roads,  subwaj's,  trunk  line  elec- 
trifications, etc.  As  compared  with  the  very  imperfect 
original  direct-current  shunt,  series  and  compound  mo- 
tors there  are  now  highly  perfected  motors  of  the  same 
types.  In  addition  there  are  a  great  many  new  types 
with  almost  any  desired  characteristics,  as  for  instance, 


-CONSTANT   AND   VARYING    SPEED 
CHARACTERISTICS 


-ADJUSTABLE    VARYING     SPEED 
CHARACTERISTICS 


FIG.   3 — .\DJUSTABLE     CONSTANT     SPEED 
CHARACTERISTICS 


doubts  their  superiority  over  other  types  of  motors. 
Most  people  even  assume  as  a  matter  of  course  that  the 
varying  speed  characteristic  of  the  series  motor  is  the 
only  desirable  characteristic  for  traction  purposes.  This 
belief  is  further  strengthened  by  the  fact  that  the  steam 
locomotive  also  has  a  varying  speed  characteristic. 
The  varying  speed  characteristic  of  the  steam  locomo- 
tives, however,  as  well  as  of  some  other  t\'pes  of  engines 
is  hardly  a  matter  of  choice,  since  these  engines  have 
no  other  characteristic.  The  capacity  of  the  steam  en- 
gine is  to  a  large  extent  limited  by  the  size  of  the  boiler 
which  can  be  carried,  which  means  a  constant  limited 
horse-power  and,  therefore,  decreased  speed  with  in- 
creased tractive  effort. 

In  this  discussion  varying  speed  characteristic 
means  that  tlie  speed  of  the  vehicle  decreases  inherently 
with  increasing  loads,  as  in  curve  A,  Fig.  i,  while  con- 
stant speed  characteristic  means  that  the  speed  remains 


separately  excited  direct-current  motors,  induction  mo- 
tors, and  single-phase  commutator  motors.  The  control 
apparatus  and  auxiliary  devices  have  also  been  highly 
perfected. 

Other  important  changes  have  taken  place  with  re- 
gard to  the  traffic  conditions.  While  in  the  early  days, 
most  railroads  were  able  to  take  care  of  the  traffic  with 
the  existing  tracks,  a  great  many  railroads  are  now  un- 
able to  handle  the  traffic  with  double  tracks  and  many  of 
them  use  four  and  six  tracks  along  certain  lines.  Fur- 
ther changes  have  been  brought  about  by  different  rela- 
tive costs  of  labor  and  materials.  The  most  important 
change  is,  however,  that  all  railroads  are  forced  by  pres- 
ent conditions  to  consider  everything  from  a  purely 
economic  point  of  view,  whereas  in  the  past  it  was  pos- 
sible to  earn  dividends  as  long  as  things  could  be  kept 
running.  In  view  of  these  numerous  important  changes, 
it  seems  well  worth  while  for  any  railroad  to  consider 
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carefully  whether  a  varying  speed  characteristic  is  really 
what  is  wanted  or  whether  more  economical  results  can 
be  obtained  with  a  constant  speed  equipment. 

The  financial  success  or  failure  of  a  railway  is  en- 
tirely dependent  upon  the  net  earnings.  The  question 
is,  therefore,  how  these  items  may  be  affected  by  the 
choice  between  varying  and  constant  speed  characteris- 
tics for  the  vehicle.  In  considering  the  operating  ex- 
penses the  following  subdivision  of  items  may  be 
adopted  for  convenience. 

I — Fixed  Charges  are  chiefly  caused  by  interest  and 
depreciation,  both  of  which  are  usually  assumed  to  be 
about  proportional  to  the  first  cost.  The  first  cost,  in 
turn,  and  its  consequent  fixed  charges  may  be  subdi- 
vided as  follows: — 

a — Track,  trolley  or  third  rail  construction,  real  estate  for 

right  of  way,  etc. 
b — Rolling  stock. 

c — Power  supply  system  comprising  generation,   transmis- 
sion, transformation  and  distribution. 
Alost  taxes  may  also  be  considered  as  part  of  the 
fixed  charges. 

2 — Expenses  for  Power  Generation  are  about  pro- 
portional to  the  amount  of  generated  power.  Such  ex- 
penses are  chiefly  affected  by, — 

a — The    efficiency   of    the   generation,    transmission,    trans- 
formation and  distribution, 
b — The  efificiency  of  the  electrical  equipment  of  the  rolling 

stock. 
c — The  weight  of  the  rolling  stock. 

d — E.xpenses     for    labor    in    connection    with    the    power 
supply  system,  both  for  operation  and  maintenance. 

3 — Labor  Expenses  of  the  Transportation  Depart- 
ment consist  principally  of  the  wages  of  motormen,  en- 
gineers, conductors,  brakemen,  etc. 

4 — Cost  of  Maintenance   and  Inspection   may  be 
subdivided  into  costs  for, — 
a — Tracks,  signal  system,  etc. 
■    h — Rolling  stock,  including  its  electrical  equipment. 

(Power  supply  maintenance  is  taken  care  of  under  2.) 

5 — Expenses  caused  by  lack  of  reliability  of  opera- 
tion are  principally  governed  by  the  reliability  and  sim- 
plicity of  the  electrical  equipment  and  the  safety  of  its 
operation. 

Before  discussing  the  influence  of  the  speed  char- 
acteristic upon  these  items,  some  of  the  principal  in- 
herent differences  between  constant  speed  and  varying 
speed  equipments  should  be  pointed  out,  in  connection 
with  Figs.  4  and  5.  It  is  assumed  in  Fig.  4  that  a  series 
motor  is  accelerated  with  a  uniform  rate  of  acceleration 
between  A  and  B  until  the  varying  speed  motor  curve 
is  reached.  PVoin  there  on,  the  speed  further  increases, 
but  at  a  reduced  rate  of  acceleration  between  B  and  C. 
It  is  further  assumed  that  at  C  the  maximum  safe  speed 
is  reached  and  maintained  as  long  as  possible  between 
C  and  D.  It  is  further  assumed  that  at  £>  a  steep  grade 
is  reached  necessitating  very  much  increased  tractive 
effort.  With  a  varying  speed  characteristic,  this  means 
that  the  speed  of  the  vehicle  decreases  between  D  and  E 
until  balanced  conditions  between  required  tractive  ef- 
fort and  the  motor  tractive  effort  are  reached.  Froin 
there  on,  the  speed  remains  constant  as  long  as  the  grade 


lasts  until  the  power  has  to  be  shut  off  at  F  to  accom- 
plish a  stop  at  G  with  a  permissible  rate  of  retardation 
between  F  and  G.  The  time  consurned  for  making  the 
run  is  represented  by  the  line  AG  and  the  distance  trav- 
eled by  the  area  ABCDEFGA.  In  Fig.  5  the  same  work 
is  done  by  a  constant  speed  vehicle.  In  this  case,  the 
maximum  permissible  speed  is  reached  with  a  uniform 
rate  of  acceleration  between  A  and  C.  This  means,  of 
course,  that  the  maximum  speed  is  reached  sooner  than 
in  the  case  of  Fig.  4.  Maintaining  this  maximum  speed, 
the  beginning  of  the  grade  at  D  is  reached  somewhat 
earlier  than  in  the  previous  case  on  account  of  the 
quicker  acceleration  and  the  longer  time  operation  at 
full  speed.  Upon  reaching  the  grade,  the  constant  speed 
characteristic  will  maintain  maximum  speed  long  enough 
to  reach  a  point  F  at  which  the  power  has  to  be  shut  off 
in  order  to  effect  a  stop  at  G  after  traveling  the  same 
distance  as  in  the  previous  figure.  Since  the  distance 
traveled  is  to  be  the  same,  the  size  of  the  area  ACDFGA 


FIG.   4 — SPEED-TIME  CHARACTERISTIC  OF  AN   ELECTRIC   RAILWAY 
VEHICLE    WITH    VARYING    SPEED 

FIG.    5 — SAME  AS    FIG.   4   WITH    CONSTANT  SPEED 

The  area  under  the  full  line  represents  the  distance 
traveled.  The  area  under  the  dotted  line  represents  the  energy 
output  of  the  motors  for  the  run. 

is  the  same  as  the  full  line  area  in  the  previous  figure; 
the  time  consumed  for  traveling  this  distance  is,  how- 
ever, materially  reduced,  so  that  under  the  assumption 
made  the  constant  speed  motor  can  make  a  25  percent 
faster  schedule  speed  than  the  varying  speed  motor.  The 
amount  of  gain  depends,  of  course,  upon  the  particular 
conditions  and  is  especially  affected  by  the  number  of 
accelerations  to  be  made  and  by  the  amount  of  up-grade 
mileage. 

As  a  matter  of  course,  it  requires  more  powerful 
motors  to  accomplish  this  result,  it  being  evident  that  if 
a  train  moves  up-grade  at  higher  speeds,  it  will  require 
more  horse-power  to  do  this.  The  dotted  lines  in  Figs. 
4  and  5  represent  the  horse-power  output  of  the  motors 
in  the  two  cases.  A  comparison  between  the  two  shows 
that  under  the  assumed  conditions,  the  average  horse- 
power over  the  run  is  25  percent  larger  and  the  maxi- 
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mum  or  peak  horse-powei-  output  about  85  percent 
larger  with  the  constant  speed  motor.  This  naturally 
means  that  a  constant  speed  equipment  has  to  be  heavier 
and  more  expensive.  On  the  other  hand  it  must  be 
considered  that  each  equipment  can  cover  a  larger  mile- 
age each  day  on  account  of  the  higher  schedule  speed 
and  as  a  consequence  the  number  of  equipments  can  be 
reduced  with  constant  speed  vehicles.  In  a  great  many 
cases  it  will  be  found  that  the  saving  accomplished  by 
the  smaller  number  of  equipments  is  even  greater  than 
the  extra  expense  caused  by  the  more  powerful  motors 
used  on  each  equipment. 

While  the  constant  speed  motor  requires  more  pow- 
erful equipments  on  account  of  the  fact  that  certain 
work  is  to  be  done  in  a  shorter  time,  the  total  power 
consumption  in  horse-power  hours  is  not  materially  dif- 
ferent in  the  two  cases,  assuming  of  course  the  same 
number  of  ton-miles.  It  will  thus  be  seen  that  the  total 
dotted  areas  of  Figs.  4  and  5  are  about  the  same. 

The  greater  peak  or  maximum  power  used  by  the 
constant  speed  equipment  during  up  grade  runs  or  while 
accelerating  is  liable  to  increase  the  power  peaks  taken 
from  the  line,  especially  in  cases  where  the  traffic  is  not 
very  dense.  This,  in  turn,  means  that  the  constant  speed 
equipment  may  require  greater  expense  for  most  parts 
of  the  power  supply  system.  Especially  with  smaller 
railways  and  small  traffic,  this  item  may  be  of  impor- 
tance, while  on  tlie  other  hand  it  may  be  negligible  in 
cases  of  larger  power  stations  and  dense  traffic.  As  al- 
ready pointed  out  the  total  power  consumption  in  kw- 
hrs.  is  approximately  the  same,  no  matter  whether  a 
certain  tonnage  is  transported  over  a  given  distance  at 
high  speed  or  at  low  speed ;  the  difference  can  therefore 
be  only  in  the  so-called  load  factor  of  the  two  cases. 

From  the  standpoint  of  safety,  a  constant  speed 
equipment  is  superior,  since  with  power  on,  it  cannot 
exceed  a  safe  maximum  speed,  while  the  varying  speed 
equipment  has  a  tendency  to  overspeed.  It  is  true  that 
the  constant  speed  equipment  runs  faster  up  grade ;  this 
however  does  not  introduce  any  material  risk  because  a 
stop  can  usually  be  accomplished  quickly  when  going 
up  grade. 

With  the  above  general  conclusions  in  mind,  con- 
sider first  a  case  where  the  existing  trackage  can  handle 
the  available  traffic  with  the  schedule  speed  of  either  a 
constant  or  a  varying  speed  motor.  In  this  case,  the 
constant  speed  motor,  with  its  higher  schedule  speed 
may  have  the  advantage  of  increasing  the  gross  earn- 
ings of  the  road  by  offering  quicker  transportation  fa- 
cilities. The  higher  schedule  speed  will  also  reduce  the 
time  spent  by  the  operating  force  in  running  the  vehicle, 
which  means  saving  of  labor;  in  addition,  the  safety  is 
increased. 

These  advantages  are  partly  or  entirely  counter- 
balanced by  the  increased  fixed  charges,  which  may  be 
caused  by  a  more  costly  power  supply  system.  Further, 
while  the  same  weights  can  be  moved  with  equal  power 
consumption  at  either  high  or  low  speed,  the  more  pow- 


erful constant  speed  equipment  is  heavier ;  and  such  in- 
creased weight,  in  turn,  will  increase  the  power  con- 
sumption to  some  extent.  The  possible  smaller  load  fac- 
tor may  also  reduce  the  efficiency,  of  the  equipment  or 
power  supply  system  slightly. 

It  is  evident  that  with  the  assumption  of  light  traf- 
fic a  great  number  of  details  and  working  conditions  en- 
ter into  the  determination  as  to  whether  the  most  eco-  ' 
nomical  results  can  be  obtained  with  constant  or  varying 
speed  equipments.  The  higher  schedule  speeds  may  be 
a  great  business  getter  where  there  is  keen  competition, 
while  it  may  be  of  practically  no  value  in  other  cases. 
The  variations  in  cost  of  labor,  power,  etc.,  may  throw 
the  balance  in  one  direction  or  the  other.  If  the  labor 
is  paid  on  a  mileage  basis  for  instance,  no  saving  can 
be  accomplished.  There  is  no  doubt,  however,  that  with 
the  conditions  which  have  prevailed  in  the  past,  the 
varying  speed  motor  gave  better,  or  at  least  as  good,  re- 
sults as  the  constant  speed  motor  in  the  majority  of 
cases.  This  is  due  to  the  fact  that  most  electric  rail- 
ways had  no  competition  and  that  the  expense  for  op- 
erating labor  was  relatively  low.  On  the  other  hand,  the 
cost  of  power  and  equipment  for  the  power  system  was 
high.  All  of  this  tends  to  throw  the  scale  in  favor  of 
the  varying  speed  equipment.  These  conditions  are, 
however,  changing  since  competition  and  cost  of  labor 
are  increasing  rapidly.  Under  the  present  war  condi- 
tions, the  cost  of  power  and  equipment  may  be  relatively 
high,  but  there  is  little  doubt  that  both  will  again  de- 
crease after  the  war,  there  having  been  a  steady  decrease 
previous  to  the  war.  This  means  that  the  majority  of 
items  is  about  to  change  in  favor  of  the  constant  speed 
equipment. 

While  in  spite  of  these  changing  tendencies,  it  may 
be  still  doubtful  in  a  great  many  cases  of  light  traffic 
as  to  whether  the  one  or  the  other  speed  characteristic 
is  to  be  preferred,  everything  seems  to  be  in  favor  of 
the  constant  speed  motor  in  most  cases  of  very  dense 
traffic.  With  a  good  many  roads,  especially  subways, 
elevated  roads,  and  Eastern  trunk  lines,  as  well  as 
mountain  sections  of  Western  trunk  lines,  the  present 
traffic  can  just  barely  be  handled  with  tlie  existing  track- 
age. Any  increased  business  can,  therefore,  only  be 
taken  care  of  by  either  additional  trackage,  larger  trains 
or  increased  schedule  speeds.  Since  in  a  great  many 
cases,  it  is  not  safe  to  increase  the  maximum  speeds  and 
not  practicable  to  increase  the  size  of  train,  the  schedule 
speed  can  best  be  increased  by  using  the  maximum  safe 
speeds  constantly.  The  increased  expense  for  the  power 
supply  system  possibly  required  for  doing  this  is  as  a 
rule  only  a  small  percentage  of  the  expenses  caused  by 
additional  trackage.  This  is  particularly  true  in  densely 
populated  sections,  as  well  as  in  mountain  sections. 
Therefore  the  balance  swings  in  such  cases  in  favor  of 
the  constant  speed  equipment  with  regard  to  fixed 
charges,  and  in  addition,  there  is  the  advantage  of 
chances  for  increased  business,  reduction  in  cost  of  op- 
erating labor  and  increased  safety  on  account  of  limited 
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speeds,  especially  on  down  grades.  The  increase  of 
power  consumption  caused  by  the  greater  weight  and 
lower  load  factor  of  the  equipment  is  of  small  practical 
importance  as  compared  with  the  other  items. 

In  the  previous  comparative  considerations,  little 
has  been  said  with  regard  to  the  cost  of  maintenance  and 
reliability.  This  is  due  to  the  fact  tliat  these  items  de- 
pend more  upon  the  details  of  the  individual  system 
chosen  than  they  do  upon  the  difference  between  con- 
stant and  varying  speed.  The  maintenance  and  relia- 
bility of  the  equipment  is  at  present  more  favorable  with 
the  varying  speed,  direct-current  equipment,  there  being 
no  doubt  but  that  the  straight  series  motor  equipment  is 
simpler,  more  reliable  and  cheaper  to  maintain  than 
any  other  direct-current  equipment  at  present  available. 
With  alternating-current  equipments,  the  reverse  is  the 
case.  The  simplest  and  most  rugged  alternating-current 
motor  is  at  present  the  straight  induction  motor,  which 
happens  to  be  of  the  constant  speed  type.  It  is,  there- 
fore, quite  possible  in  a  great  many  cases  that  it  is  more 
economical  to  choose  a  varying  speed  motor  in  case  of 
direct-current  power  on  a  line  where  under  otherwise 
equal  conditions  the  constant  speed  characteristic  would 
be  chosen  in  case  of  alternating-current  power. 

The  efficiency  of  the  equipment  also  depends  more 
upon  the  individual  type  of  equipment  than  upon  the 
speed  characteristic.  Disregarding  slight  differences 
caused  by  different  load  factors,  the  efficiency  of  most 
Jyp.es  .of  motors  when  running  at  their  speed  curve  us- 
ually does  not  vary  to  any  great  extent.  The  principal 
difference  between  the  various  systems  in  efficiency  is 
usually  caused  by  the  auxiliary  devices  and  by  certain 
accelerating  losses.  A  detailed  discussion  of  this  sub- 
ject would  consume  too  much  space  and  be  of  little  value 
in  this  connection,  since  conditions  are  continually 
changing  for  most  systems  as  the  art  progresses. 

It  is  evident  that  most  of  these  conclusions  are 
governed  by  the  speed  characteristic  of  the  vehicle.  This 
does  not  necessarily  mean  that  the  inherent  speed  char- 
acteristic of  the  motor  and  that  of  the  vehicle  have  to  be 
identical,  it  being  for  instance  quite  possible  to  obtain 
constant  speed  vehicle  control  by  means  of  the  proper 
controlling  devices  with  a  motor  having  an  inherently 
varying  speed  characteristic  and  of  sufficient  capacity  to 
move  up  hill  at  maximum  safe  speed. 

With  long  and  uniform  grade  sections  fairly  con- 
stant speed  operation  may  also  be  obtained  in  connec- 
tion with  a  varying  speed  motor  by  using  pusher  en- 
gines on  the  grades. 

It  is  also  evident  that  a  varying  speed  motor  with 
constant  load  and  always  running  on  the  level  will  give 
practically  constant  speed  service. 

Further,  as  pointed  out  in  the  beginning,  constant 
speed  characteristic  does  not  mean  necessarily  that  the 


vehicle  should  have  only  one  characteristic  of  the  con- 
stant speed  type.  There  is  no  doubt  that  the  constant 
safe  speed  on  different  parts  of  the  same  railway  system 
may  vary  somewhat  with  the  track  condition  especially 
on  account  of  curves,  and  that  it  is,  therefore,  desirable 
to  adjust  the  constant  speed  to  various  values  for  var- 
ious sections.  Constant  speed  in  the  foregoing  simply 
means  that  if  the  speed  has  been  adjusted  for  a  certain 
maximum  permissible  value,  it  should  not  inherently  de- 
crease whenever  the  load  increases  on  account  of  a 
grade,  or  the  like. 

Many  railway  men  are  under  the  impression  that  a 
varying  speed  characteristic  is  desirable  in  order  to  be 
able  to  make  up  time.  This  is  altogether  erroneous. 
It  is  impossible  to  make  up  time  with  either  a  varying 
speed  or  a  constant  speed  characteristic  if  during  nor- 
mal operation  the  vehicle  is  operated  all  the  time  at  the 
highest  speed  which  is  possible  with  the  particular  equip- 
ment. The  chances  for  making  up  lost  time  exist  in 
either  case  only  if  a  margin  is  provided  in  the  normal 
schedule  speed.  This  can  best  be  done  with  either  a 
constant  or  varying  speed  characteristic  by  normally 
introducing  a  certain  period  for  coasting,  which  inci- 
dentally increases  the  efficiency  of  the  equipment.  If 
such  a  period  of  coasting  is  provided  for,  it  is  possible 
with  either  characteristic  to  make  up  a  certain  amount 
of  time  by  shortening  or  eliminating  the  coasting  period. 
Therefore,  the  ability  for  making  up  time  is  the  same 
in  both  cases,  as  long  as  the  maximum  safe  speeds  are 
adhered  to.  The  varying  speed  characteristic  gives,  of 
course,  the  possibility  of  exceeding  the  maximum  safe 
speed,  and  thereby  making  up  time,  this  being,  however, 
done  at  considerable  risk.  On  the  other  hand,  the  con- 
stant speed  equipment  has  the  great  advantage  of  not 
being  liable  to  lose  time  as  much  as  the  varying  speed 
equipment.  In  many  cases  time  is  lost  with  varying 
speed  equipments  on  days  of  heavy  traffic,  because  the 
increased  load  reduces  the  speed  of  the  vehicle  just  at 
times  when  it  is  most  objectionable. 

A  complete  and  exhaustive  study  of  the  question 
is  manifestly  impossible  on  account  of  the  great  variety 
of  local  conditions;  but  the  arguments  advanced  should 
give  evidence  to  the  effect  that  while  the  varying  speed 
motor  has  done  good  service  in  the  past,  the  present  and 
future  tendency  will  be  towards  constant  speed  opera- 
tion. One  of  the  strongest  evidences  along  this  line,  is 
for  instance,  the  fact  that  steam  railroads  are  about  to 
electrif}'  mountain  sections  in  order  to  get  increased 
speeds  and  to  avoid  the  necessity  of  extra  tracks.  This 
means  nothing  more  or  less  but  that  they  feel  the  neces- 
sity of  making  the  speed  on  the  mountain  sections  more 
nearly  equal  to  the  speed  on  the  level.  In  other  words, 
they  are  trying  to  get  constant  speed  over  their  entire 
system. 
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THE  SCHOOLS  have  for  centuries  failed  to 
qualify  their  students  specifically  for  business 
life,  except  in  the  matter  of  training  the  compre- 
hension, and  of  supplying  a  cultural  value  which  en- 
hances personality.  This  result  is  not  only  well-nigh  in- 
evitable, but  it  is  right.  Human  capacity  is  limited  and 
it  is  certainljr  circumscribed  by  the  element  of  time.  The 
schools  are  beginning  to  yield  to  the  demand  of  business, 
and  an  ever-increasing  number  of  them  are  incorporat- 
ing commercial  courses  in  their  curricula,  but  this  policy 
is  of  doubtful  value,  inasmuch  as  it  is  usually  accom- 
panied by  the  sacrifice  of  some  of  the  older  studies 
which  mean  so  much  of  long-acknowledged  value.  Even 
if  our  schools  deferred  strictly  commercial  training  for 
post-graduate  work,  the  policy  would  still  be  question- 
able, because  the  application  of  the  things  taught  could 
not  be  made  during  the  school  period,  and  also  because 
the  development  of  the  mind  embraces  certain  fixed  in- 
cubation periods  when  only  certain  faculties  will  readily 
mature — initiative,  for  example. Thus  it  appears  to  be 
tlie  part  of  wisdom  for  industrial  and  commercial  in- 
stitutions to  accept  graduates  as  they  have  been,  and  as 
they  are,  and  to  supply  that  needed  commercial  training 
under  the  favorable  condition  of  its  concrete  application 
and  conscious  need. 

With  this  conception  of  the  problem,  the  \\'esting- 
house  Company  has  conducted  for  a  number  of  years, 
varied  educational  activities  among  the  younger  techni- 
cal graduates  in  their  employ.  This  work  has  been  of 
great  benefit  in  selecting  and  fitting  employees  more 
quickly  for  that  branch  of  a  large  and  complex  organ- 
ization to  which  they  are  best  adapted.  While  primarily 
the  purpose  was  to  train  new  employees,  yet  the  scope 
of  the  plan  has  been  broadened  to  include  the  more 
rapid  promotion  of  many  of  the  older  employees. 

The  method  used  in  training  these  men  is  known  as 
the  "practical-theoretical"  and  is  sanctioned  by  educa- 
tional authorities  as  being  the  best,  when  practicable.  It 
consists  of  assigning  the  man  to  a  job  or  a  series  of  jobs 
and  at  the  same  time  giving  him  a  careful  course  of  in- 
struction pertaining  to  the  line  of  work  with  which  he  is 
immediately  concerned.  During  this  period  he  is  closely 
supervised  and  a  careful  record  is  kept  of  his  progress, 
both  from  a  theoretical  and  a  practical  standpoint.  His 
ability  to  work  as  an  effective  link  in  a  large  organiza- 
tion is  carefully  noted.  The  records  secured  during  this 
carefully  supervised  period,  which  is  approximately  one 
year  in  length,  serve  as  a  verification  of  any  predictions 
made  as  to  what  work  the  man  will  eventually  do  with 
the  greatest  ease  and  satisfaction. 

Before  a  man  is  definitely  assigned  to  work  as  a 
productive  unit,  he  is  given  specific  training  to  fit  him 
for  the  particular  line  of  work  which  he  will  do.  Young 


engineers  are  trained  for  several  months  in  an  engineer- 
ing school.  The  commercial  engineers  take  up  a  course 
of  study  along  the  lines  of  salesmanship,  commercial 
law,  business  letter  writing,  etc.,  for  a  period  of  from 
three  to  five  months.  Other  lines,  such  as  factory 
management,  service,  operating,  etc.,  each  have  their 
specific  training  at  the  end  of  the  try-out  period. 

Referring  especially  to,  say,  commercial  training, — 
a  request  comes  for  a  man  for  commercial  work.  The 
section  which  is  responsible  for  the  development  of 
commercial  candidates  examines  the  records  of  the 
available  men  and  selects  one  or  two  prospects.  These 
are  .sent  to  the  head  of  the  department  from  which  the 
request  originated,  along  with  both  the  school  record 
and  the  records  covering  their  entire  time  with  the  com- 
pany. A  special  feature  of  the  commercial  section  con- 
sists of  sending  each  applicant  to  a  group  of  from  seven 
to  nine  men  with  a  number  of  years  commercial  experi- 
ence. At  the  close  of  a  fifteen  minute  interview  these 
experienced  men  record  their  impressions.  The  results 
of  these  interviews  are  considered  very  essential  in  the 
final  placing  of  the  prospective  man,  since  his  con- 
duct during  the  interviews  is  usually  indicative  of  his 
conduct  during  the  first  year  or  two  in  the  field. 

However,  both  commercial  and  industrial  institu- 
tions are  confronted  with  the  same  difficulties  in  the 
problem  of  educating  tlieir  employees  for  efficient  ser- 
vice, as  are  encountered  by  the  schools  and  colleges. 
These  difficulties  embrace  the  expense  and  time  re- 
quired, and  the  impetuosity  and  disposition  of  the  stu- 
dents, who  are  impatient  to  get  into  active  service.  The 
solution  of  the  problem  appears  to  be  in  an  intensifica- 
tion and  a  limited  modification  of  present  school  and 
college  training,  in  such  ways  as  giving  more  attention 
to  language,  psychology  and  economics;  a  somewhat 
lengthened  and  refined  training  on  the  part  of  commer- 
cial and  industrial  institutions; — all  to  be  allowed  by  a 
longer  and  broader  training,  through  attendance  by  the 
students  at  evening  classes  or  through  selected  corre- 
spondence training  along  commercial  and  economic 
lines.  With  young  men  entering  the  service  of  our  larger 
business  concerns  this  policy  should  be  strongly  en- 
couraged, and  much  stimulation  should  be  provided  by 
some  form  of  practical  recognition,  such  as  either 
higher  compensation  or  the  absorption  of  some  of  the 
expense  of  this  continuation  school  process,  based  upon 
the  rapidity  and  thoroughness  of  completing  the  course. 

While  good  commercial  teachers  are  exceedingly 
scarce,  leaders  of  inspirational  power  are  much  more 
rare,  and  even  with  the  best  of  leaders  the  work  should 
be  reinforced  by  the  ver\'  active  interest  and  unquali- 
fied recognition  of  the  higher  officials  of  each  company 
engaging  systematically  in  the  training  of  its  employees. 
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CONTROL  equipment  providing  a  slow  operating 
speed  of  about  one-twentieth  of  the  normal  speed 
is  used  in  setting  up  a  machine  preparatory  to  the 
commercial  run;  for  instance,  in  a  paper  or  rubber  calen- 
der, the  paper  or  rubber  must  be  threaded  between  the 
calender  rolls  by  hand.  Unless  these  rolls  turn  at  a  very 
slow  speed,  the  operator  is  in  danger  of  injury.  Another 
application  is  the  cloth  printing  machine  in  textile  mills. 
The  cloth  is  threaded  through  the  machine  in  a  manner 
similar  to  a  calender  and  in  addition,  it  is  necessary  to 
see  that  the  printing  registers  properly  before  operating 
at  normal  speed. 
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also  affect  the  load,  but  this  load  remains  approximately 
uniform  for  any  particular  combination.  The  load  on 
rubber  calenders  is  more  variable  on  account  of  the 
numerous  operations  performed  by  the  same  machine. 
It  is  affected  considerably  by  the  amount  of  rubber  in 
the  rolls.  The  variation  in  the  torque  of  the  motor  is  a 
very  important  factor  in  designing  a  suitable  control  for 
operation  at  slow  initial  speeds. 

After  the  machine  has  been  made  ready  to  operate, 
it  is  accelerated  smoothly  to  the  proper  operating  speed. 
Most  of  these  applications  require  a  large  number  of 
economical    operating   speeds,    which    are   obtained   by 


-SINGLE    MOTOR    AND    SINGLE 
VOLTAGE    CONTROL 


-SINGLE     MOTOR    AND    DOUBLE 
VOLTAGE   CONTROL 


FIG.    3 — SINGLE    MOTOR    AND   DOUBLE   VOLTAGE   CONTROL 

The  field  rheostat  is  operated  by  a  push  button  controlled 
motor. 


The  different  applications  require  minor  changes  in 
details  but  the  underlying  principles  are  the  same.  Re- 
cent legislation,  initiated  by  the  Bureau  of  Standards  at 
Washington,  has  been  enacted  in  several  states  requiring 
the  live  parts  of  the  control  equipment  to  be  inaccessible 
to  unauthorized  persons.  This  is  tending  vei-y  strongly 
to  increase  the  use  of  remote  control  from  push  button 
stations  or  master  switches.  The  push  button  con- 
troller is  the  most  desirable  but  costs  more.  In  the  past, 
it  has  been  selected  in  the  main  on  account  of  its  con- 
venience. In  the  future,  the  question  of  personal  safety 
to  the  operator  will  be  an  important  additional  factor  in 
the  selection  of  this  type  of  control. 

In  equipments  of  this  kind  as  a  rule,  the  torque  re- 
quired from  the  motor  is  constant.  The  load  is  mostly 
friction  and  therefore  steady.  In  paper  calenders  the 
quality  of  the  stock  and  the  pressure  between  the  rolls 


changing  the  field  strength  of  the  direct-current  motor, 
or  if  an  alternating-current  motor  is  used,  the  resistance 
of  the  secondary  circuit  is  changed. 

In  some  applications,  a  two  voltage  direct-current 
circuit  is  provided,  usually  115  and  230  volts.  Fig.  10. 
The  double  voltage  system  reduces  the  speed  range  re- 
quired from  a  motor  by  field  adjustment  and,  therefore, 
decreases  the  first  cost  of  the  motor.  The  disadvantage 
of  this  system  is  the  extra  wfire  required  and  the  addi- 
tional complication  in  the  generating  equipment.  In 
some  applications,  a  rotary  converter  is  used  to  change 
the  power  from  alternating  to  direct-current.  This  con- 
verter can  readily  be  arranged  to  give  both  115  and  230 
volt,  three-wire  power  circuits.  In  most  cases,  this 
converter  is  located  close  to  the  machinery  and  the 
extra  expense  of  wire  is  small. 

The  cost  of  a  4:1  adjustable  speed  direct-current 
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motor,  as  compared  with  a  2 :  i  motor,  depends  to  a  con- 
siderable extent  upon  the  commercial  demand  for  this 
4:1  motor.  These  motors  are  built  in  considerable 
quantities  up  to  50  or  75  horse-power  and,  for  such  sizes 
it  is  usually  more  economical  to  use  a  4:1  motor,  than 
a  2:1  and  a  double  voltage  system  of  control.  For 
larger  sizes,  the  reverse  may  be  true.  This  is,  of  course, 
unde;-going  continual  commercial  change  and  a  decision 
should  only  be  reached  after  a  careful  investi- 
■gation  of  the  apparatus  available.  , 

The  speed  control  over  the  normal  op- 
erating range  presents  no  problems  different 
from  those  previously  described.  The  prob- 
lem which  makes  this  class  of  control  differ- 
ent from  others,  is  the  method  of  obtaining  a 
very  slow-  operating  speed  for  making  up  the 


FIG.   4 — CONIKOLLER    FUR    A    SINGLE    MOTOR 

WITH   ADJUSTABLE   ARMATURE   SERIES    AND 

ARMATURE    SHUNT   RESISTANCE 

This  controller  is  represented  dia- 
grammatically  in  Fig.  12.  The  con- 
tacts in  the  lower  left  corner  are  those 
controlled  by  switch  3  and  the  contacts 
in  the  lower  right  corner  are  those  con- 
trolled by  switch  4,  Fig.  12. 


proper  slow  speed  with  the  small  motor  operating  near 
its  normal  speed.  This  motor  is  started  up  and  con- 
trolled in  the  usual  manner.  After  the  machine  has 
been  made  up,  the  main  operating  motor  is  connected 
to  the  line  and  accelerates  the  machine  to  its  normal  op- 
erating speed.  At  the  same  time,  the  small  motor  is 
disconnected  from  the  line  and  automatically  uncoupled 
from  the  machine.    The  schematic  diagram  for  a  direct- 
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FIG.    5 — CONTROL    SCHEME    FOR   OPERATION    OVER    A    WIDE    RANGE   OF    SPEEDS 

A  large  motor  and  small  motor  are  used.  The  small  motor  operates 
the  machine  at  minimum  speed  and  is  cut  out  of  circuit  when  the  large 
motor  is  used  for  driving  the  machine  at  normal  speed.  The  contactors 
remain  the  same  over  a  wide  range  of  speed  obtained  by  field  rheostatic 
control.  After  all  the  contactors  have  closed,  during  acceleration;  the 
motor  is  gradually  brought  up  to  the  speed  corresponding  to  the  rheostat 
setting,  by  the  field  relay  FR. 


FIG.   6 CONTROL    SCHEME    FOR    ALTERNATING-CURRENT    MOTORS 

The  small  motor  is  connected  to  the  line  by  contactor  2  and  the 
large  motor  by  contactor  i.  The  resistors  in  the  small  motor  circuit  are 
adjusted  to  give  the  proper  minimum  speed  The  large  motor  may  or 
may  not  be  connected  to  the  line,  while  the  small  motor  is  operating  the 
machine.  The  speed  of  the  large  motor  is  adjusted  by  changing  the 
resistors  in  the  secondary'  with  a  drum  controller.  The  small  motor  is 
disconnected  when  the  large  motor  begins  to  accelerate  the  machine. 
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machine.  The  starting  or  threading  speed 
for  direct-current  equipments  may  be  ob- 
tained by  using  resistors  in  series  and  in  shunt 
with  the  motor  armature.*  Where  the  size 
of  the  motor  is  small  or  the  minimum  operat- 
ing speed  comparatively  high,  this  method  is 
economical  and  frequently  used. 

For  large  motors  or  where  a  wide  differ- 
ence e.xists  between  the  slow  speeds  for 
threading  purposes  and  the  maximum  operat- 
ing speeds,  four  methods  of  control  have  beenapplied  :— 

I — This  arrangement  can  be  used  for  either  alter- 
nating or  direct-current.  It  consists  in  using  a  small 
auxiliary  motor  geared  to  the  main  drive  to  give  the 
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*This    method    of    speed    control 
Journal  for  April,  1917,  p.  151. 


was    described    in    the 


FIG.    7 — modification  OF  THE  SCHEME  SHOWN  IN   FIG.   5 

Both  the  small  motor  and  the  large  motor  are  connected  to  the  line 
during  the  slow-speed  operation.  The  diagrams  are  essentially  the  same, 
except  for  the  sequence  of  the  contactors. 

current  motor  is  shown  in  Fig.  5  and  for  an  alternating- 
current  motor  in  Fig.  6. 

2 — This  scheme  is  applicable  to  either  alternating 
or  direct-current  motors.  It  is  similar  to  No.  i,  except 
that  both  the  main  motor  and  the  auxiliary  motor  are 
started  together,  the  motors  being  geared  together.    The 
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resistor  in  series  with  the  main  motor  is  adjusted  to 
give  less  than  the  required  speed  of  the  machine.  The 
additional  speed  is  obtained  by  loading  the  auxiliary 
motor.  Since  this  auxiliary  motor  operates  close  to  its 
normal  speed,  its  operation  is  quite  stable  and  it  readily 
adapts  itself  to  any  change  in  the  load  without  a  ma- 
terial change  in  its  speed.  If  the  equipment  is  operating 
at  the  required  speed  and  the  load  increases,  tlie  machine 
tends  to  slow  down.  A  small  change  in  the  speed  of  the 
machine  makes  a  large  change  in  the  speed  of  the  aux- 
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slow  speed.  The  schematic  diagram  of  this  control. 
Fig.  7,  differs  from  the  former  diagrams  in  that  the 
main  motor  is  in  circuit  during  the  start.  After  the  ma- 
chine is  made  up,  the  main  motor  accelerates  it  to  the 
normal  operating  speed  and  the  small  motor  is  discon- 
nected from  tlie  line  and  disengaged  from  the  gearing 
so  that  it  remains  at  rest  during  normal  operation. 

3 — The  third  scheme  is  applicable  only  to  direct- 
current  motors,  Fig.  8.  The  armatures  of  these  two 
motors  are  connected  in  series,  and  they  are  connected 
together  through  gearing  for  the  slow  speed. 
Both  motors  are  started  at  the  same  time,  the 
small  motor  running  close  to  its  normal  speed. 
Its  armature  sets  up  a  counter  e.  m.  f.  which 
absorbs  most  of  the  line  voltage  available  for 
the  main  motor.  A  small  change  in  speed  of 
the  machine  causes  this  auxiliary  motor  to 


FIG.   8 — MODIFICATION   OF  THE   SCHEME  SHOWN   IN   FIG.   5 

The  main  motor  and  small  motor  have  their  armatures  connected 
in  series  for  the  minimum  speed.  The  small  motor  is  disconnected  when 
the  large  motor  accelerates  the  machine  to  normal  operating  speed. 
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FIG.   9 — CONTROL    SCHEME    FOR    USE    WITH    A    MECHANICAL   GEAR   CHANGER 

To  give  the  slow   speed  operation.     The  control  is  similar  to  those 
described  in  previous  issues. 


SCHEME  OF  MAIN  CONNECTIONS 


SEQUENCE  OF  CONTACTORS 


tArr' 


Wftnnnnr*"^ 


<jl 

^ 

Steps 

S,=ps 

2 

1 

2 

ill 

- 

1 

0 

ool^ 

0 

0 

0 

0 

0 

0 

Oj 

0 

7 

0 

0 

00 

0 

0 

1 

:) 

3 

:: 

O]  0 

4 

n 

0 

r 

3 

3 

:: 

W-= 

5 

0 

0 

0 

0 

u  -i 

6 

n 

c 

"<^ 

7 

0 

0 

0 

0 

F,R 

c 

0 

r 

0 

J 

0 

lA  0 

1 

FIG,    10 — CONTROL  SCHEME   FOR  OPERATION   FROM    TWO  VOLTAGES 

The  lower  voltage  is  between  positive  and  neutral  and  the  higher 
between  positive  and  negative.  Resistors  are  provided  both  in  series 
and  shunt  with  the  armature  to  give  the  slow-speed  operation  at  the 
minimum  voltage.  A  two-pole,  double-throw  knife  switch  is  shown  for 
reversing  the  armature  if  occasion  should  require.  This  switch  is 
operated  only  when  the  motor  is  disconnected  from  the  line.  Steps  3  to 
II  are  field  control  at  the  low  voltage,  and  13  to  19  are  field  control  at 
the  high  voltage. 


FIG.    II — TWO     MOTOR,     FULL     AUTO- 
MATIC   DIRECT-CURRENT    CONTROLLER 

For    remote    control    by    push 
buttons. 


iliary  motor  and  materially  increases  the  load  on  this 
motor  so  that  it  supplies  the  additional  torque  required 
with  only  a  slight  decrease  in  speed.  If  the  load  is  re- 
duced instead  of  increased,  a  slight  increase  in  the  ma- 
chine speed  will  cause  a  considerable  increase  in  the 
speed  of  the  auxiliary  motor,  which  materially  reduces 
the  load  on  this  motor  and  compensates  for  the  differ- 
ence in  torque  required  by  the  machine.  Since  the  aux- 
iliary motor  acts  only  as  a  stablizer,  it  can  be  smaller 
than  where  it  alone  is  used  to  drive  the  machine  at  the 


alter  its  counter  e.  m.  f.  which  makes  a  con- 
siderable change  in  the  voltage  across  the 
main  motor  and  adjusts  the  total  torque  for 
the  two  motors  with  only  a  very  small  change 
in  speed.  After  the  machine  is  made  up,  it  is 
accelerated  to  the  normal  operating  speed  and 
the  small  motor  is  disconnected,  as  previously  described. 
4 — The  fourth  scheme.  Fig.  9,  consists  in  a  double 
set  of  gearing  connected  by  some  form  of  friction  or 
magnetic  clutch.  The  machine  is  operated  by  one  mo- 
tor, which  starts  by  driving  the  machine  through  the  re- 
duction gear.  After  the  machine  has  been  made  up,  the 
large  motor  is  gradually  transferred  from  the  low  gear- 
ing to  the  high  gearing  by  means  of  the  clutch.  A  con- 
siderable number  of  mechanical  devices  have  been 
placed  on  the  market  for  effecting  this  change  in  speed 
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gradually  without  shock  or  jar  to  the  drive.  No  at- 
tempt will  be  made  to  describe  these  devices  in  detail, 
as  they  dififer  widely  for  different  classes  of  service. 

The  selection  of  the  best  scheme  for  any  particular 
drive  is  determined  largely  by  the  first  cost  and  main- 
tenance, which  is  in  turn  influenced  by  tlie  commercial 
apparatus  available.  An  analysis  of  each  particular 
problem  should  be  made.  A  description  of  a  push  but- 
ton controller  of  this  general  type  will,  in  the  main, 
cover  the  manual  and  semi-automatic  controller.  Panels 
for  several  different  automatic  controllers  are  shown. 
These  panels  consist  of  a  power-driven  master 
switch  having  sliding  contacts,  the  contact  arm  being 
moved  either  by  a  small  motor  or  a  magnet.  This  motor 
or  magnet  is  controlled  by  a  set  of  push  buttons.  The 
movement  of  this  master  switch  controls  the  circuit  to 
the  main  and  auxiliary  motors,  partly  through  magnetic 
contactors  and  partly  by  direct  contact.  The  power- 
operated  master  switch  may  be  replaced  by  a  drum  type 
or  face  plate  master  switch  operated  manually.  The 
motor-operated   switches   shown   are   provided   with    a 
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FIG.    12 — CdXTROL     SCHEME    FOR    AUTOM.\TIC     ACCELERATION     WITH 
FACE  PLATE  RHEOSTAT 

This  is  a  controller  having  both  armature,  series  and  shunt 
resistors  for  the  minimum  speed,  together  with  field  control 
for  giving  the  various  operating  speeds.  This  control  is 
usually  applied  to  smaller  motors  or  where  the  speed  reduction 
is  medium.  A  photograph  of  this  controller  is  shown  in  Fig. 
4.  The  series  resistor  is  short-circuited  in  steps  by  the  motor 
operated  handle  designated  as  B  on  the  diagram.  At  the 
start,  B  is  at  the  extreme  left.  This  gives  so  much  resistance 
in  series  that  the  motor  might  not  be  able  to  overcome  the 
starting  friction.  To  obviate  this,  contactor  3  is  closed  on  the 
first  position,  and  is  automatically  opened  when  the  motor 
starts  to  rotate,  leaving  the  full  resistance  in  series.  Con- 
tactor 4  closes  when  3  opens,  giving  the  lowest  operating  speed, 

handle  for  operating  the  face  plate  by  hand,  when  occa- 
sion requires  it,  and  move  in  a  clockwise  direction  for  an 
increase  in  speed.  The  solenoid  operated  master  switch 
moves  downward  for  increasing  the  speed  of  the  ma- 
chine and  upward  for  decreasing  the  speed.  The  accel- 
eration of  the  main  motor  may  be  controlled  by  any  of 
the  usual  methods  of  automatic  acceleration.* 

Fig.  16  shows  a  typical  push  button  station  consist- 
ing of  five  buttons  marked  safe,  run,  fast,  slow,  and 
INCH.  Several  of  tliese  stations  may  be  used  for  one  con- 
troller. If  we  assume  that  this  push  button  station  is 
connected  to  one  of  the  motor-operated  panels  control- 
ling a  main  and  auxiliary  motor  supplied  with  direct- 
current  power,  the  operation  of  the  system  will  be  as 
follows : — 

The  push  button  marked  run  at  all  the  stations 
must  first  be  depressed,  as  the  control  is  inoperative  if 
any  of  the  buttons  marked  safe  are  depressed.  After 


seeing  that  all  of  the  run  buttons  are  depressed,  the  ma- 
chine may  be  started  by  pressing  tlie  fast  button.  As 
long  as  this  button  is  held  down  the  controller  gradually 


FIG.    13 — DOUBLE  TWO   MOTOR,  UIRECT-CLKRIC.N'T   CONTROLLER 

Arranged  to  operate  as  a  single  unit. 

increases  the  speed  of  the  machine.  After  the  de- 
sired speed  is  reached,  the  button  is  released.  This 
stops  the  pilot  motor  or  solenoid  and  permits  the  ma- 
chine to  operate  at  that  particular  speed.  If  this  speed 
should  prove  too  fast,  the  button  marked  slow  is  de- 
pressed, which  causes  the  speed  of  the  machine  to  de- 


•"Describcd  in  the  Journal  for  March,  1917. 


FIGS.    14   and    15 — TWO    motor,    FULL    AUTOMATIC   CONTROLLERS 

Fig.  14  is  for  direct  current  and  Fig.  15  for  alternating 
current.  Both  are  for  remote  control  from  push  button 
stations. 

crease.  In  starting  up,  the  fast  and  slow  buttons  may 
be  manipulated  until  the  desired  "make  ready"  speed  of 
the  machine  is  obtained.     After  the  machine  has  been 
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made  ready,  tlie  fast  button  is  again  depressed  and  the 
motor  accelerated  to  the  desired  operating  speed.  Auto- 
matic means  may  be  provided  for  stopping  the  pilot 
motor  when  the  desired  speed  is  reached,  or  this  may  be 
left  to  the  discretion  of  the  operator. 

If  it  is  desirable  to  move  the 
machine  only  a  short  distance  in 
order  to  "spot"  a  particular  part  of 
the  apparatus,  the  button  marked 
INCH  may  be  depressed.  This  moves 
the  machine  at  a  very  slow  speed 
and  stops  it  as  soon  as  the  button  is 
released.  This  method  of  operation 
is  more  expeditious  than  using  the 
FAST  and  SLOW  buttons,  where  it  is 
desired  to  operate  the  machine  only 
momentarily. 

In  order  to  stop  the  machine, 
the  push  button  marked  safe  is  de- 
pressed. This  opens  the  main  cir- 
FiG.  16 — PUSH  BUTTON  cuit  to  the  motors  and,  where  di- 
coNTROL  STATION  ^ect-current  is  used,  it  applies  a 
dynamic  brake.  Where  alternating-current  power 
is  used,  it  releases  a  magnetic  brake.  These  brakes  are 
set  to  bring  the  machine  to  rest  as  quickly  as  safety  will 
permit,  in  order  to  reduce  the  effect  of  any  accident 
which  might  occur  while  operating.  The  quick  stop  is 
not  required  under  normal  conditions,  but  it  is  always  a 


convenience  to  bring  the  machine  to  rest  with  as  little 
delay  as  possible,  even  if  no  accident  should  occur. 
When  the  safe  button  is  depressed,  the  pilot  motor  is 
connected  so  as  to  move  the  master  switch  back  to  the 
starting  position. 

A  number  of  safety  features  are  employed  in  these 
controllers,  as  follows: — 

I — If  any  SAFE  button  is  pushed,  the  machine  cannot  be 
started  again  until  the  run  button  at  that  particular 
push  button  station  has  been  pushed.  Provision  can 
be  made  for  locking  the  safe  button  in  the  depressed 
position  so  as  to  prevent  the  machine  from  being 
started  while  an  attendant  is  working  on  the  interior 
of  the  machine. 
2 — When  the  safe  button  is  depressed,  the  machine  cannot 
be  started  up  again  until  the  master  switch  has  re- 
turned to  the  off  position. 
3 — A  current  limit  relay  can  be  provided  to  stop  the  ac- 
celeration temporarily  when  the  current  exceeds  a 
fixed  value.  This  provides  current  limit  acceleration 
and  guards  against  the  pilot  motor  operating  the  arm 
faster  than  the  main  motor  can  accelerate  the  machine. 
4 — An   overload    relay   is    provided    for   disconnecting   the 

motor  in  case  of  overload. 
5 — Low-voltage  protection  is  provided  so  that,  on   failure 
of  power,  the  machine  will  not  start  again  without  the 
action  of  an  attendant. 
6 — Mechanical   means   are   provided   for  disconnecting   the 
operating  lever   from   the   pilot   motor  and   moving   it 
by    hand,    if    such    an    emergency    should    arise.     This 
converts  the  controller  from  full  automatic  to  manual 
control. 
It  can  readily  be  seen  from  the  description  of  the 
automatic  controller  that  either  all  or  a  part  of  the  au- 
tomatic features  may  be  replaced  by  manual  control  to 
reduce  the  cost. 


Ttio  :n:s?>oiiti:\II^  of  Traii^foi'.ii\o,i'  5¥acilct)-;(V 


E.  G.  Reed 


THE  LOSSES  in  a  transformer  can  be  varied  by 
changing  the  voltage  impressed  on  its  primary 
winding,  the  load  current  at  the  same  time  being 
adjusted  so  that  the  k.  v.  a.  output  remains  constant. 
If  the  secondary  voltage  is  decreased,  the  induction  in 
the  magnetic  circuit,  with  the  impressed  voltage,  de- 
creases and  decreases  the  iron  loss.  When  the  voltage 
is  low,  the  current  is  large  and  consequently  the  copper 
loss  is  increased  and  when  the  voltage  is  high,  the  cur- 
rent and  copper  loss  are  low.  Practically  there  is  a  limit 
to  the  extent  to  which  the  voltage  may  be  increased  due 
to  saturation  of  the  magnetic  circuit,  and  a  limit  to  the 
increase  in  current  output  due  to  heating  of  the  wind- 
ings. 

relation    between   the   copper  and   IRON    LOSSES,   THE 
IMPRESSED  VOLTAGE   BEING  VARIED 

For  a  transformer  having  a  given  k.  v.  a.  output  at 
a  primary  voltage  E,  the  primary  load  current  /  corres- 
ponding to  this  voltage  may  be  expressed  thus, — 
k.  V.    a. 


.(/) 


ing  the  eddy  current  loss,  is  proportional  to  the  square  of 
the  current  in  its  windings,  its  value  Lc  will  then  be, 


/-c 


('') 


The  copper  loss  curve  in  Fig.  i  shows  in  graphical 
form  the  relation  expressed  in  equation  (2),  the  im- 
pressed voltage  and  copper  loss  being  given  in  terms  of 
their  norinal  value;  or  the  figures  for  which  the  trans- 
former was  designed.  Equation  (4),  Part  III*  shows 
that  at  a  given  frequency,  the  iron  loss  in  a  transformer 
is  proportional  to  E'  and  since  the  induction  B  in  the 
magnetic  circuit  is  proportional  to  the  voltage  £  im- 
pressed on  the  winding,  this  relation  may  be  written, — 
/.icc£-.v (?) 

The  iron  loss  curve  in  Fig.  i  shows  the  relation 
expressed  by  equation  (3),  the  impressed  voltage  and 
the  iron  loss  being  given  in  percent  of  their  normal  val- 
ues and  for  y  =  i". 

From  the  curves  in  Fig.  i  it  is  apparent  that,  as  the 
iron  loss  becomes  small,  the  copper  loss  increases  very 
rapidly,  and  when  in  turn  the  copper  loss  reaches  low 


Since  the  copper  loss  of  a  transformer,  not  count- 


*In  the  Journal  for  Sept.  '17,  p.  358. 
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values  the  iron  is  increasing  rapidly.  The  sum  of  the 
percentage  iron  and  copper  losses  is  also  shown  in  Fig. 
I  and  from  the  three  curves  it  may  be  seen  that  as  the 
percentage  iron  loss  increases  and  the  percentage  copper 
loss  decreases,  the  sum  also  decreases  until  a  minimum 
is  reached,  after  which  it  again  increases.  The  condi- 
tion for  tlie  sum  of  the  percentage  losses  to  be  a  mini- 
mum, has  no  relation  to  the  requirement  for  the  sum 
of  the  losses  in  watts  to  be  a  minimum.  The  voltage 
which  will  make  the  sum  of  the  losses  in  watts  a  mini- 
mum, depends  on  the  ratio  of  the  iron  and  copper  losses 
at  normal  voltage. 

The  relation  between  the  iron  and  copper  losses  is 
secured  by  combining  equations  2  and  j,  which  gives, — 

/,c    Z.i=   Constant {4) 

A  further  discussion  of  this  relation  is  given  under 
"total  equivalent  loss." 

RELATION   BETWEEN   THE   COPPER  AND  IRON   LOSSES,   THE 
TURNS  IN  THE  WINDINGS  BEING  VARIED 

Instead  of  changing  the  losses  of  a  transformer  by 
impressing  a  variable  voltage  on  its  primary  winding 
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FIG.    I — VARIATION  OF  IRON   AND  COPPER  LOSSES   OF  A  TRANSFORMER 

Output  being  constant  and  the  impressed  voltage  variable. 

and  keeping  its  output  constant,  the  same  result  may  be 
accomplished  with  a  constant  impressed  voltage,  by 
varying  the  number  of  turns  in  its  windings,  keeping 
the  volume  of  the  copper  constant.  It  is  assumed  that 
the  frequency  at  which  the  transformer  is  operating  is 
constant  in  both  cases.  The  relation  between  the  num- 
ber of  turns  T  in  the  coil  which  excites  the  magnetic 
circuit  and  the  flux  density  B  in  lines  per  square  centi- 
meter, is  given  by  the  following  equation,  which  may  be 
characterized  as  the  fundamental  equation  of  the  trans- 
former,— 

„     3-5  y.  !o^         E 

Where  A^  =  the  area   of   the  magnetic   circuit  at   right 
angles  to  the  flux,  expressed  in  square  inches. 

/  =  frequency  of  the  current,  E  =  voltage  impressed  on 
the  winding. 

This  relation  is  based  on  the  law  that  the  mduced 
voltage  in  each  turn  of  a  coil  is  equal  to  the  rate  of 
change  of  the  magnetic  flux  through  its  opening.  Equa- 
tion (5)  indicates  that  an  increase  in  the  number  of 
turns  T  will  decrease  the  induction  B  in  the  magnetic 
circuit  and  consequently  the  iron  loss.  Decreasing  T  on 
the  other  hand,  will  increase  the  iron  loss,  the  impressed 


voltage  being  constant.  With  a  constant  total  volume  of 
winding,  an  increase  in  the  number  of  turns  of  the  con- 
ductor necessitates  a  reduction  of  its  sectional  area  and 
an  increase  of  its  length.  If  the  number  of  turns  is  de- 
creased, a  shorter  length  of  conductor  having  a  greater 
section  results.  As  the  resistance  of  a  conductor  in- 
creases as  its  length  becomes  greater  and  its  cross-sec- 
tion less,  the  copper  loss  increases  with  the  number  of 
turns  in  the  winding ;  and  conversely  a  reduction  in  the 
number  of  turns  decreases  the  copper  loss. 

Ignoring  the  eddy  current  copper  loss,  the  I^R  loss 
is  proportional  to  the  equivalent  resistance  R,  since  tlie 
current  output  /  remains  constant.     That  is, — 
/ 

'/ 
Where  /  =  length  of  the  conductor  in  the  winding,  q  z=  its 
sectional  area. 

As  the  number  of  turns  in  the  winding  varies,  it 
is  assumed  that  the  space  factor  of  the  coil  is  constant, 
the  space  factor  being  defined  as  the  percentage  of  the 
total  sectional  area  available  for  the  winding,  actually 
occupied  by  conductors ;  or  in  other  words  as  the  sec- 
tional area  of  the  conductors  multiplied  by  the  total 
number  of  turns  and  divided  by  the  opening  in  the  mag- 
netic circuit  at  right  angles  to  the  conductors.  As  the 
number  of  turns  in  the  winding  increases,  the  insulation 
on  the  conductors  becomes  a  somewhat  greater  percent- 
age of  the  total  available  winding  section  and  thus  the 
space  factor  is  not  constant  as  the  number  of  turns 
varies.  The  change  in  the  space  factor  is  not  great  for 
a  limited  variation  in  the  number  of  turns  and  may  be 
considered  constant  without  introducing  considerable 
error. 

Since  the  space  factor  remains  approximately  con- 
stant, the  total  volume  of  the  copper  does  not  change 
and  the  sectional  area  of  the  conductor  necessarily 
varies  inversely  as  its  length.  Therefore  the  above 
equation  may  be  written, — 

/ 

/,£  cc   A'  oc     — —    oc  /- 

T 
Since  the  mean  turn  of  the  winding  does  not  change, 
the  number  of  turns  T  is  proportional  to  the  length  /  of 
the  conductor  or, — 

Since  T  is  inversely  proportional  to  B  from  equa- 
tion (5),  this  may  be  written, — 


.(6) 


This  is  the  same  relation  as  expressed  by  equation 
(2),  since  E  in  that  expression  is  proportional  to  B, 
when  B  is  changed  by  varying  E  the  impressed  voltage. 
As  the  iron  loss  is  a  function  only  of  the  induction,  the 
iron  and  copper  losses  must  have  the  same  relation  to 
each  other  in  both  cases. 

It  may  therefore  be  stated  as  a  general  proposition, 
that  the  relation  of  the  losses  is  the  same  when  they  are 
varied  by  changing  the  impressed  voltage,  keeping  the 
output  constant,  as  when  they  are  varied  by  changing 
the  number  of  turns  keeping  tlie  impressed  voltage  and 
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the  volume  of  the  copper  constant.  Of  course  the  fre- 
quency of  the  supply  current  is  assumed  to  be  constant 
in  both  cases. 

EQUIVALENT  TOTAL  LOSS 

The  general  relation  shown  in  equation  (4)  is  very 
interesting  and  is  one  from  which  further  useful  con- 
clusions may  be  drawn.  When  y  equals  2  equation  (4) 
becomes, — 

Ze  L\  =  Conslaut (7) 

Which  may  be  interpreted  as  follows: —  A  trans- 
former having  a  magnetic  circuit  and  winding  of  fixed 
dimensions,  with  a  constant  rating  at  a  definite  fre- 
quency, has  losses  such  that  the  product  of  the  copper 
and  iron  losses  is  a  constant  quantity,  the  change  in  the 
relative  values  of  the  iron  and  copper  losses  being  pro- 
duced by  varying  the  voltage  impressed  on  the  trans- 
former. When  the  output  remains  constant  this  results 
in  a  varying  current  in  the  winding  and  the  magnetic 
circuit  is  operated  at  different  inductions  and  the  copper 
at  various  current  densities.  It  has  been  shown  that 
the  variations  of  the  losses  follow  this  same  law  when 
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FIG.   2 — VARIATION    OF    PERCENTAGE    OF    NORMAL    IRON    AND 
COPPER    LOSSES 

For  a  given  transformer  when  the  iron  loss  is  varied  by 
changing  the  impressed  voltage.  The  output  of  the  trans- 
former is  constant 

the  number  of  turns  in  the  winding  is  changed,  keeping 

the  impressed  voltage  and  current  output  as  well  as  the 

volume  of  the  copper  constant. 

When  the  normal  iron  and  copper  losses  of  a  trans- 
former are  known,  and  some  condition  is  assumed 
which  gives  a  new  value  for  one  of  the  losses,  the  un- 
known iron  or  copper  loss  may  be  calculated  from  this 
relation.  This  relation  is  a  general  one  and  may  be 
plotted  as  shown  in  Fig.  2,  which  gives  the  percentage 
of  normal  iron  loss  resulting  from  various  values  of 
percentage  of  normal  copper  loss. 

Since  the  product  of  the  losses  for  a  given  trans- 
former is  constant  as  their  relative  value  changes,  this 
value  gives  a  true  basis  of  comparison  for  the  relative 
merits  of  two  transformers  as  far  as  their  iron  and 
copper  losses  are  concerned.  This  is  the  reason  for  the 
product  of  the  losses  being  designated  as  the  equivalent 
total  loss.  The  sum  of  the  iron  and  copper  losses  is  not 
a  fair  basis  of  comparison  because  the  sum  changes  as 
the  relative  value  of  the  losses  varies. 


RELATION    BETWEEN    THE    IRON    AND    COPPER    LOSSES    FOR 
THEIR  SUM  TO  BE  A  MINIMUM 

The  total  loss  L  is  equal  to  the  sum  of  the  iron  and 
copper  losses  or, — 

L  =  Li  +  U iS) 

The  relation  between  the  losses  as  their  value 
changes  has  bean  developed  and  is  given  in  equation 
(4)  as,— 

i     y 
Lc    L\  =  constant 

Substituting  the  value  of  Lc  from  this  expression 

in  equation  (8)  gives, — 

Constant 
L  =  Li+ 

/-i  '' 
Differentiating  this  expression  with  regard  to  Li, 
gives, — 

clL  2         Constant 

-jLT-'-^^ — e:^ 

Putting  this  equal  to  zero  and  substituting  the  value 
of  the  constant  from  equation  (8),  gives, — 
U 

-T^'T  W 

If  y  has  a  value  of  2,  the  sum  of  the  losses  will  be 
a  minimum  when  the  iron  loss  is  equal  to  the  copper 
loss.  This  is  a  general  relation  and  applies  to  trans- 
formers of  any  capacity,  voltage  or  frequency,  or  of  any 
type  of  design.  If  the  losses  bear  this  relation,  their 
sum  will  be  a  minimum ;  whether  the  relative  value  of 
the  losses  is  changed  by  varying  the  impressed  voltage, 
keeping  the  output  constant  or  by  changing  the  number 
of  turns  in  the  winding,  keeping  the  impressed  voltage, 
current  output  and  volume  of  the  copper  constant 

VARIATION   OF  THE   IRON    LOSS   WITH      CHANGE  OF 
FREQUENCY 

In  the  preceding  cases,  the  losses  were  varied  by 
changing  the  impressed  voltage  or  the  number  of  turns 
in  the  winding,  keeping  the  output  and  the  frequency 
constant.  Another  useful  relation  is  the  variation  of 
the  iron  loss,  keeping  the  voltage  and  output  constant 
but  varying  the  frequency  of  the  current  exciting  the 
transformer.  The  question  is  one  of  variable  iron  loss 
only,  as  the  copper  loss  is  not  affected  by  change  of 
frequency. 

From  equation  (4),  Part  III,  it  is  apparent  that 
the  iron  loss  of  a  transformer  may  be  expressed,  as  fol- 
lows,— 

Li  ^f^  By  {ro) 

Combining  equations  (4)  and  ( 10)  gives, — 

Since  E,  T  and  At  are  constant  for  a  given  trans- 
former, this  may  be  written, — 

X-  V 

U     a:    f        ■ 

If  .V  be  taken  as  1.2  and  y  as  2,  this  equation  be- 
comes,— 


/-i   cc/ 


{") 
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The  curve  in  Fig.  3  shows  the  approximate  varia- 
tion of  the  iron  loss  of  a  transformer,  with  tlie  fre- 
quency at  which  it  operates,  as  given  by  equation  (n). 

CAPACITY  RELATION 

An  expression  for  the  k.v.a.  output  of  a  trans- 
former may  be  developed  as  follows : —  Since  the  space 
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FIG.   3 VARIATION   OF  THE   IRON    LOSS    WITH    FREQUENCY 

factor  .Sc  of  a  transformer  winding  is  the  ratio  of  the 
total  net  area  of  copper  in  the  winding  section  to  the 
gross  area  of  the  winding  section  A^, — 


5c  = 


Qr  Tn  +  Qi  n 


Where,  Qa  and  Ql  =  the  sectional  areas  of  the  high  volt- 
age and  lovv'  voltage  conductors  respectively. 

Ts  and  Tl  =  the  numbers  of  turns  in  these  windings. 

If  the  current  density  is  the  same  in  both  wind- 


mgs,- 


2  Oh  Tn        2  O,.  71 


Equation  (5)  may  be  put  into  the  form, — 


(/-') 


Substituting  in  this  expression  the  value  Ti.  from 
equation  12,  gives, — 


■■U  A^ 


■5y~_[^^±Q}j^ 


X 


B  6c 


.  (/?) 


For  a  given  current  density  in  the  conductors  of 
'the  winding, — 

'  1000  P 

h  Q.  =  -^-— 

Where,  P  z=  k.v.a.  output  of  the  transformer. 

Substituting  this   value   of    Q<-   in   equation    (13) 

gives, — 

£  h  A;  A^  S^f 


P  = 


7XIO-' 


■  (//) 


This  relation  shows  that  the  output  of  a  trans- 
former is  directly  proportional  to  the  densities  at  which 
the  iron  and  copper  are  working,  the  space  factor  of 
the  winding  section  and  the  areas  of  the  magnetic  and 
winding  sections.  The  limit  to  which  the  densities  may 
be  increased  is  set  for  the  magnetic  circuit  by  the  point 
of  saturation  of  the  iron  and  in  the  copper  by  considera- 
tions of  heating.  The  greater  these  working  densities, 
the  greater  are  the  iron  and  copper  losses;  which  in 
certain  cases  may  set  a  limit  for  the  densities  below 
that  of  saturation  or  overheating.    When  these  densities 


become  fixed  a  further  increase  in  the  rating  of  the 
transformer  can  only  be  secured  by  an  increase  in  the 
space  factor  of  the  winding  section,  or  an  increase  in 
the  area  of  the  winding  or  magnetic  circuit  sections. 
The  limit  to  the  increase  in  the  space  factor  of  the  wind- 
ing section  is  set  by  the  necessity  of  providing  suffi- 
cient space  for  the  insulation  and  oil  ducts. 

Example: — If   a   transformer  has  the   following  constants 
what  will  be  its  output  rating  at  60  cycles? 
B   ^  12000 
5'c  =  0.4 
I A  =  1550 
Ai  —  45 
/4c  =  70 

From  equation  (14) 

/2000  X  /S'io  X  ^s  X  7"  X  "-4  X  60 

=  200  k.  V.  a. 


P  = 


7  X  io> 


RELATION  BETWEEN  OUTPUT  AND   FREQUENCY 

Equation  (14)  indicates  that  with  all  factors  con- 
stant except  the  frequency,  the  output  is  directly  pro- 
portional to  the  frequency.  For  example,  the  output 
of  a  60  cycle  transformer  on  25  cycles  would  be  25/60 
or  42  percent  of  its  output  at  60  cycles.  Under  this 
condition  of  fixed  magnetic  induction,  as  the  frequency 
is  reduced  the  iron  loss  becomes  less  and  as  the  fre- 
quency is  increased  the  iron  loss  becomes  greater. 

For  the  condition  of  fixed  iron  loss,  the  watts  lost 
per  pound  of  iron  must  be  constant,  since  the  iron  loss 
is  equal  to  the  number  of  pounds  of  iron  in  the  trans- 
former times  the  loss  per  pound.  By  substituting  in 
equation  (14),  the  value  of  B  from  equation  (4),  part 
III,  and  the  value  of  h  from  equation  (6),  part  II, — 

P  cc   ///;'  u\  A;  Ao  5„/. . . '. (/j) 

With  all  factors  in  equation  (15)  constant  except 
the  frequency,  a  value  of  y^^2,  gives. 

/'cc/ (/6) 

From  this  relation,  the  output  of  a  60  cycle  trans- 
former on  25  cycles,  for  example,  is  approximately  65 
percent  of  its  output  at  60  cycles,  the  iron  loss  being 
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FIG.   4— VARIATION    OF    OUTPUT    AND    FREQUENCY 

Output  calculated  at  60  cycles  with  the  iron  loss  constant. 

the  same  in  both  cases.  The  curve  in  Fig.  4  gives  the 
output  of  a  transformer  at  various  frequencies  in  terms 
of  its  output  at  60  cycles,  with  the  iron  loss  constant  al 
all  frequencies. 
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A,     Aj      Bi      Bj 
FIG.    So — TWO-PHASE,    SERIES    GROUPING 


FIG.    83 — TWO-PHASE,    FOCRTEEN-PARALLEL    GROUPING 


Aj      B,      B2 
FIG.   81 — TWO-PHASE,    TWO-PARALLEL    GROUPING 


ABC 

FIG.   84— THREE-PHASE,    SERIES,    STAR   GROUPING 
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FIG.   82 — TWO-PHASE,    SEVEN-PARALLEL    GROUPING 


A       6 
FIG.   85 THREE-PHASE,    TWO-PARALLEL,    STAR    GROUPING 
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ABC 
FIG.    86 — THREE-PHASE,    SEVEN-PARALLEL,    STAR    GROUPING 


ABC 
FIG.   89 — THREE-PHASE,   TWO-PARALLEL,    HELTA   GROUPING 


FIG.   87 — THREE-PHASE,    FOURTEEN-PARALLEL,   STAR   GROUnXG  FIG.    CO — THREE-PHASE,    SEVEN-PARALLEL,    DELTA    GROUPING 


ABC 
FIG.   88 — THREE-PHASE,    SERIES,    DELTA    GROUPING  FIG.    9I — THREE-PHASE,    FOURTEEN-PARALLEL,    DELTA    GROUPING 

The  above  diagrams  represent  all  usual  connections    for    a    fourteen-pole    lap    winding. 
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The    purpose    of    this    section    is    to    present        The    co-operati 

accepted   practical  methods  used  by  operating        operatina:  and  : 

companies    throughout    the    country.  is  invited. 


n  of  all  those  interested  in 
laintaining  railway  equipment 
Address  R.  O.   D.  Editor. 


Lubrication  of  Railv^ay  Motor  Bearings 


To  insure  a  cool  running  bearing,  it  is  important  that  a 
■steady  supply  of  lubricant  be  constantly  fed  into  it.  The 
source  of  supply  must  be  a  part  of  the  motor,  of  sufficient 
capacity  to  last  between  inspection  periods  and  so  protected 
as  to  keep  the  supply  free  from  dirt  and  grit. 

Six  general  methods  of  lubrication  have  been  used; — 

1 — Grease — Heavy  grease  stored  in  a  box  or  cup  over  the  hear- 
ing, that  melts  and  runs  on  the  journal  as  heat  is  developed  by  the 
friction  of  the  hearings. 

2 — Grease  and  Oil — Same  as  1,  with  the  addition  of  an  oil  well 
located  under  the  bearing,  from  which  oil  is  fed  up  to  the  bearing 
by  means  of  a  felt  wick. 

3 — OH  and  Rings — Oil  well  located  directly  under  the  bearings, 
in   which    a    small    brass    ring   runs    suspended    on    the   journals,    and 
carries  the  oil  to  the  bearings. 

4 — Oil  and  Waste — Oil  well  below  and  to  one  side  of  bearing, 
packed  with  saturated  waste  which  presses  against  the  journal 
through  a  window. 

5^ Vaseline    Packed — The    entire    bearing    packed    in    vaseline. 
Used  mostly  in  the  case  of  anti-friction   (ball  and  roller)   bearings. 
6 — Circulating  Oil — Where  the  oil  is  forced  through  the  bearing 
by   means   of   a   small   pump. 

7 — Special  Adaptations — Small  oil  cups  placed  in  the  grease  box, 
from   which   wicks   are  suspended   down   to   the  top   of   the  journal. 
Joggle  Type — Where   a    grease   cup   is   used    as   an   oil   well    and   a 
metal  ball  or  pin  is  placed  at  the  opening  to  the  journal. 

As  4  is  the  method  of  lubrication  used  in  the  modern  rail- 
way motors,  it  is  treated  more  in  detail. 


'<Q/^ 


FIG.    I — SECTION  THRO 


r,  HOUSING 


OIL    AND    WASTE   LUBRICATION 

Lubricant — Use  a  good  grade  of  mineral  oil,  light  oil  in 
winter  and  heavy  oil  for  summer  use.  Very  good  results 
have  been  obtained  by  special  brands  of  prepared  lubricants, 
which  are  highly  recommended  by  some  operators. 

Waste^FoT  best  results  use  a  long  fiber  wool  waste.  Be- 
fore using,  it  should  be  saturated  in  oil  for  at  least  24  hours, 
and  left  on  a  screen  or  grating  to  drain  for  several  hours. 

Oil  Wells  should  be  of  ample  capacity  to  hold  sufficient 
oil  to  last  between  inspection  periods,  should  have  an  accessible 
opening  for  inspection  and  refilling  and  be  provided  with  a 
tight  fitting  lid,  held  in  place  by  a  strong  spring  or  bolts  to 
keep  out  vvater,  dirt  and  grit.  Provision  should  be  made  for 
proper  drainage  of  the  spent  oil  and  means  provided  to  gauge 
depth  of  oil  at  regular  inspection  periods. 

PACKING   BEARINGS 

Before  the  bearings  are  packed,  all  water,  dirt,  and  small 
particles  of  metal  should  be  removed  from  the  oil  well. 
Saturated  v^aste  should  be  loosely  packed  in  the  oil  chamber 
and  forced  into  place  by  a  pronged  rod  of  brass  or  some  other 
soft  metal,  so  that  it  will  not  injure  the  journal.  In  this 
manner  pack  the  waste  up  over  the  bearing  window,  forcing  it 
m  place,  so  that  its  springy  actibn  tends  to  hold  the  waste 
against  the  journal. 


INSECTION  AND  OILING  PERIODS 

Well  designed  bearings  of  this  type,  if  in  good  condition, 
properly  packed  with  a  long  fibre  wool  waste,  and  when  using 
a  good  grade  of  oil,  should  run  from  one  to  three  weeks 
between  oiling.  This  is  determined  largely  by  the  system  of 
inspection  of  the  other  equipment  on  the  cars,  which  makes  it 
advisable  for  each  operator  to  work  out  in  actual  service  the 
most  suitable  oiling  schedule  to  fit  the  operating  conditions 
of  his  equipment.  When  inspecting  bearings,  all  dirt  should 
be  carefully  wiped  from  the  oil  box  lid  before  it  is  opened, 
after  which  the  proper  measure  of  oil  should  be  poured  into 
the  oil  well  opening — not  on  top  of  the  waste. 

QUANTITY    OF   OIL 

One  to  two  gills  of  oil  per  bearing  is  required  at  each 
oiling  period.  This  varies  with  the  size  of  motor  and  the 
location  of  the  bearings,  i.  e.,  pinion  end,  commutator  end, 
armature  bearings  or  axle  bearings.  The  quantity  of  oil  also 
depends  largely  upon  the  length  of  time  between  oiling  periods 
and  the  service  conditions. 

HEIGHT    OF    OIL 

From  Figs.  I  and  2  it  can  be  seen  that  if  too  much  oil  is 
poured  into  the  oil  well,  the  level  will  rise  above  the  bearing 


LONG  fl 
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FIG.    2 — SECTION  THROUGH    AXLE  CAP 

window  and  the  oil  will  overflow  into  the  motor.  This  is 
likely  to  injure  the  insulation,  and  further  is  a  waste  of  oil. 
On  the  average  the  maximum  height' of  oil  in  armature  bear- 
ings for  a  50  horse-power  motor  should  be  about  3.5  inches, 
while  the  minimum  should  be  i  inch.  For  axle  bearings  the 
maximum  should  be  2.5  inches  and  the  minimum  %  inch. 
These  heights  can  be  checked  by  a  rod  placed  in  the  oil  well. 

REPACKING    BEARINGS 

It  is  considered  good  practice  to  repack  the  bearings  every 
three  months,  at  this  time  removing  all  the  waste,  discarding 
that  which  is  glazed  and  charred,  refilling  the  bearings  with 
good,  clean,  old  waste,  to  which  has  been  added  sufficient  new 
waste.  About  once  a  month  it  is  advisable  to  "tease  up"  the 
waste  in  the  bearings  to  make  it  more  effective. 

Precautions — • 

Use  long  fibre  wool  waste. 

Use  a  clean  oil. 

Use  waste  that  has  been  well  saturated. 

Keep  oil  and  waste  in  closed  cans. 

Pour  the  oil  in  oil  well. 

See  that  oil  box  lids  are  kept  closed. 

Do  not  flood  bearings  with  oil. 

Keep  waste  teased  up. 
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1525 — Transformer  Polarity  —  Please 
tell  me  if  there  are  standard  methods 
of  bringing  out  transformer  leads  so 
as  to  have  a  certain  definite  polarity. 
When  connections  are  as  shown  in 
Fig.  (a),  is  it  customary  to  have  the 
voltages  between  A  and  B  high-volt- 
age plus  low-voltage  or  is  it  high- 
voltage  minus  low-voltage? 

E.s.F.  (oHio) 
There  is  no  recognized  standard 
polarity  for  power  transformers.  Some 
manufacturers  bring  the  leads  out  so 
that  when  connected  according  to  Fig. 
(a),  the  voltage  between  A  and  B  is 
the  sum  of  the  high  and  low  voltages, 
while  other  makers  have  this  voltage 
the  difference  between  high  and  low 
voltages.  The  polarity  of  practically 
all    lighting    transformers    is    such    that 

HTfih  Voltage 


Low  Voltogc 

FIG.  1525   (a) 

when  connected  according  toFig.  (a), 
the  voltage  between  A  and  B  is  the  sum 
of  the  high-voltage  and  the  low-voltage. 
When  the  voltages  on  both  high  and 
low  sides  arc  comparatively  high,  there 
is  a  considerable  advantage,  from  the 
standpoint  of  insulation  strains,  in 
making  the  polarity  such  that  the  volt- 
age between  A  and  B  is  the  difference 
between  the  high  and  low  voltage.  The 
polarity  outside  of  the  transformer 
case  can  be  made  either  additive  or  sub- 
tractive,  irrespective  of  the  polarity  of 
the  windings,  by  crossing  the  leads 
properly  before  they  pass  through  the 
case.  J-FP. 

1526 — Hard  Solder — Please  give  a  for- 
mula for  a  hard  solder  capable  of 
holding  rotor  bars  to  rings  on  induc- 
tion motor  operating  with  occasional 
heavy  overloads.  p.w.  (tenn.) 

The  hard  solder  in  common  use  for 
this  purpose  is  50  parts  of  copper  and 
50  parts  of  zinc.  This  alloy  is  hard 
and  brittle  and,  for  this  reason,  may  be 
unsatisfactory,  unless  it  is  so  used  that 
a  considerable  amount  of  the  zinc  is 
volatilized  in  the  brazing  operation. 
This  is  usually  the  case  when  a  torch 
or  brazing  fire  is  used,  so  that  the  final 
alloy  will  probably  be  in  the  proportion 
of  about  55  to  60  parts  of  copper  and 
the  remainder  zinc.  Such  an  alloy  has 
considerable  strength  and  is  quite 
ductile.  In  using  the  50  part  copper 
SO  part  zinc  hard  solder,  it  is  customarj' 
to  apply  a  flux  of  borax.  JL.j. 

1527 — Transformer  Temperature  Rise 
— Is  there  an  empirical  formula  for 
calculating  the  mardraum  ultimate 
temperature  rise  that  a  transformer 
will  have  in  actual  service  at  normal 
load,    from    the   ultimate   temperature 


rise  values  in  the  iron  and  copper 
measured  respectively  and  separately 
in  the  testing  department  with  no-load 
and  short-circuit  tests?  c.s.  (italy) 
We  do  not  know  of  any  reliable 
method  of  determining  the  ultimate 
normal  load  temperature  rise  from  the 
separate  temperature  measurements  for 
iron  and  copper  losses.  A  normal  load 
temperature  run  can  be  made  on  one 
three-phase  transformer  by  connecting 
both  primarj'  and  secondary  windings 
in  delta,  then  magnetizing  from  three- 
phase  voltage  and  circulating  normal 
load  current  in  the  windings  by  connect- 
ing a  loading  transformer  in  one  corner 
of  one  of  the  deltas.  Normal  losses 
can  thus  be  produced  in  both  the  wind- 
ings and  the  core.  A  method  of  mak- 
ing a  heat  run  on  one  single-phase 
transformer  is  described  by  W.  M. 
McConahey  and  C.  Fortescue  in  Trans. 
A.I.E.E.,  Vol.  XXXII,  p.  513-  If  this 
method  is  carried  out  carefully,  very 
good  results  can  be  obtained.  The 
method  consists  in  loading  alternately 
with  copper  loss  (short-circuit)  and 
iron  loss  (open-circuit).  For  the  short- 
circuit  run,  the  load  should  be  increased 
to  such  a  value  that  it  will  give  a  loss 
equal  to  the  sum  of  the  normal  copper 
and  iron  losses  and  for  the  open-circuit 
load  the  voltage  should  be  of  such  a 
value  as  will  give  a  loss  equal  to  the 
sura  of  the  normal  losses.  The  period 
of  one  cycle  of  loading  should  be 
approximately  one-fourth  hour,  although 
longer  periods  can  be  used  in  many 
cases.  The  parts  of  the  load  period 
that  should  be  given  to  short-circiiit 
and  open-circuit  loading  should  be  in 
proportion  to  their  normal  values  re- 
spectivel)-.  For  example,  assume  that 
the  transformer  to  be  tested  has  a 
normal  iron  loss  of  40  percent  of  the 
total  and  a  copper  loss  of  60  percent  of 
the  total  and  that  15  minutes  is  decided 
upon  as  the  length  of  the  load  cycle. 
Then  the  short-circuit  test  should  be 
for  0.6  X  15  =  9  minutes  and  the  open- 
circuit  test  for  0.4  X  15  =  6  minutes. 
The  tests  should  be  continued  until  con- 
stant temperatures  are  reached,  then 
temperature  measurements  of  the 
copper  should  be  taken  at  the  beginning 
and  at  the  end  of  a  short-circuit  period. 
The  average  of  these  two  values  is  the 
correct  temperature.  J.F.P. 

1528  —  Over- Voltage  on  Induction 
Motor — (a)  Please  explain  the  effect 
of  operating  a  50  hp,  three-phase,  25 
cycle,  220  volt  induction  motor  at  ten 
percent  over-voltage  when  the  motor 
is  running  under  full  load  and  at 
rated  frequency,  (b)  Is  it  an  ad- 
vantage to  operate  at  ten  percent 
over-voltage  when  the  load  conditions 
are  severe?  c.s.t.   (n.  y.) 

(a)  This  is  answered  in  an  article  by 
Mr.  L.  W.  Smith  in  the  Journal  for 
March,  '17,  p.  105,  which  gives  curves 
and  data,     (b)   In  general,  if  is  an  ad- 


vantage to  operate  at  ten  percent  over- 
voltage,  where  such  a  condition  is  pos- 
sible, in  carrying  severe  overloads  of 
short  duration.  The  increased  iron 
loss  is  compensated  for  by  the  decreased 
copper  loss  in  both  the  stator  and  rotor, 
since  a  higher  voltage  increases  the  field 
strength  and  this  in  turn  reduces  the 
slip  and  thereby  the  rotor  copper  loss. 
Also  a  ten  percent  increase  in  voltage 
means  a  21  .percent  increase  in  maxi- 
mum torque,  which  is  desirable  to  off- 
set the  sudden  overload.  If  the  motor 
was  carefully  chosen  in  the  beginning 
with  these  overloads  in  view  and  liv- 
ing a  good  margin  in  torqUe,  it  should 
not  be  necessary  to  raise  the  voltage ; 
but  on  an  existing  installation  where 
the  motor  labors  hard  on  short  over- 
loads, an  increase  of  ten  percent  in  the 
voltage  will  usually  improve  the  condi- 
tions. A.M.D. 

1529 — Surface  Condenser  Perform- 
ance— The  manufacturers  guarantee 
of  a  25000  square-foot,  surface  con- 
denser gives  the  vacua  that  will  be 
obtained  at  two  specified  amounts  of 
steam  per  hour  at  different  tempera- 
tures of  injection  water  and  at  nor- 
mal load  with  70  degrees  water.  At 
the  lower  load  the  vacuum  is  the 
same  at  all  temperatures  between  33 
and  46  degrees.  The  heat  transfer 
calculated  from  the  data  given,  varies 
over  wide  values  at  both  specified 
loads.  The  three  vacua  given  at  70 
degrees  are  on  a  curve.  What 
assumptions  are  made  in  giving  such 
a  guarantee?  Wh>-  do  they  give  the 
same  vacuum  at  light  load  between 
33  and  46  degrees?  How  is  it  pos- 
sible to  estimate  what  the  guaranteed 
vacuum  would  be  at  some  other 
values  than  those  given  with  a  certain 
injection  water  temperature? 

P.M.J,    (n.y.) 

There  are  so  many  variables  entering 
into  the  calculation  of  surface  con- 
denser performance  that  no  set  rule 
can  be  laid  down  for  designing  con- 
densers. Condenser  builders  have  their 
own  ideas  and  probably  no  two  of  them 
are  the  same.  This  is  illustrated  by  the 
varj'ing  amounts  of  surface  and  cooling 
water  offered  by  different  bidders  on 
the  same  job.  Methods  and  assump- 
tions used  in  calculations  as  a  rule  are 
not  published,  as  each  builder  desires 
to  profit  by  his  own  experience.  The 
lack  of  improvement  in  guarantees 
where  the  temperature  of  injection 
water  is  below  46  degrees  is  probably 
due  to  the  limitations  of  the  air  pump, 
due  to  the  enormous  volumes  of  air  to 
be  handled  at  low  pressure.  Air  leak- 
age into  the  condenser  is  a  very  im- 
portant factor  in  high-vacuum  work. 
Guarantees  at  temperatures  of  cooling 
water  other  than  those  given  by  the 
builder  can  be  estimated  as  follows : — 
Saturated  steam  at  any  pressure  has  a 
definite    temperature.      Take    the    tern- 
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pcr;Uurc  of  the  steam  at  the  guaranteed 
vacuum  and  correct  it  by  an  ^  amount 
equal  to  the  difference  in  injection  tem- 
perature between  that  used  in  the 
guarantee  and  the  new  injection  tem- 
perature. This  gives  the  temperature 
corresponding  to  the  vacuum  sought. 
For  example,  assume  a  guarantee  of  70 
degrees  cooling  water  at  28  inches 
vacuum,  to  find  the  vacuum  with  75 
degrees  cooling  water.  The  tempera- 
ture of  steam  at  28  inches  vacuum  is 
appro.ximately  loi  degrees,— loi  degrees 
plus  5  degrees  is  106  degrees  tempera- 
ture of  the  steam,  which  corresponds 
to  a  27.7  inches  vacuum.  In  the  same 
manner  we  would  get  28..3  inches  of 
vacuum  w^ith  65  degrees  cooling  water. 
This  is  based  on  the  assumption  of  a 
constant  heat  transfer  and  of  course 
holds  only  in  cases  where  the  amount 
of  steam  condensed  and  quantity  of 
cooling  water  are  the  sarfie  as  used  in 
the  original  guarantee.  ii.v.D. 

i:;30 — Rewinding  Induction  Motor — I 
have  a  three-phase,  alternating-cur- 
rent motor  which  has  four  coils  per 
pole;  eight  poles  per  phase;  thi^rty- 
two  coils  per  phase;  twenty-four 
poles  per  motor;  ninety-six  coils  per 
motor.  Now  suppose  one  coil,  say  on 
the  middle  phase  burns  out  and 
grounds  to  the  frame,  and  also  an- 
other on  one  of  the  other  phases  does 
the  same,  which  causes  a  short-cir- 
cuit. Could  the  faulty  coil  in  each 
pole  on  each  opposite  phase,  be  cut 
out  and  run  with  just  three  coils  in 
the  two  faulty  poles?  Would  I  have 
to  disconnect  the  faulty  coil,  even  if 
it  was  the  first,  last  or  middle  coil  in 
the  pole,  and  connect  the  others  up 
again,  making  three  coils  per  pole  in- 
stead of  four?  Would  I  then  have  to 
cut  the  complete  coil  in  two  on  each 
end  and  tape  up  the  ends  with  half 
a  coil  in  each  slot  as  a  dummy  as 
shown  in  Fig.  (a)?  e.m.d.  (wash.) 
The  practice  of  cutting  out  coils  is 
followed  when  burnouts  occur,  and  is 
sometimes  followed  in  reconnecting  old 
machines  for  different  voltages  or  speed 
when  such  a  change  is  feasible.  When 
this  is   done  it  is  necessary  to  tape  up 


FIG.   1530(a) 

the  two  ends  of  the  coil,  as  no  current 
will  flow  in  the  coil  until  a  circuit  is 
made.  Of  course,  if  the  coil  has  burned 
out  so  that  a  closed  turn  has  been  made 
due  to  fusing  of  the  copper  this  should 
be  cut  open  at  one  point  and  the  ends 
taped  so  that  they  cannot  come  into 
contact  again.  This  holds  true  whether 
there  are  one  or  more  coils  in  the  same 
spot  cut  out.  In  cutting  out  the  coils 
it  should  be  borne  in  mind  that  there 
is  a  limit  to  the  number  that  can  be 
cut  out,  as  it  is  equivalent  to  raising 
the  voltage  of  the  motor  and  this  will 
cause  excessive  heating  and  poor  per- 
formance if  carried  too  far.  To  pre- 
vent unbalancing  it  is  best  also  to  cut 
out  the  same  number  of  coils  in  each 
phase,  distributed  around  the   frame  as 


uniformly  as  possible,  and  likevyise,  to 
prevent  circulating  currents  in  the 
machine  when  the  connection  is  parallel, 
cut  out  the  same  number  of  coils  in 
each  circuit.  b.is.r. 

1531 — Starting  Synchronous  Motor — 
We  have  a  200  hp,  three-phase,  4000 
volt,  600  r.p.m.  synchronous  motor 
direct  connected  by  a  flexible  coupling 

■  to  a  150  kw,  250  volt  direct-current 
generator.  What  is  the  proper  man- 
ner to  start  this  motor?  We  intend 
to  bring  the  set  up  to  speed  with  a 
20  hp  belted  induction  motor  and  then 
connect  the  4P00  volt  line  to  the 
stator  winding  of  the  synchronous 
motor  without  field  excitation,  then 
to  bring  up  the  direct-current  voltage 
of  the  exciter  with  the  motor  field 
switch  closed,  and  throw  the  belt  off 
the  induction  motor.  We  have  no 
voltmeter  nor  potential  transformers. 
F.G.F.    (OHio) 

The  method  of  starting  which  you 
suggest  should  give  no  serious  trouble. 
When  the  switch  is  closed  there  may 
be  some  disturbance  to  the  line  voltage 
which  could  be  prevented  by  first  syn- 
chronizing the  motor  with  the  line. 
To  do  this,  requires  the  use  of  a  volt- 
meter, a  synchroscope  or  synchronizing 
lamps,  and  potential  transformers. 
There  would  also  have  to  be  some 
means  of  adjusting  the  speed  of  the 
driving  motor.  Motor-generator  sets 
are  usually  self-started  by  applying  half 
voltage  to  the  stator  windings,  but  this 
of  course  involves  a  starting  trans- 
former with  a  half  voltage  tap.  In 
some  instances,  small  sets  are  self- 
started,  without  the  use  of  a  starting 
transformer,  full  line  voltage  being 
applied  when  the  machine  is  at  stand- 
still. While  this  is  an  expedient  which 
can  be  tolerated  in  some  cases,  it  is  not 
a  method  to  be  recommended  for 
general  use.  Q.G. 

1532 — Rotor  Voltage — (a)  Given  the 
locked  open  circuit  voltage  between 
rings  on  a  wound  type  rotor  how  is 
the  full-load  current  per,  ring  deter- 
mined? (b)How  is  the  resistance  re- 
quired in  a  starter  or  controller 
determined?  g.ps.    (minn.) 

(a) The  motor  current  per  phase  (in 
a  three-phase  winding)   = 

Hp  X  746 

1-73  X  volts  between  rings  X  X  X  I^ 
Where  A'  ^  (i  —  percent  slip)  and  Y 
=^  power-factor  of  the  rotor,  which  for 
all  practical  purposes  may  be  considered 
100  percent.  For  example,  if  a  10 
horse-power  motor  had  100  volts  be- 
tween rings  at  standstill  and  had  five 
percent  slip  at  full  load  when  running, 
the  full-load  current  per  ring  would  be 

'°  ^  ^-^'^^ =   45.S   amperes,   if 

1.73  X  100  X  0.95 

the  rotor  winding  was  three  phase, 
which  is  practically  always  the  case. 
The  expression  (l  —  percent  slip)  is 
introduced  since  the  secondary  input 
determines  the  current  with  a  given 
voltage    and    the    secondary    input    = 

O"'!'"' because  the  slip  is  a 

I  —  percent  slip 

direct  measure  of  the  secondary  copper 
loss  and  the  secondary  input  must  take 
care  of  the  mechanical  output  plus  the 
secondary  copper  loss.  This  neglects 
the  bearing  friction  and  windage,  which 
theoretically  should  be  added  to  the 
mechanical  output,  but  which  in  general 
is  too  small  to  introduce  an  error  of 
more  than  one  or  two  percent. 


(b)The  resistance  in  a  starter  or  con- 
troller depends  upon,— I — the  character- 
istics of  the  motor  and,  2 — the  service 
conditions  under  which  it  is  to  operate. 
The  latter  dictate  the  torque  required 
on  the  first  and  succeeding  notches  and 
also  the  current  carrying  capacity.  For 
a  three-phase  secondary,  the  resistance 
will  normally  be  divided  into  three 
equal  parts  or  phases  connected  in  star. 
The  value  of  this  resistance  in  ohms 
per  phase  is  obtained  from  the  follow- 
ing equation : — 

Resistance  per  phase  =: 

Volts  between  rings 
V3  X  full-load  current  per  phase  X^K 
where  K  equals  a  constant  depending 
on  the  torque  required  on  the  first 
point  of  the  controller.  Taking  for 
example  a  ten  horse-power  motor  with 
ICO  volts  between  rings  and  45.5  am- 
peres full-load  current,  full-load  torque 
being  desired  at  start, — 

100  , 

^  ^r — = —  =  1.27  ohms 

1    3     X  45-5  X   100 
For   anv   other   torque,   the   constant   A 
should   be   changed   in    proportion;    for 
example,*  at  50  percent  above   full  load 
torque,  K  =  1.50. 

A.M.D.    and  A.A.G. 

1533— Starting     Rotary     Converter  — 
Fig.     (a)     represents    the    connections 
of     a     rotary     converter     started     by 
throwing    switch    A     up.     When    the 
converter    is    at    synchronous    speed, 
switch  A    is   thrown   down,     (a)  Is   it 
necessary  to  have  switch  B  open  until 
switch    A    is    down?     Please    explain 
in    detail,     (b)  Suppose    switch    B    in- 
stead of  being  connected  to  the  lower 
studs  of  switch  A   as  shown,  is  con- 
nected to   middle   studs   of   switch  A. 
Will    it    then    be    necessary    to    have 
switch    B    open    when    starting    con- 
verter? i.J.s.   (n.y). 
It   will   be   necessary   to   leave   switch 
B  open  until  switch  A  is  down.     With 
switch  A  either  up  or  open,  two  phases 
of    the    secondary    of    the    transformer 
will  be  across  the  induction  motor  wind- 
ing    and     a     delta     connection     of     the 
rotars'  converter  in  series.     Then  across 
a   delta   connection   of    the    rotary   con- 
verter  and   the   induction   motor   wind- 
ing   in    series    w-ill    be    a    voltage    1.73 
times     the     diametral     voltage     of     the 
rotary     converter.      When     the     rotary 
converter  is  standing  still  and  no  e.m.f. 
is  generated  in  its  windings,  there  will 
be,    except    for   the   IR   drop   in    rotary- 
converter   armature,    double   voltage   on 
the      motor.       Therefore,      even      with 


Fi'-   I533(''») 

switch  A  open,  there  will  be  current 
through  the  windings  of  the  motor  and 
rotary  converter  which  may  be  in- 
jurious to  the  motor.  This  current 
may  be  enough  to  start  the  rotary  con- 
verter.    (b)If,    however,    switch    B    is 
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connected  to  the  middle  studs  of  switch 
A,  the  motor  will  alwaj'S  be  across  the 
delta  connection  of  the  rotary  con- 
verter, and  switch  B  may  be  closed. 
This  connection  would  be  especially  de- 
sirable for  starting  conditions.  With 
switch  B  closed,  both  the  motor  and 
rotary  converter  would  be  connected  to 
the  starting  voltage  when  switch  A  is 
thrown  up  and  both  would  be  connected 
to  the  running  voltage  when  switch  A 
is  thrown  down.  M.w.s. 

1534— Induction  Motor  Diagrams — I 
find  the  diagrams  of  induction  motor 
connections  very  interesting  and  in- 
structive and  have  use  for  them  daily, 
(a)  Do  these  same  star  diagrams 
apply  to  rotors  as  well?  (b)As  all 
rotors  have  three  rings  does  it  affect 
the  motor  in  any  way  to  use  only 
two,  or  if  the  rotor  be  placed  in  a 
two-phase  field?  (c)Some  stators 
have  six,  nine  and  twelve  leads  so 
they  can  be  connected  for  more  than 
one  speed  or  from  star  to  delta. 
How  are  pole-phase  groups  con- 
nected in  such  stators,  and  is  there  a 
simple  way  in  which  the/  can  be 
traced   for   correct   connections? 

A.M.  (pa.) 
(a) Yes,  rotors  can  be  connected  the 
same  way,  but  in  order  to  simplify  the 
cross  connections  they  are  usually 
made  of  the  wave-wound  type,  (b) 
Two  rings  cannot  be  used  as  this 
would  mean  a  single-phase  rotor 
which  would  not  run  above  half  speed. 
See  "Polyphase  Induction  Motor  with 
Single-phase  Secondary"  by  B.  G. 
Lamme  in  the  Journal  for '  Sept.  15, 
p.  394.  Four  rings  could  be  used  for 
the  usual  two-phase  winding  or  three 
rings  for  a  three-wire,  two-pha^c  but 
the   three-phase    three-ring   combination 


is  simpler,  cheaper  and  better.  (c)See 
"Reconnecting  Induction  Motors"  by 
A.  M.  Dudley,  in  the  Journal  for  Feb., 
'16  which  gives  two-speed  diagrams, 
and  also  explains  checking  diagrams 
for   proper   polarity. 

1535 — Re  1471 — Re  your  answer  to 
147 1  on  balancing  of  turbo-gener- 
ator rotors,  am  I  correct  in  assum- 
ing Fig.  (a)  is  an  explanation  of 
your  answ'er,  and  that  the  out  of 
balance  mass  lags  behind  the  mark, 
i.e.  the  point  of  the  shaft  which  is 
thrown  out.  H.K.  (eng.) 

Fig.  (a)  indicates  the  relative  posi- 
tions of  the  mark,  balance  weights  and 
heavy  mass  which  caused  the  rotor  to 
be  unbalanced.  It  will  be  noted  that 
the  mark  lags  behind  the  heavy  point 
approximately  50  degrees  in  turbine- 
driven  generators,  which  are  essen- 
tially high-speed  machines.  This  angle 
can   be   checked   at   the    factory.  Where 
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Fig.    1535(a) 

it  is  possible  to  rotate  the  field  in  both 
directions  mark  the  shaft,  each  time 
noting  the  position  of  the  mark  in 
each  direction.  Then  the  unbalanced 
point  will  be  midway  between  the  two 
marks.  The  angle  that  the  mark  lags 
behind  the  heavy  point  changes  some- 
what with  the  amount  of  unbalancing 
that   is   present   in   any    rotor.  The   posi- 


tion of  the  mark  lor  any  type  of  rotor 
depends  on  the  speed,  flexibility  of  the 
shaft    and   resistance    of    bearings. 

C.C.B. 

1536— Meter     Polarity— (a)     In     con- 
necting     a      direct-current      ammeter 
shunt     to     an     ammeter,     should     the 
bottom  screw  for  the  meter  leads  be 
the    one    connected    to    the     positive 
stud   of    the   meter?  If    the   above   is 
correct     does     it     hold     good     in     all 
cases,     (b)    In  a  current  transformer 
whose  instantaneous  polarity 
for  primary  and  secondary  is 
A  and  A'  (top  of  transform- 
er) and  assuming  the  incom- 
ing source  to  be  connected  at 
bottom  or  L ',  Fig.  (a) ,  would 
changing  C  to  A  change  the 
secondary  instantaneous  po- 
larity, or, />' to /.^.  J.T.B. 
'-                 (a)  Assuming    that    the 
fiG.  i53D(a)current   is    flowing    up,    the 
lower  screw  for  the  meter  load  should  be 
connecied  to  the  positive  stud  of  the  meter. 
This  holds  true  in  all  cases,  as  the  positive 
end  of  the  shunt  should  always  be  connect- 
ed to  the  positive  stud  of  the  meter.     If 
the    direction    of    current    is     reversed 
through   the   shunt   it  will   be  necessarj' 
to    reverse    the    ammeter    leads,    either 
at   the    shunt    or   meter,    assuming   that 
the    standard    single    reading    ammeter 
is    used,    that    is,    a    meter    having    the 
scale    marked    zero    to    full    scale,   (b) 
Yes.  'i  he    instantaneous    polarity    would 
be  changed   in   either  case.  The   instan- 
eous   polarity  of   a  current  transformer 
depends  upon  the  direction  of  winding; 
therefore   A    and   B    will   always   be   of 
the    same    instaneous    polarity,    likewise 
C   and    D,    regardless    of    any    external 
changes   in   connections. 

E.A.H.   and  L.V.H. 
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Because  a  carbon  lamp  offered 
resistance  and  was  convenient  to 
obtain,  it  was  used  in  great 
quantities  for  resistance  purpose. 

Resistance,  not  light,  was  the 
feature  of  the  lamp. 

Nevertheless  the  lamp  was 
manufactured  to  give  light  and 
not  to  offer  a  lasting  resistance. 

Therefore  a  demand  has  been 
created  for  the  famous 

Ward^Leonard  Resistance 

to  screw  into  a  socket  and   re- 
place lamps. 

WARD  LEONARD 
ELECTRIC  CO. 

MT.  VERNON,  N.  Y. 

Bad  <  Weslburg  Electric  Co.,  Chicago,  111. 


John  B.  Sebring.  Pittsburgh,  Pa. 


This  unit  has  been  designed 
with  Edison  Base  to  screw  into 
the  lamp  socket. 

The  purpose  of  the  design  of 
the  Ward-Leonard  unit  is  to  offer 
resistance — not  to  give  light. 

It  offers  ai  interchaneable 
unit  that  is  mechanically  strong. 

Resistance  wire  is  sealed  in 
with  vitreous  enamel,  thus  pre- 
venting oxidation. 

When  you  think  resistance 
don't  think  light— think 

WARD  LEONARD 
The 

Resistance    Specialists 

Win.  Miller  Tompkins.  Philadelphia,  Pa. 
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Conservation      Tlie  annual   coal  consumption  in   the 
in  the  Use  of      United    States    has    been    increased 
Coal  nearly  one  hundred  million  tons  in  the 

last  year.  Even  with  large  increases  in  mine  output, 
great  difficulty  is  to  be  expected  in  maintaining  a  pro- 
duction commensurate  with  this  demand.  Public  utility 
power  concerns  are  naturally  using  every  effort  to  im- 
prove their  operating  efficiencies  to  keep  down  their  coal 
consumption.  The  elimination  of  large  illuminated 
signs,  except  during  certain  hours,  is  being  used  as  one 
means  of  conserving  the  coal  supply,  and  doubtless 
other  means  will  be  found  by  which  marked  savings  can 
be  secured. 

Among  other  influences  at  work  in  this  field,  is  that 
of  the  committee  on  coal  conservation  of  the  Chamber 
of  Commerce  of  the  United  States.  In  a  recently  dis- 
tributed bulletin  they  call  attention  to  the  imperative  ne- 
cessity of  examining  closely  into  power  costs  and  the 
possibilities  in  the  way  of  increased  efficiencies.  Among 
others,  the  following  suggestions  are  made : — 

Reconsider  the  advantage  of  buying  power  from  a  special- 
ized plant  that  makes  nothing  else  and  can  aflford  the  invest- 
ment and  supervision  that  gets  a  maximum  value  out  of  each 
pound  of  coal. 

Find  the  nearest  source  of  coal  that  will  meet  the  require- 
ments. The  tax  on  the  transportation  system  will  thus  be  re- 
duced, so  far  as  haulage  by  rail  is  shortened.  Coal  is  mined 
in  twenty-six  states  and  these  states  extend  practically  across 
the  continent. 

Seek  to  increase  the  skill  and  proficiency  of  the  men  who 
handle  coal  and  put  the  fuel  using  equipment  into  as  perfect 
condition  as  possible. 

Obtain  e.xpert  advice.  This  is  no  time  for  radical  innova- 
tions but  for  utilizing  tried  experience.  Good  steam  engineers 
are  familiar  with  well  tried  ways  of  reducing  both  coal  con- 
sumption and  consumption  of  heat,  and  their  advice  should  be 
obtained  in  all  practical  cases. 

While    records  have  been  reported  in  power   plant 

operation  of  one  pound  of  coal  per  horse-power  hour, 

the  fact  remains  that  at  present  the  average  throughout 

the  country  is  three  to  four  pounds  per  horse-power 

hour,   so  that  there  are  still  great  possibilities.     And 

these  possibilities  should  all  be  investigated  as  a  means 

of  relieving  the  present  coal  demand. 


Checking         ^^^^   series  of  articles  on    "Induction 
Induction  Motor  Connections"  by  Mr.  A.   M. 

Motor  Dudley   has   produced   a   widespread 

Connections  request  through  The  Journal  Ques- 
tion Box  for  methods  of  testing  the  correctness  of  a 
wmding  after  it  has  been  connected.  Such  methods  are 
discussed  in  this  issue  by  Messrs.  A.  M.  Dudley  and  F. 
D.  Newbury.  Where  a  number  of  experienced  men  are 
working  together,  it  is  usually  satisfactory  to  have  the 
connections  checked  visually  by  a  second  winder.  How- 
ever, outside  the  plants  of  large  manufacturers,  the 
winder  who  makes  the  connections  usually  works  alone. 


Since  it  is  often  difficult  to  locate  errors  committed  by 
oneself,  it  is  necessary  to  have  recourse  to  tests  for  the 
purpose  of  classifying  the  possibilities  of  error  and 
eliminating  these  classes  one  at  a  time. 

Most  mistakes  can  be  detected  by  the  simple  tests 
described  by  Mr.  Dudley.  These  checks,  in  some  cases, 
are  inconclusive  and  if  they  have  been  carefully  per- 
formed, without  result,  a  more  refined  method  for  an- 
alyzing troubles  of  this  nature  and  correcting  them  is 
that  given  by  Mr.  Newbury.  While  the  method  may  be 
too  elaborate  for  everyday  use,  it  is  always  desirable  to 
know  an  accurate  and  exact  method  for  making  such 
an  analysis  when  all  other  efforts  to  locate  the  trouble 
have  proved  futile.  Mr.  Newbury's  article  is  especially 
valuable  in  that  any  of  the  routine  tests,  and  even  hunt- 
ing for  mistakes  by  inspection,  is  greatly  simplified  if  the 
winder  is  thoroughly  acquainted  with  the  exact  effect 
which  any  incorrect  connection  will  produce  upon  the 
operation  of  die  motor.  With  the  typical  wave  distor- 
tions produced  by  the  various  classes  of  errors  con- 
stantly visualized  in  the  mind,  the  tests  can  be  more  in- 
telligently applied. 


As  emphasized  by  Dr.  Charles  A. 
ow  Lauffer  in  this  issue,  any  large  supply 

o   age  q£    ej^gj-gy    should    be   handled    with 

azar  s  ^^^.^  •£  accidents  are  to  be  prevented. 

One  is  not  careless  with  a  stick  of  dynamite,  yet  one 
kilowatt-hour  represents  more  energy  than  a  pound  of 
dynamite  and  is  entitled  to  as  careful  consideration. 
Electrical  energy,  however,  has  been  so  safeguarded 
that  it  is  utilized  without  any  thought  of  danger  by 
people  who  are  entirely  uninformed  of  its  characteris- 
tics and  laws. 

A  large  share  of  the  credit  for  the  safety  widi 
which  electricity  is  now  used  is  due  to  the  National 
Board  of  Fire  Underwriters,  whose  National  Electrical 
Code  has  gradually  eliminated  the  fire  and  life  hazard 
from  dwellings,  offices,  and  factories.  The  Under- 
writers' rules  do  not,  of  course,  reduce  the  hazard  to 
electrical  workers  in  power  houses  or  on  overhead  lines. 
It  is  impossible  to  have  the  conductors  insulated  from 
contact  by  the  worker  who  is  making  repairs  or  ex- 
tensions, and  it  is  not  always  possible  to  disconnect  the 
lines.     Herein  is  the  great  hazard  of  low  voltages. 

The^  present  widespread  standardization  of  safety 
codes  is  bringing  with  it  many  factors  which  tend  to 
minimize  the  hazard  of  the  electrical  worker.  Never- 
theless he  must  always  rely  upon  his  own  watchfulness, 
and  correct  and  safe  habits  along  the  lines  indicated  by 
Dr.  Lauffer  form  his  best  safeguard. 


T):ovdoo:nu)j]t  of  Mc^cl'Om'v^i  Motors 


A.  Brunt 


GREAT  progress  has  been  made  in  the  development 
of  the  direct-current  motor  during  the  last  ten 
years,  partly  due  to  keen  competition  and  espec- 
ially to  the  introduction  of  the  commutating  pole,  which 
has  made  possible  the  replacement  of  the  old,  heavy, 
sparking  non-commutating-pole  motor  by  the  light,  well- 
ventilated,  sparkless  commutating-pole  motor. 


KF-nuiKEMENTS 

The  requirements  which  direct-current  mowrs 
should  meet  are : — 

I — Commutation  should  be  good  at  all  loads. 

2 — Heating  should   be  within   allowable  limits,   determined 

by  the  insulation  material  used. 
3 — Speed  characteristics  should  meet    the  requirements    of 

the  driven  machine. 
4 — High  efficiency. 
5 — Satisfactory  mechanical  and  insulation  strength. 

The  output  of  a  given  machine  was  limited  at  one 
time  by  the  first  two  items  in  the  order  given.  The  ex- 
planation of  this  fact  is  the  history  of  direct-current 
motor  development.  Further  progress  undoubtedly  will 
be  made  with  ventilation,  in  which  case  the  maximum 
output  of  a  given  machine  will  be  determined  by  one  of 
the  last  three  items. 

The  maximum  output  obtainable  from  the  non- 
commutating-pole  motor  was  determined  by  commuta- 
tion. In  cases  where,  from  the  standpoint  of  allowable 
heating,  the  rating  of  a  certain  motor  could  have  been 
increased,  the  commutation  would  not  permit  this.  The 
allowable  temperature  rise  generally  was  taken  as  40  de- 
grees C.  for  continuous  ratings. 

With  the  introduction  of  commutating  poles  the 
barrier  set  up  by  commutation  against  an  increase  in  rat- 
ing was  removed.  Not  only  was  it  possible  to  obtain  the 
same  output  with  less  material,  but  at  the  same  time  a 
greatly  improved  motor  was  produced.  The  better  com- 
mutation gave  increased  overload  capacity  and  elimi- 
nated sparking  at  all  loads  in  well-designed  motors,  with 
consequent  increased  life  of  commutators  and  brushes — ■ 
the  parts  of  non-commutating  pole  motors  that  required 
most  attention  and  renewing. 


HEATING  AND  VENTILATION 

With  the  commutation  limit  removed  as  an  obstruc- 
tion to  a  better  utilization  of  the  materials,  a  new 
obstacle  arose.  The  transformation  of  electrical  input 
into  mechanical  output  cannot  be  obtained  without  a 
certain  percentage  of  the  input  being  dissipated  in  the 
form  of  heat.  This  heat  causes  the  temperature  of  the 
motor  to  rise,  until  a  constant  temperature  is  reached 


when  the  loss  in  watts  equals  the  amount  of  heat  carried 
off  by  radiation  and  ventilation.  The  rating  of  a  certain 
motor,  therefore,  only  can  be  increased  if  the  incre.ised' 
amount  of  heating  due  to  the  higher  losses  can  be  car- 
ried off  by  improved  heat  dissipation.  An  improve- 
ment in  radiation  is  hardly  possible  since  its 
value  is  determined  by  the  total  surface  and  by  the 
difference  in  temperalui-e  between  the  motor  parts 
and  the  surrounding  air.  Ventilation,  however,  of- 
ferred  opportunities  for  improvement.  Efficient  ventila- 
tion can  be  obtained  in  several  ways.  The  fanning  action 
of  the  end  windings  may  be  employed  advantageously 
together  with  a  motor  construction  that  will  allow  free 
movement  of  the  air;  or  a  fan  mounted  at  the  rear  end 
of  the  araiature  may  be  employed  to  produce  an  air 
draught  through  the  motor.  The  first  construction  is 
called  the  naturally  ventilated  one  and  the  second  the 
directed  ventilated  construction.  Thus  through  improve- 
ment in  ventilation  a  larger  amount  of  heat  can  be  car- 
ried oflf,  making  possible  the  better  utilization  of  the 
motor  material. 


Recently,  efforts  to  obtain  maximum  output  and  sat- 
isfactory performance  with  a  minimum  of  material 
have  led  to  the  adoption  of  a  new  basis  of  rating  in  re- 
gard to  allowable  temperature  rise.  No  advantage  is  ob- 
tained by  designing  motors  so  that  the  temperature  is 
lower  dian  the  temperature  the  insulating  material  can 
stand  continuously  without  deterioration.  A  safe  con- 
tinuous temperature  for  cotton  insulation,  employed  in 
general  utility  motors,  has  been  determined*  as  105  de- 
grees C.  As  the  actual  temperature  cannot  be  measured, 
since  thermometers  can  be  applied  only  to  outside  sur- 
faces, and  allowing  a  15  degree  hot  spot  correction  on 
this  account,  the  maximtim  allowable  observable  temper- 
ature will  be  90  degrees  C.  On  the  basis  of  an  air  tem- 
perature of  40  degrees  C.  the  allowable  observable 
temperature  rise  will  be  50  degrees.* 

Whereas  in  the  past  it  has  been  general  practice  to 
rate  continuously  running  motors  on  the  basis  of  a  40 
degree  C.  rise,  due  to  the  preceding  considerations  the 
rating  based  on  a  50  degree  C.  temperature  rise  is  being 
used  more  and  more  for  motors  used  in  applications  of 
which  the  power  requirements  are  accurately  known  and 
which  are  not  subject  to  overloads  sustained  for  any 
length  of  time  (blowers,  compressors  etc.)  As  un- 
doubtedly accurate  knowledge  of  the  power  require- 
ments of  driven  machines  will  increase,  this  basis  of  rat- 
ing cannot  fail  to  be  adopted  more  generally. 


*Standardization  Rules  of  A.  I.  E.  E. 
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EFFICIENCY 

An  impression  might  be  gained  from  the  preceding 
that  the  progress  toward  a  better  utihzation  of  the  ma- 
terial has  been  obtained  at  a  sacrifice  in  efficiency.  The 
opposite  is  true.  When  the  non-commutating-pole  motor 


FIG.    I — FULL-LOAD    EFFICIENCY   CURVES 

Of  typical  commutating  and  non-commutating  "ole  motors. 

was  replaced  by  the  conimutating-pole  motor,  the  pos- 
sible decrease  in  air-gap  and  the  lower  flux  densities  in 
the  armature  teeth  and  core  materially  reduced  the  field 
and  iron  losses,  resulting  in  a  more  efficient  motor.  In 
Fig.  I,   curve   A    gives    full-load   efficiencies   of    some 
motors  belonging  to   a  line   of   non   commutating-pole 
motors  preceding  the  line  of  40  degree  C.  commutating- 
pole  motors,  the  efficiencies  of  which  are  represented  by 
curve  B.     In  both  cases  motors  of  average  speed  have 
been  taken.  In  addition  to  the  improvement  in  the  con- 
ventional efficiency  as  indicated  by  Fig.  i,  the  additional 
load  losses  caused  by  local  brush  currents  are  very  con- 
siderably smaller  in  commutating-pole  motors  than  in 
motors  without   commutating-poles.     These  additional 
losses  are  not  included  in  the  efficiency  curves.  The  ef- 
ficiencies of  motors  rated  on  a  50  degree  C.  basis  are 
approximately    equal    to   those   of   the   40    degrees    C. 
motors,  the  higher  losses  in  a  50  degree  motor  not  being 
so  much  higher  as  to  lower  the  efficiency,  taking  into  ac- 
count, of  covtrse,  the  increased  output.     Thus  a  better 
utilization    of  the  material  has  been  obtained  not   only 
without  sacrificing  any  desirable  characteristics  but  even 
with  a  gain  in  the  most  important  operating  character- 
istics, i.e.,  commutation  and  efficiency.  In  order  to  get 
an  idea  of  how  much  more  economically  the  material  is 
being  used  in  a  modern  motor,  curves  giving  the  motor 
weight  as  a  function  of  the  torque  both  for  an  up  to  date 
line  of  commutating-pole  motors  and  a  preceding  line  of 
non-commutating-pole  motors   are  shown  in  Fig.    2,  in 
which   curve  A    represents   the   old   and   curve   B   the 
modern  motor. 

MOTOR  WEIGHTS 

The  curves  given  in  Fig.  3  of  seven  different  makes 
of  direct-current  motors  manufactured  in  this  country, 
show  a  great  difference  in  weight  between  motors  of  the 
same  output  manufactured  in  different  factories.  Since, 
in  order  to  be  competitive,  the  different  manufacturers 
have  to  sell  motors  of  a  certain  output  at  the  market 
price,  the  purchaser  of  these  motors  naturally  will  ask 
whether  he  should  buy  the  light  or  the  heavy  motor? 
If  the  motors  are  designed  to  meet  the  same  tempera- 


ture guarantees  and  have  satisfactory  speed  character- 
istics and  equally  good  efficiencies,  what  then  are  the  ad- 
vantages of  the  one  over  the  other? 

Some  may  consider  that  they  will  get  more  for  their 
money  by  buying  the  heavy  motor.  A  careful  compari- 
son, however,  will  generally  show  that  this  is  not  so. 
If  the  heavy  motor  has  more  excess  capacity,  this  should 
also  show  itself  in  the  dimensions  of  tlie  shaft  and  bear- 
ings. It  is  well  known,  however,  that  the  shaft  and  bear- 
ing sizes  of  competitive  motors  of  the  same  rating  are 
veiy  nearly  alike.  As  an  example.  Fig.  4  shows  the  pul- 
ley end  bearing  diameters  for  two  competitive  lines  of 
commutating-pole  motors.  Since  the  shaft  diameter  in 
the  rear  bearing  is  veiy  nearly  the  same  for  the  two 
motors,  it  may  be  concluded  that  the  same  will  apply  to 
the  diameter  of  the  shaft  in  the  core. 

The  lighter  motor  necessarily  must  be  the  better 
ventilated  motor,  which  means  that  the  motor  is  so  con- 
structed that  the  cooling  air  comes  in  thorough  contact 
with  those  parts  inside  of  the  motor  in  which  the  heat  is 
generated.  Thus  it   follows  that  the  excess   of  actual 
temperature  inside  of  the  core  and  windings  over  the 
temperature  measured  by  applying  a  thermometer  to 
outside  surfaces  must  be  smaller  in  the  light  well-ventil- 
ated motor  than  in  the  heavy  motor.  That  this  is  so  can 
be  seen  by  comparing  the  temperature  rise  of  the  shunt 
coils,    meas- 
ured by  the  ther- 
mometer and  by 
r  e  s  is  tance,    of 
the    heavy     and 
light      motors 
represented    b  y 
curves  A  and  B, 
Fig.  2.      The 
shunt  coils  of 
the  non-commu- 
tating-pole    mo- 
tors   are    very 
bulky   and  show 
an  excess  of  the 
average  temper- 
ature      rise 
(measured     b  y 
resistance 
method)    over 
the  outside  tem- 
perature   (meas- 
ured   b  y    ther- 
mometer) of    19 
degrees    C.       This    excess 
for     the    light    shunt    field 
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FIG.    2 — VARIATION  IN  WEIGHT  OF  COMMUTAT- 
ING AND     NON-COMMUTATING-POLE    MOTORS 


;    only     12     degrees    C. 

coils  of  the  commu- 
tating-pole motor.  These  figures  represent  averages  of  a 
great  many  tests  on  different  machines.  The  difference 
between  the  maximum  prevailing  temperature  inside  of 
the  coils  and  the  measured  outside  temperature,  of 
course,  is  still  larger  and  still  more  favorable  to  the 
commutating-pole  motor.  The  results  of  this  comparison 
between  the  shunt  coils  of  a  non-commutating-pole  and 
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a  commutating-pole  motor,  of  course,  also  apply  to 
heavy  and  light  commutating-pole  motors,  since  the 
greater  total  weight  must  be  caused  by  heavier  compon- 
ent parts.  Since  the  excess  of  actual  inside  temperatures 
over  the  measui^ed  temperatures  is  smaller  in  the  well- 
ventilated,  light  motor,  this  decreases  the  possibility  of 


FIG.   3 — COMPARATIVE   WEIGHTS  OF  EQUIVALENT  FRAME  SIZES 

Of  seven  different  makes  of  direct-current  motors. 

inside  temperatures  dangerous  to  the  insulation.  In  this 
respect  the  light,  well-ventilated  motor  is  decidedly  to  be 
preferred  over  tlie  heavier  one.  The  light  motor  can  also 
be  handled  easier,  and  will  have  a  lower  freight  rate. 

That  great  weight  is  not  necessarily  the  equivalent 
of  superior  qualities  is  well  illustrated  by  the  curves  of 
Figs.  I  and  2.  The  efficiency  and  especially  the  commu- 
tation of  the  commutating-pole  motor  are  decidedly 
superior  to  the  same  qualities  of  the  very  much  heavier 
non-commutating-pole  motor. 

Although  for  general  purposes  the  light  motor  is  to 
be  preferred,  the  conclusion  should  not  be  drawn  that 
this  statement  applies  to  all  motors.  Motors  for  certain 
classes  of  steel  mill  service,  for  instance,  should  be  con- 
sidered differently,  as  the  frequent  and  tremendous 
over-loads  that  are  common  in  some  steel  mill  applica- 
tions make  rugged  construction  of  primary  and  per- 
formance of  secondary  importance.  For  this  class  of 
service  great  weight,  indicating  heavy  component  parts, 
is  considered  as  an  asset. 

Induction  motors,  also  should  be  considered  in  a 
somewhat  dififerent  light,  since  they  are  used  for  appli- 
cations of  a  different  nature  as  compared  with  direct- 


current  motor  applications.  Induction  motors  are  used 
where  a  constant  speed  is  required  without  speed  ad- 
justment. The  elimination  of  the  speed  adjustment  re- 
quirement leads  to  more  stress  being  put  on  other  char- 
acteristics, such  as  efficiency  and  power-factor.  While 
an  induction  motor  of  a  certain  horse-power  and  speed 
costs  considerably  less  than  a  corresponding  direct-cur- 
rent motor,  the  latter  are  bought  for  different  and  very 
definite  reasons  as,  for  instance,  required  speed  adjust- 
ment (machine  tools,  blowers,  printing  presses),  fre- 
quent starting  and  stopping,  (elevators,)  regeneration 
and  dynamic  braking  (elevators,  reversing  planer  mo- 
tors), variable  speed  (compound- wound  motors  for 
shears,  presses).  Thus  the  direct-current  motor  is  bought 
primarily  on  account  of  some  one  of  its  characteristic 
qualities,  whereas  induction  motors  are  bought  primarily 
for  efficiency.  The  weight,  therefore,  although  an  im- 
portant factor,  usually  is  considered  secondary  to  effi- 
ciency. It  should  not  be  assumed,  however,  that  the  effi- 
ciency of  direct-current  motors  has  been  neglected. 

ECONOMIC  FEATURES 

From  an  economic  standpoint  the  excess  weight  of 
a  heavy  motor  over  a  lighter  motor,  that  could  have 
been  built  to  give  the  same  satisfaction,  represents  a 
waste  of  materials.  The  magnitude  of  this  waste  can  be 
approximated  roughly  as  follows.  The  records  of  a 
prominent  manufacturing  concern  indicate  that  the 
average  size  of  direct-current  motor  sold  for  general 
utility  has  a  torque  of  65  foot-pounds.  This  size  of 
motor  can  be  bought  with  a  weight  varying  between  605 
and  1080  pounds  (Fig.  3.)  Assuming  the  average 
weight  of  motors  of  65  foot  pounds  tor<]ue  to  be  845 
pounds,  and  further  assuming  a  total  production  in  this 
country  of  30000   motors  per  year,*  the  waste  of   ma- 
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FIG.    4 — VARIATION   OF   PULLEY  END  BEARING  DIAMETER 

Of  two  typical  commutating-pole  motors. 

terial  by  using  the  average  motor  instead  of  the  lightest 
motor  will  be  (845 — 605)  X  30  000,  or  7  200  000  pounds 
per  year.  This  figure  is  appalling,  especially  under  pres- 
ent conditions,  when  it  is  so  important  to  economize  in 
the  use  of  copper  and  steel.  The  policy  of  economizing 
should  be  carried  through  into  details,  for  which  reason 
attention  is  called  to  the  possibilities  in  connection  with 
the  production  of  general  utility  direct-current  motors. 


*It  is  actually  a  great  many  more-- 
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C.  G.  Lewis 

Industrial  Engineering  Dept. 

Westinghouse  Electric  &  Mfg.  Company 


THE  function  of  commutating  poles  in  a  motor  is 
to  produce  a  flux  which  will  generate  a  voltage 
opposite  to  and  of  a  value  slightly  more  than  the 
reactance  voltage.  The  usefulness  of  commutating  poles 
depends  on  the  performance  of  this  function  not  only  at 
all  loads  within  the  working  range,  but  also  during  quick 
changes  of  load,  such  as  in  elevator  and  planer  work, 
where  quick  starting  and  dynamic  braking  or  plugging 
to  a  stop  is  essential.  In  many  applications  it  is  the 
latter  feature  which  is  difficult  of  accomplishment.  In 
mill  and  machine  tool  applications  also,  it  is  necessary 
that  the  motors  be  able  to  run  during  heavy  peak  loads 
without  too  much  flashing  at  the  brushes.  The  flashing 


therefore,  their  damping  effect  on  the  flux  is  also  much 
less.  The  thinner  the  laminations,  the  smaller  the  eddy 
currents  which  are  produced,  and  hence  the  smaller  the 
damping  action. 

For  ordinary  applications,  solid  steel  commutating 


FIG.    I — TOT.M.LY-F.NCLOS 


DIRECT-CURRENT 
MILL    MOTOR 


COM  M  UTATING-POLE 


Used  in  ore-handling  equipment,  car-dumping,  and  other 
steel  mill  applications.  The  small  diameter  of  the  armature 
causes  low  fly-wheel  effect  and  low-stored  energy.  The  two 
laminated  commutating  poles  are  especially  important  in  revers- 
ing, plugging,  and  dynamic  braking  of  average  steel-mill  ser- 
vice, in  that  they  minimize  the  heating  in  the  windings  and  im- 
prove commutation.  The  accelerating  and  retarding  torques  pro- 
ducing current  peaks,  are  noticeably  lower  and  of  shorter  dura- 
tion than  in  the  old  non-conimutating-pole  mill-type  motors. 
These  motors  have  broad  spreading  feet  which  together  with 
the  low  center  of  gravity  give  great  stability  in  service-  The 
double  shaft  extensions  are  provided  with  malleable  iron  shaft 
guards  and  completely  encase  the  shaft  extension  on  the  com- 
mutator end.  The  motor  frames  are  of  cast-iron,  horizontally 
split  in  two  halves.  Oil  ring  lubrication  is  used  for  all  bearings 
with  one  large  ring  for  each  bearing.  For  many  applications 
such  as  ore  bridges  and  ore  unloading  equipment  in  which  the 
motor  is  required  to  rotate  around  its  own  shaft  through  an 
angle  too  great  for  oil  ring  lubrication,  both  the  armature  and 
counter-shaft  bearings  can  be  modified  for  either  oil  or  grease 
lubrication. 

may  be  very  little  at  first  but,  in  cases  where  the  peak 
load  comes  on  often  or  at  regular  intervals,  the  spitting 
at  the  brushes  will  develop  into  flashing  and  continue  to 
grow  worse  until  the  motor  may  flash  over,  and  the 
commutator  and  brushes  may  be  blackened  and  burned. 
When  the  magnetic  flux  changes  rapidly  in  any  solid 
iron  or  steel  structure,  eddy  currents  are  set  up  which 
tend  to  damp  the  flux;  or  in  other  words,  the  effect  of 
these  currents  is  to  make  the  flux  lag  behind  the 
magnetomotive  force  which  produces  it.  If  the  iron 
structure  is  laminated,  the  volume  of  eddy  currents  pro- 
duced by  the  rapid  change  in  flux  is  much  less  and. 


FIG.    2 — MILL    MOTOR   EQL'TPPED    WITH    SOLENOID   BRAKE 

Used  in  place  of  a  shaft  guard,  and  mounted  directly  on  the 
motor  shafting. 

poles  are  satisfactoiy  where  there  are  no  sudden  load 
changes,  or  if  there  are,  they  are  infrequent.  The  arma- 
ture core  of  all  motors  is  laminated  to  keep  down  the 
eddy  current  losses,  while  the  commutating  poles  are 
generally  made  of  solid  steel.  On  sudden  increase  of 
load,  the  various  fluxes  which  produce  the  reactance 
voltage  build  up  very  nearly  in  phase  with  the  current, 
while  the  commutating  pole  flux,  which  should  at  all 


FIG.    3 — OPEN-TYPE   COM MUTATING-POLE    MILL    MOTOR 

This  motor  has  four  laminated  commutating  poles  per  mo- 
tor. The  commutating  coils  are  shorter  a.xially  than  the  arma- 
ture core  and  each  coil  has  fewer  turns  than  in  the  t\vo-coil 
construction  shown  in  Fig.  i.  The  continuous  r.m.s.  rating  in 
the  open-type  motor  is  approximately  forty  percent  higher  than 
in  the  enclosed  type 

times  be  of  a  value  to  produce  the  correct  voltage  in  the 
opposite  direction  to  the  reactance  voltage,  lags  behind 
the  current.  This  is  because  of  the  damping  action  of 
the  eddy  currents  referred  to  above.  The  result  is  tliat 
the  motor  is  under-compensated  for  a  short  time  during 
the  sudden  increase  in  load  and,  therefore,  sparking  is 
liable  to  occur.  With   a   sudden   decrease   in  load  the 
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motor  would  be  over-compensated,  so  that  in  this  case 
also  there  would  be  a  liability  to  flashing. 

On  the  other  hand,  if  laminated  commutating  poles 
are  used,  so  that  their  flux  changes  practically  as  quickly 
as  the  armature  fluxes  which  produce  the  reactance  volt- 
age, the  correct  commutating  flux  will  be  maintained 
very  nearly,  as  long  as  saturation  of  the  commutating 
pole  does  not  enter  into  the  problem.  This  means  that 
the   motor  will  be  able  to  stand  much  greater    current 


FIG.   4 — TEST  CONNECTIONS 

peaks  with  laminated  commutating  poles  than  with  solid 
poles. 

Tests  were  made  on  some  mill  motors  to  demon- 
strate this  point.  Two  series  wound  mill  motors  were 
direct  connected  mechanically,  and  electrically  connected 
as  shown  in  Fig.  4.  By  the  use  of  triple-pole,  double- 
throw  switches,  either  machine  could  be  operated  as  a 
motor,  with  the  other  as  a  generator  for  load.  Double- 
pole,  double-throw  switches  were  arranged  as  shown,  so 
that  either  machine  could  be  plugged  across  an  adjust- 
able resistance.  By  adjusting  this  resistance  the  value 
of  the  peak  current  during  reversal  could  be  adjusted 
to  any  value  desired.  One  of  the  motors  had  laminated 
commutating  poles,  while  the  other  had  solid  poles,  and 
hence  a  direct  comparison  of  the  allowable  current  dur- 
ing reversals  could  be  obtained.  The  allowable  current 
was  taken  as  that  current  which  would  cause  only  a 
slight  spit  at  the  brush. 

The  cun'e.  Fig.  5,  shows  how  much  larger  current 
peaks  the  motor  with  the  laminated  commutating  poles 
can  take;  the  increase  shown  in  this  curve  is  approxi- 
mately 50  percent.  The  rating  of  this  motor  was  10 
horse-power,  230  volts,  730  r.p.m.  On  larger  motors  the 
difference  would  be  much  more  marked,  while  on 
smaller  machines  the  dift'erence  would  be  less.  The  rea- 
son for  this  is  that  small  motors  in  general  do  not  re- 
quii-e  commutating  poles  to  the  same  extent  that  larger 
machines  do,  and  hence  they  have  a  much  greater  mar- 
gin as  far  as  commutation  is  concerned,  on  account  of 
the  relatively  higher  inductance  of  the  windings  of 
smaller  motors.  Therefore,  when  the  commutating  pole 
flux  lags  behind  the  current,  there  is  not  so  much  danger 
of  injurious  sparking. 

One  of  the  applications  where  laminated  commu- 
tating poles  are  needed  is  on  reversing  planer  motors. 


Motors  for  this  service  are  of  the  adjustable  speed  type, 
with  a  ratio  of  about  4:1.  Speeds  generally  used  are 
250  to  1000  r.p.m.;  250  to  500  for  the  cutting  speed, 
and  from  500  to  1000  for  the  quick  return.  The  motor 
is  accelerated  up  to  the  cutting  speed  as  quickly  as  pos- 
sible and  at  the  end  of  the  cut,  full  field  is  thrown  on, 
the  armature  is  short-circuited  through  a  resistance, 
and  brought  to  a  stop  by  dynamic  braking.  This  is  re- 
peated in  the  opposite  direction  of  rotation,  except  that 
(he  motor  is  accelerated  up  to  1000  r.p.m.  When  the 
full  field  is  thrown  on  the  motor,  and  the  armature  is 
short-circuited  through  the  resistance,  is  the  moment 
when  the  current  peak  is  observed;  the  higher  the  cur- 
rent peak,  the  quicker  may  the  motor  be  stopped.  It  is 
veiy  important  to  have  quick  stops  in  this  application 
for  rapid  production.  In  the  case  of  some  motors  driv- 
ing tools  for  cutting  large  herringbone  gears,  it  is  abso- 
lutely essential  that  the  tool  be  stopped  in  a  fraction  of 
an  inch.  Therefore,  in  this  application  it  is  a  decided 
advantage  to  have  a  motor  with  laminated  commutating 
poles,  since  much  higher  current  peaks  can  be  taken  and 
much  quicker  stops  can  be  obtained. 

Motors  applied  to  elevators  have  practically  the 
same  cycle  to  go  through,  although  the  running  periods 
are  longer  and  the  service  is  less  severe  in  regard  to 
quick  stopping.  In  geared  elevator  applications  where 
rather  high-speed,  adjustable-speed  motors  are  used, 
laminated  commutating  poles  have  a  decided  advantage, 
although  it  is  not  necessary  to  u.se  laminated  commu- 
tating poles  on  such  small  sizes  as  for  planer  service, 
since  the  motors  used  for  this  service  do  not  have  much 
more  tlian  2  :  i  speed  adjustment. 
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FIG.  S— MAXIMUM   PERMISSIBLE  Cl-RRENT  ON  KEVERS.AL  OK  PLUGGING 

In  mill  and  crane  service  the  use  of  laminated  com- 
mutating poles  very  greatly  increases  the  length  of  life 
of  commutator  and  brushes,  and  also  permits  the  saving 
of  considerable  time  in  application  where  time  is  a 
valuable  factor.  This  kind  of  service  is  very  heavy,  and 
any  improvement  which  lengthens  the  life  of  the  ma- 
chine is  valuable. 


RDj)((Uk)a  Bocvyooii  l!>f(^vi!)ai'^ 

S.  G-  Leonard  and  Chas.  R.  Riker 

THE  FORCE  exerted  by  a  conductor  carrying  cur-             ,  ^k.v.a.  {3  phase)  x  1000  X  100     .^  g,,,  ^es  (2) 

rent  in  a  magnetic  field,  so  familiar  as  the  basis              '     '-^  f  ><  Z'^'""/  ">'t'eda>u-c      '   -       ^^ 
.        ,           ■         r    11        ^         ■         ^           11                         To  find  the  maximum  force  exerted  between  two 
for  the  action  of  all  motors,  is  not  usually  con-  .  . 

■J       11        .1      i-  ij  ■    .u  *         J       A  u     ^\  ,^„*  parallel  bus-bars  carrymg  alternating  current,  II  the  two 

sidered  when  the  field  is  that  produced  by  the  current  ^  ,  .       .     , 

•    ^         ■    .,  11  1         J     4.  ^^  1  ■       „    ^f  bus-bars  are  short-circuited, — 

in  two  similar  parallel  conductors,  as  the  repulsion  or  at- 
traction between  two  such  conductors  is  negligible  at  ,,  ,,,,,■,     '"-'^  ^  ^'"  ^  "^~'  ,  in  pounds  per  foot  length  o, 

customary  spacings,  except  with  very  large  currents.  ,, '  ousors  .... .    u; 

,,,.  ,     ,    '.  ,     .  ,  1-  Where,  d  =  distance  between  bus-bars  in  inches; 

With  the  increased  size  of  power  houses  now  common,  I,  =  short-circuit  current  in  r.m.s  amperes 

the  problem  is,  however,  becoming  of  importance  in  the  jj^-g  fo,.,nula  can  be  used  to  obtain  the  maximum  force 

layout  of  bus-bar  structures,  as  the  currents  which  may  between    two   bus-bars   of   a   three-phase   system     for 

flow   on     short-circuit    in    a    large    power   house    are  single-phase  short-circuits,  or  for  the  maximum   force 

enormous.     The  force  exerted  between  bus-bars  carry-  between  the  bus-bars  of  a  single-phase  system. 

ing  current  varies  directly  with  the  length  of  the  bus- 

,  VI,  ii,  r  iu  4.       J  •  1        vu  Expressing  (^)  m  terms  ot  three-phase  k. v. a., — 

bars,  with  the  square  of  the  current  and  inversely  with  ^  ^  ^•^■'  ,  . 

the  distance  between  bus-bars.  This  force  will  be  a  re-  p    (,nnr  ^  —  °-~^  ^/  '.f.aO    X  100 ^ 

v'/iu.t.y  —  d  y  JE.'  yC  (percent  Diipedancc) 

p-Lilsion  if  the  current  flows  in  opposite  directions  in  the  •  ,  c    .  1      .t,    1 1      1  r 4\ 

•^  _  '^'^  in  pounds  per  foot  length  of  bus-bars (4) 

'■""'''  ^  ■  To  find  the  maximum  force  exei'ted  on  one  bus-bar 

In  the  case   of  alternating  currents,    the  repulsion  of  a  three-phase  system  for  a  short-circuit  of  all  three 

between   bus-bars  fluctuates   from   zero   to   maximum,  bus-bars,  the  bus-bars  being  arranged  in  a  plane, — 
The  maximum  instantaneous  value  of  the  force  should  _   g.oS  Ir  X  lo--'   in  pounds  per  foot  length  of 

be  considered,  however,  as  the  bus  structure  must  be  de-  •  '  '""■'•  d  bus-bars (5) 

signed  to    take  care  of  the  maximum  repulsive    forces  Where  A  =  Three  bus-bar  short-circuit  current  in  amperes. 

which  are  liable  to  occur  under  the  worst  possible  con-  p   ,„„,-  —    °'7  X  {k.v.a.)    X  100 

^ifJQj^g  '  "*''■'•-   d  XE-  X  (ferccnt  tmfedaiicr)- 

in  pound  per  foot  length  of  bus-bars (6) 

In  the  case  of  an  unsymmctrical  short-circuit,  the  This  is  the  same  as  formula  (4) 

maximum  initial  value  of  current  may  reach  in  the  one  The   average   force  exerted  between  two  parallel 

phase,   more   than   75 .  percent   above   the   symmetrical  bus-bars   carrying  alternating  current   equals   one-half 

maximum.  In  the  present  analysis,  however,  no  atten-  the  maximum. 

tion  has  been  given  to  unsymmetrical  short-circuits,  as  t-hj.i  r  .j  uu 

.    .     .  ,■     ,  ,  ,.'      ,  ^,  ,  1  o  find  the  maximum  force  exerted  on  one  bus-bar 

It  is  impracticable  to  predict  the  exact  effect  of  an  un-        .      ,,  ,  '  .  u     ^    ■       ■<.     t    u  <.u 

^  .     ,    ,  ■       ■   ^     -r    ■  .  .  Ot  a  three-phase  system  for  a  short-circuit  of  all  three 

symmetrical  short-circuit.*     It  is  assumed  that  the  in-  ,       ,  ,,      ,       /  ,     ^  ^,  ^.  . 

J   ,  ,       ^     ^,  .     ,  ,  ,  bus-bars,  the  bus-bars  arranged  at  the  vertices  of  an 

creased  force  due  to  the  unsymmetrical  over  that  of  a  .,  ... 

..,,..       -^     ■„  .  ,         ,       ,     ,  ,  equilateral  triangle, — 

symmetrical  short-circuit  will  be  somewhat  absorbed  by 

the  initial  inertia  of  the  bus-bar  and  bus-bar  support;  /;•    max.=  ^'^'*  ^'^  ^  '°~  '°  pounds  per  foot  length  of 

and  that  in  designing  busses  and  their  supports,  a  suffi-  ■>,„        r      n,      '.      1  "s-  ars. (,7) 

^  i  t-""-^'  °^  ■='""'  Where  A  =  three  bus-bar  sbort-circuit  current  in  amperes. 

cient  factor  of  safety  will  be  allowed  to  provide  for  such  f  a  max.  =  f^  max.  X  m5S  (8) 

conditions.  „  ....  .    ,  ,         , 

Expressing  (7)  m  terms  ot  three-phase  k.v.a., 

To  find  the  symmetrical  current  (r.m.s.)  resulting  0.312  x  (k.v.a.y  X  100= 

from  a  short-circuit  on  two  bus-bars  of  a  three-phase  ^  i"a.i.=  ^  -^  ^  {percent  impedance)'-   ^^' 

system •'^, —  To  find  the  symmetrical  current  (r.m.s.)  resulting 

.       k.v.a.  (3  phase)  X  1000  X  100    .  from  a  short-circuit  on  a  single-phase  system, — 

'■  -        2  £  X  percent  impedance      '  '"  ^"^P^"-^^   ( O  /..-..g.  (single-phase)  X  1000  X  100  . 

Where,  k.v.a-  =  total  capacity  of  rotating  machinery  which  '  ^  £  X  {percent  impedance)  '"  amperes  ..(lo) 

can  feed  into  the  short-circuit  through  the  bus-bars ;  E  =  line  ,„      ^     ,     ,  .  ^  , 

voltage ;  percent  impedance  =  total  inherent  impedance  in  the  ^  O   ""^   the  maximum    force  exerted  between   the 

generators,    transformers,    conductors,    current    limiting    react-  two  bus-bars  of  a  single-phase  SVStem,  if  the  two  bus- 

ance  and  other  apparatus  between  the  generators  and  the  point  ,  ,  .        .      ,      .         '  ^      .      ,        , 

of  short-circuit.  bars    are    short     Circuited,    in    terms     of    single-phase 

To  find  the  symmetrical  current  (r.m.s.)  resulting        '  '  ''  „       ,,  .     ,      ,       ,, 

r  ^  .,  ,         "         ,  .        .  '  ^  „  1.08  X  (k.v.a-  single-phase)-  X  loo"        ^     ^ 

from  a  three  bus-bar  short-circuit, —  Fj  max.  —     .  .,  %  ,. ,        ', h^ ...(") 

'  d  X  E.    (percent  impedance)-  ^     ' 

*For  a  discussion  of  unsymmetrical  short-circuits  in  gener-  **For  derivations  of  these  formuL-e.  see  the  handbooks  and 

ator^,  see  article  on  "Generator  Short-Circuit  Current  Waves"  text  books  on  this  subject;  also  paper  by  I.  W.  Gross  in  Proc. 

by  F.  D.  Newbury,  m  the  Journal  for  April  1914,  p.  196.  A   I.  E-  E  Vol   XXXIV,  p   21. 
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All  of  these  equations  include  a  term  for  percent 
impedance.  Usually  the  calculation  of  percent  imped- 
ance is  quite  complicated,  especially  where  there  are  im- 
pedances in  parallel.  In  .«uch  calculations  the  resistance 
is  usually  negligible  as  compr.red  with  the  reactance. 
Moreover,  the  values  of  reactance  and  hence  of  impe- 
dance are  not  known  exactly  and  hence  are  usually  only 
approximately  accurate.  It  is  therefore  practically  al- 
ways safe  to  neglect  entirely  the  resistance  component 
of  the  impedance  and  make  all  the  calculations  on  the 


Thousand  Amperes  Normal  Fuii  Lead 


already  given.  It  enables  either  the  maximum  instan- 
taneous or  the  average  value  of  repulsion  or  attraction 
between  parallel  conductors  to  be  determined  for  any 
current,  or  for  a  short-circuit  on  a  plant  where  the  total 
impedance  (or  reactance)  is  known. 

The  method  of  using  the  chart  is  practically  self- 
evident.  If  the  short-circuit  current  is  known  or  as- 
sumed, the  pounds  repulsion  per  foot  of  bus  can  be  read 
directly  from  the  curves  representing  the  spacing  be- 
tween bus-bar  centers,  using  the  current  values  at  the 

Average  Pounds  Repulsion  per  Foot  of  Bus— A.  C.  or  D.  C. 

7.5   10    15   20  25  30  -10  SO    75  100   ISO  200   300  ^W  SOO    E 


Thousand  Amperes  Normal  Full  Load 

basis  of  percent  reactance,  which  gready  simplifies  the 
calculations.  The  results  so  obtained  will  be  more  ac- 
curate mathematically  in  almost  all  cases  than  the  as- 
sumptions upon  which  the  calculations  are  based. 

Where  repeated  calculations  of  this  kind  are  neces- 
sary, it  is  convenient  to  have  the  equations  expressed  in 
the  form  of  a  chart,  as  such  a  chart  shows  at  a  glance 
the  efifect  of  changing  any  of  the  variables,  which  could 
only  be  obtained  otherwise  by  repeated  calculations. 
Such  a  chart  is  given  in  Fig.  i,  based  on  the  equations 


left  for  a  three-phase  short-circuit  or  for  a  short-circuit 
between  the  conductors  of  a  single-phase  or  direct-cur- 
rent circuit ;  and  using  the  current  values  at  the  right  for 
a  single-phase  short-circuit  on  a  three-phase  system. 

For  example  to  determine  the  force  produced  by  a 
complete  short-circuit  of  40  000  amperes  on  bus-bars 
separated  eighteen  inches  between  centers, — starting 
with  the  value  of  40  000  amperes  short-circuit  at  the  ex- 
treme left  of  the  chart,  follow  this  line  until  it  intersects 
the  diagonal  representing  eighteen  inches;  thence  read- 
ing vertically  downward  a  value  of  seventy  pounds 
maximum  instantaneous  per  foot  of  bus-bar  is  obtained. 

If  the  plant  capacity  and  percent  impedance  are 
known  or  assumed,  start  with  the  value  for. plant  ca- 
pacity and  follow  the  horizontal  line  corresponding  to 
the  capacity  of  the  plant  to  the  right  or  left,  depending 
on  whether  three-phase,  single-phase,  or  direct  current, 
to  the  intersection  with  the  diagonal  line  representing 
voltage.  This  intersection  represents  normal  full-load 
current.  Then  follow  the  vertical  line,  interpolating  if 
necessary,  to  the  intersection  of  the  diagonal  line  repre- 
senting percent  impedance.  This  intersection  represents 
short-circuit  current,  the  values  being  taken  from  the 
figures  at  the  left  for  a  total  short-circuit,  or  from  those 
at  the  extreme  right  for  a  two-bus  short-circuit  on  a 
three-phase  system.  From  this  intersection  follow  the 
horizontal  lines  to  the  right,  to  the  intersection  with  the 
diagonal  lines  representing  spacing  between  conductors. 
This  intersection  represents  the  repulsion  per  foot  of 
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bus,  the  maximum  values  being  given  at  the  bottom  and 
the  average  values  at  the  top  of  the  chart. 

For  example,  to  find  the  repulsion  on  bus-bars  sepa- 
rated ten  inches,  in  the  case  of  a  short  circuit  on  a 
40000  k.v.a.  three-phase  plant  at  11  500  volts  with  a 
total  percent  reactance  in  die  generators,  bus-bars,  cur- 
rent limiting  reactors  and  transformers  of  eight  per- 
cent. In  such  a  case,  as  shown  by  equations,  the  re- 
pulsion is  the  same  whether  the  short-circuit  is  on  three 
phases  or  is  on  only  one  phase  (two  bus-bars).  Starting 
at  the  left  of  the  chart  at  the  value  for  40000  k.v.a., 
read  to  the  right  to  the  intersection  with  the  diagonal 
line  representing  11  500  volts.  Then  read  vertically  up- 
ward to  the  intersection  of  the  vertical  line  representing 
2000  amperes  normal  full-load  with  the  diagonal  line 
representing  eight  percent  impedance.  It  is  assumed 
that  eight  percent  reactance  is  practically  equivalent  to 
eight  percent  impedance.  From  this  intersection  follow 
the  horizontal  line  to  the  right  to  the  intersection  with 
tlie  diagonal  line  representing  ten  inch  bus-bar  spacing. 
This  intersection  corresponds  to  fifty  pounds  maximum 
instantaneous  repulsion  per  foot  of  bus  or  twenty-five 
pounds  average  repulsion. 

One  great  value  of  the  chart  lies  in  its  reversibility, 
in  that  starting  with  the  maximum  safe  repulsion,  one 
can  work  back  from  the  desired  spacing  and  determine 
tlie  maximum  safe  current ;  or  with  the  current  known 
and  the  maximum  safe  repulsion  known,  the  limiting 
spacing  can  be  determined  by  inspection. 

For  convenience,  a  line  representing  100  percent  im- 
pedance has  been  included,  which  will  give  the  repulsion 
between  conductors  at  normal  full-load  current.  It  is 
obvious  that  only  in  large  low-voltage  stations  can  the 
repulsion  on  normal  current  become  serious  and,  even  in 
such  a  plant,  this  value  is  more  interesting  than  useful, 
as  any  bus-bar  structure  that  will  withstand  short-cir- 
cuit conditions  will  have  an  ample  margin  on  normal 
load. 

It  is  believed  that  the  chart  covers  a  sufficient  range 
to  include  all  practical  cases.  With  a  plant  smaller  than 
2000  k.v.a.,  except  at  extremely  low  voltages,  it  is  safe 
to  assume  that  no  difficulty  will  be  met  on  account  of 
repulsion  between  conductors.  With  a  larger  plant  than 
included  on  the  chart,  and  even  with  many  of  those  in- 
cluded, the  repulsions  become  prohibitive.  This  means 
that  with  plants  of  such  sizes,  all  the  generating  units 
cannot  safely  be  operated  in  parallel  on  the  same  bus- 
bars, without  current  limiting  reactors  between  sections 
of  the  bus ;  so  that  however  large  the  plant  may  become, 
the  k.v.a.  capacity  which  can  be  operated  in  parallel  on 
the  same  bus-bars  will  always  be  within  the  limits  of  the 
chart. 

For  convenience,  standard  voltages  have  been 
represented  by  lines  on  the  chart,  so  that  interpolating 


is  reduced  to  a  minimum.  The  voltage  to  be  used  is,  of 
course,  the  generated  voltage  rather  than  the  nominal 
or  receiver  voltage. 

All  of  the  formulae  given,  and  the  chart  in  Fig.  1, 
are  for  round  conductors  only.  They  are,  however,  suf- 
ficiently correct  for  practical  purposes  with  rectangular 
conductors,  where  the  separation  between  straps  s. 
Fig.  2,  is  greater  than  the  width  b.  This  covers 
nearly  all  commercial  conditions,  as  a  spacing  to  this  ex- 
tent is  required  to  limit  the  safe  arcing  distance  in  high- 
voltage  plants,  and  in  low  voltage  plants  of  an)^  consid- 
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FIG.    2 — CORRECTION    F.\CTORS    FOR    REPULSION    BETWEEN    STRAP   CON- 
DUCTORS 

F  =  repulsion  between  two  equal  long  parallel  straps;  F'  = 
repulsion  between  two  long  parallel  straight  wires,  as  given  in 
equation  (3). 

erable  capacity  at  least  this  spacing  is  required  to  limit 
the  repulsion  between  conductors.  Where  it  is  desired, 
however,  to  arrange  the  conductors  closer  together 
than  the  width  of  the  strap,  a  correction  factor  can  be 
obtained  from  Fig.  2.* 

From  Fig.  2,  where  the  bus-bars  are  arranged  side 
by  side,  as  is  the  usual  arrangement,  the  correction  fac- 
tor is  seen  to  be  less  than  unity,  so  that  any  error  made 
by  the  assumptions  on  which  the  fonnula  and  chart  are 
based  would  be  on  the  safe  side ;  that  is,  where  an  error 
is  made  the  forces  indicated  by  the  chart  will  be  higher 
than  the  true  values,  so  that  the  use  of  the  chart  gives 
conservative  values. 


♦Reproduced  by  permission  from  an  article  by  H  B.  Dwight 
on  "Repulsion  between  Strap  Conductors"  in  the  Electrical 
World  for  Sept.  15,  1917. 


Sooo>l  t^iim-actonstlcs  of  J^mnll  T).  C. 


B.  H.  Chatto 

Small  Motor  Engineering  Dept. 

Westinghouse  Electric  &  Mfg.  Company 


Motors 


ALTHOUGH  the  characteristics  of  shunt,  series 
and  compound-wound  direct-current  motors  are 
generally  understood,  the  application  of  frac-' 
tional  horse-powers  requires  die  study  of  small 
motors  as  a  class  by  themselves.  Motors  up  to  one-half 
horse-power  are  usually  started  by  a  snap  switch  and 
larger  motors  are  often  started  or  reversed  without  any 
auxiliary  starting  devices.  Such  applications  involve 
problems  of  torque  and  current  with  reference  to  their 
effect  on  the  motor  itself  and  the  machine  to  which  it 
may  be  attached.  Almost  any  desired  condition  of  start- 
ing and  running  torque  can  be  obtained. 

The  Shunt  Motor  is  usually  classed  as  a  constant 
speed  motor,  its  speed-torque  curve  being  practically  a 
straight  line  dropping  slightly  from  no-load  to  about 
two  times  full-load  torque  as  shown  in  Fig.  i.  The  fac- 
tors which  determine  the  slope  of  the  speed-torque  curve 
are  armature  resistance  and  armature  reaction.  In  the 
case  of  the  fractional  horse-power  motor,  the  armature 
IR  drop  is  an  appreciable  percentage  of  the  armature 
voltage,  varying  almost  inversely  as  the  size  of  the 
motor.  Therefore,  the  slope  of  the  speed-torciue  curve  is 
a  function  of  the  size  of  the  motor. 

The  speed  torque  curves  of  three  shunt-wound 
motors,  one-twentieth,  one-half  and  one  horse-power, 
wound  for  the  same  full-load  speed,  shown  in  Fig.  i, 
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F!G.    1 — SPEED-TORQUH  CURVES  OF  THREE  I7OO  R.P.M.   SHUNT  MOTORS 

A — one-twentieth     horse-power      B — one-half     horsepower, 
C — one  horse-power. 

illustrate  to  what  extent  the  .speed  regulation  varies  with 
the  size  of  the  motor  in  normal  commercial  designs. 
The  concave  shape  of  curve  C  is  due  to  the  armature 
magnetomotive  force  weakening  the  resultant  field. 
When  the  armature  resistance  is  low  and  the  ratio  of 
armature  to  field  ampere-turns  is  high,  this  weakening 
of  the  field  is  very  marked,  so  that  in  extreme  cases  a 
higher  speed  is  obtained  at  full  load  than  at  no  load.  In 
applications  where  close  speed  regulation  is  more  im- 


portant than  high  starting  and  running  torques  this  fea- 
ture may  be  used  to  advantage.  The  speed-torque 
curves  of  three  one-half  horse-power  shunt  motors  built 
on  different  frame  sizes  and  wound  for  different  speeds 
are  shown  in  Fig.  2  and  illustrate  the  effect  of  armature 
resistance  on  speed  regulation,  showing  diat  a  greater 
drop  in  speed  with  increase  in  load  must  be  expected 
with  low-speed  motors. 
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FIG.   2 — EFFECT   OF  VARYING   THE   ARMATURE  RESISTANCE 

On  the  speed — torque  curves  of  three  one-half  liorse- 
power  shunt  motors.  A — 550  r.p.m.,  armature  resistance  IS 
ohms;  B — iioo  r.p.m.,  armature  resistance  10  ohms;  C — 2500 
r.p.m.,  armature  resistance  7  ohms. 

The  Series  Motor  is  used  in  applications  where  the 
starting  and  overload  conditions  are  severe  and  where 
the  motor  is  always  connected  to  a  load.  Such  applica- 
tions are  hoists,  trucks,  cars  and  pumps.  Fans,  though 
not  requiring  a  high  starting  torque  are  usually  driven 
by  series  motors,  because  the  load  is  always  connected 
to  the  motor,  and  because  the  speed  of  the  series  motor 
falls  off  rapidly  with  an  increase  of  torque,  thereby  pro- 
tecting itself  from  serious  overload  when  the  conditions 
in  the  ventilating  system  are  changed. 

The  Compound  Motor  may  be  wound  for  charac- 
teristics anywhere  between  those  of  the  shunt  and  series 
motor,  depending  "on  the  proportions  of  the  shunt  and 
series  ampere-turns.  In  cases  where  the  starting  and 
overload  conditions  demand  the  series  motor  character- 
istics, but  the  light  load  conditions  are  such  that  a  series 
motor  would  reach  a  dangerous  speed,  light  shunt  wind- 
ing, having  ten  to  fifteen  percent  of  the  total  full-load 
ampere-turns  may  be  provided,  simply  to  hold  the  no- 
load  speed  to  a  safe  value.  In  other  cases  where  the 
speed  regulation  is  important,  but  the  starting  and  over- 
load conditions  are  severe,  a  light  series  winding  will  be 
provided.  The  effect  of  varying  the  proportion  of  shunt 
and  series  ampere-turns  on  the  field  of  a  given  motor 
frame  with  the  same  armature  strength  is  shown  in 
Fig-  3- 
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In  applications  where  either  a  direct-current  motor 
or  an  induction  motor  is  furnished  according  to  the 
power  supply  available,  the  overload  characteristics  of 
the  two  motors  should  be  carefully  considered.  For  ex- 
ample, a  motor  applied  to  a  washing  machine  may  be  re- 
quired to  develop  two  to  three  times  full-load  torque  for 
short  periods  while  wringing  and  likewise  to  maintain  a 
speed  as  nearly  normal  as  possible.  The  induction  motor 
is  particularly  well  suited  to  such  a  condition  because  of 
its  flat  speed-torque  curve.  A  direct-current  motor  de- 
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FIG.   3 — EFFECT  OF  VARYING  THE  SHUNT  AND  SERIES  FIELD  AMPERE- 
TURNS 

Of  a  one  horse-power,  1500  r.p.m.  motor;  A — shunt,  B — 15 
percent  compounded,  C — 50  percent  compounded  and  D — series. 

signed  to  duplicate  the  speed-torque  curve  of  the  induc- 
tion motor  would  necessarily  be  much  larger,  and  hence 
would  not  be  mechanically  interchangeable  with  the  in- 
duction motor,  and  would  cost  more.  A  more  satisfac- 
tory procedure  is  to  make  the  two  motors  the  same  size 
by  using  a  compound  motor  designed  for  the  overload 
condition.  The  somewhat  higher  light  load  speed  of  such 
a  motor  will  not  be  objectionable. 

A  light  series  winding,  just  sufficient  to  overcome 
the  effect  of  armature  reaction,  is  frequently  used  on 
adjustable-speed  shunt  motors  to  give  stability  in  speed. 
Such  a  series  winding  will  have  practically  no  effect  at 
slow  speed,  since  at  full-load  the  series  ampere-turns 
and  the  armature  ampere-turns  will  be  only  a  small  per- 
centage of  the  shunt-field  ampere-turns.  As  the  shunt 
field  is  weakened  to  increase  the  speed,  the  armature 
ampere-turns  become  greater  than  the  shunt  field 
ampere-turns,  tending  to  weaken  the  flux  excessively. 
This  tendency  is  counterbalanced  by  the  series  ampere- 
turns,  which  of  course  remain  constant  for  any  given 
load,  and  hence  become  a  greater  proportion  of  the  total 
field  strength.  This  stabilizing  effect  is  illustrated  in  Fig. 
4,  which  shows  three  speed-torque  curves  obtained  on 
the  same  commutating-pole  motor,  with  different  shunt 
field  strengths. 

The  running  or  starting  torque  of  any  direct-cur- 
rent motor  is  proportional  to  the  product  of  the  field 
flux  times  the  armature  ampere-turns.  Since  the  field 


flux  is  the  resultant  of  the  magnetomotive  force  of  both 
the  field  and  the  armature,  it  is  evident  that  a  greater 
starting  torque  will  be  produced  by  a  machine  having 
relatively  strong  field  and  weak  armature  magneto- 
motive forces. 

The  maximum  current  which  a  direct-current 
motor  can  take  from  the  line  is  determined  by  the  re- 
sistance of  windings  and  brush  contact,  but  this  maxi- 
mum current  is  never  reached  in  practice  unless  the 
motor  armature  is  locked,  because  the  reactance  of  the 
armature  and  series  field  windings  exerts  a  counter 
e.m.f.  during  the  short  period  necessary  for  the  arm- 
ature to  begin  to  turn,  after  which  the  rotational  counter 
e.m.f.  opposes  the  flow  of  current.  Therefore  when  a 
low  starting  current  is  essential,  as  when  a  motor  is 
connected  to  a  lighting  circuit  and  no  starting  rheostat 
is  used,  a  compound-wound  motor  should  be  selected, 
with  as  heavy  a  series  winding  as  the  conditions  will 
permit. 

When  a  shunt  motor  is  started  by  connecting  the 
field  and  armature  across  the  line  simultaneously,  the 
flux  due  to  the  shunt  field  lags  behind  the  armature  flux, 
because  of  the  greater  inductance  of  the  shunt  field 
coils.  For  this  reason  starting  rheostats  are  designed  so 
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FK;.    4 — SPEED-TORQUE    CURVES     OF    A     ONE-HALF     HP    600     TO    3OOO 
R.P.M. ,  COMMUTATING-POLE  MOTOR 

that  the  shunt  field  circuit  is  closed  before  the  armature 
circuit,  and  if  no  starting  rheostat  is  used  it  is  an  advan- 
tage to  have  the  starting  switch  arranged  so  that  the 
field  circuit  is  closed  first.  For  reversing  service,  such 
as  dumb  waiters  and  certain  laundry  machinery  it  is  ad- 
visable to  supply  a  heavily  compounded  motor  and  to  ar- 
range the  controller  so  that  the  shunt  field  circuit  is  not 
opened  by  the  reversing  switch. 
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ELECTRICAL  ENERGY  has  become  a  most 
potent  factor  in  doing  the  world's  work.  Its  ever 
increasing  applications  for  light,  heat  and  power 
for  domestic  and  factory  purposes,  prove  electricity  the 
most  flexible  and  adaptable  source  of  power  and  insure 
its  even  more  extensive  applications  in  relieving  the 
burden  of  labor  in  home  and  factory.  Like  other  forms 
of  harnessed  energy,  however,  it  must  be  confined  with- 
in its  proper  channels.  Fire  and  water,  compressed  air 
and  steam,  drugs  and  chemicals  likewise  are  safe  only 
when  confined  and  intelligently  employed. 

There  is  hazard  in  every  industry ;  elevators  and 
cranes,  steam  piping  and  boiler  applications,  coal  min- 
ing, the  chemical  and  explosive  industries,  and  other 
pursuits,  relative  to  the  number  of  employees  and  ex- 
posed persons,  are  more  hazardous  than  the  electrical 
industry  and  electric  applications,  in  the  light  of  present 
developments. 

Electrical  energ)-  must  be  shown  due  respect, — it 
can  sometimes  strike  down  those  who  manifest  indiffer- 
ence and  contempt.  Yet  it  is  a  chosen  vehicle  for  in- 
dustrial achievements,  and  is  safely  operated  where  its 
laws  are  known  and  obeyed.  The  electric  current  can  be 
and  always  should  be  as  safe  to  the  user  as  gas  and 
water  now  are. 

With  reference  to  hazard,  all  power  circuits  are 
dangerous  to  a  degree ;  500  volts  direct-current  is  a  low 
voltage  but  is  very  dangerous,  both  as  to  electric  burns 
and  shock;  no  volts,  alternating  current,  is  not  likely  to 
burn,  the  initial  arcing  has  low  intensity,  but  it  some- 
times causes  fatal  shock  and,  on  a  heavily  fused  circuit, 
under  certain  conditions  may  produce  bums. 

Since  the  terms  low  voltage  and  high  voltage  mean 
very  little,  it  is  better  to  designate  a  circuit  as  to  its  volt- 
age, frequency,  direct  or  alternating  current  and  the  ca- 
pacity of  the  circuit  in  question;  thus  no  volts,  60 
cycles,  10  amperes  fuse  capacity.  In  the  following,  the 
term  low  voltage  will  apply  to  circuits  of  600  volts  and 
less. 

ELFXTRIC  SHOCK  VS.  ELECTRIC  BURNS 

The  two  types  of  electrical  injuries  encountered  in 
the  industries  are  electric  shock  and  electric  burns. 

In  electric  shock,  the  patient  becomes  a  part  of  the 
circuit,  the  current  being  transinitted  through  his  body. 
The  internal  path  of  the  electric  current  through  the 
body  may  become  established  without  visible  burning  or 
with  a  mere  puncture  burn. 

In  electric  burns,  the  patient's  body  comes  too  close 
to  an  electric  arc.  Such  electric  burns  are  the  result  of 
heat  energy — the}'  are  thennoelectric  burns.  Other 
burns,  such  as  arise  from  arcing  and  electric  welding,  of 
which  "flashed  eyes"  is  a  type,  are  due  to   the  actinic 


rays  of  the  electric  arc,  tlie  patient  being  too  remote  to 
experience  thermic  burns.  It  is  thus  evident  that  the  cir- 
cuit need  not  be  completed  tlirough  the  body  to  produce 
electric  burns. 

Where  the  body  is  interposed  between  the  two  lines, 
or  in  some  instances  between  one  side  and  ground,  it 
completes  the  circuit.  There  may  be  an  imperfect  con- 
tact, in  which  case  an  arcing  distance  intervenes,  if  hand 
to  hand,  both  hands  may  be  burned;  if  hand  to  foot, 
then  burns  may  be  found  on  both  extremities,  those  on 
the  feet  often  following  the  nails  of  the  shoes. 

When  the  circuit  thus  becomes  completed  through 
the  patient's  body  with  an  intervening  arcing  space,  both 
electric  shock  and  burns  may  ensue.  This  can  occur, 
however,  only  with  higher  voltage  circuits,  as  the  jump- 
ing distance  of  500  volts  is  only  one  fiftieth  of  an  inch. 
Thus  from  the  standpoint  of  jumping  distance,  the  500 
volt  circuit  is  negligible  as  an  electrical  hazard. 

While  electric  shock  and  burns  are  usually  associ- 
ated, they  are  thus  seen  to  be  essentially  different.  Per- 
sons without  discoverable  electric  burns  may  be  fatally 
injured,  and,  conversely,  persons  frightfully  burned 
may  suffer  less  from  electric  shock,  because  as  a  result 
of  the  electric  arcing,  there  is  a  considerable  voltage 
drop  in  the  arc,  and  because  the  coagulation  necrosis, 
and  charring  of  the  burned  tissues,  apparently,  block  the 
flow  of  the  current  through  the  body. 

CURRENT  REQUIRED  TO   PRODUCE  SHOCK 

Voltage  is  never  dangerous  except  as  it  serves  to 
send  current  through  the  body  in  accordance  with 
Ohm's  law.  The  definite  amount  of  electric  current  that 
may  pass  through  the  human  body  without  danger  to 
life  has  not  been  determined.  It  is  conceded,  however, 
that  one-tenth  ampere  may  become  dangerous,  one- 
fourth  ampere  may  prove  fatal,  though  seven  to  ten  am- 
peres are  registered  on  the  ammeter  in  criminal  electro- 
cutions. 

It  is  apparent  that  the  relatively  high  skin  re- 
sistance of  the  human  body  is  the  element  of  safety  in 
handling  low-voltage  lines.  A  moist  skin,  however,  re- 
duces the  skin  resistance.* 

On  a  high-potential  circuit,  the  current  which  will 
flow  in  case  of  accidental  contact  depends  principally 
upon  the  external  resistance  in  the  circuit,  on  the  nature 
of  the  contact  and  on  the  extent  of  the  arc  which 
usually  forms  part  of  the  circuit.  On  low  voltages,  how- 
ever, the  resistance  in  the  metallic  circuit  is  usually 
negligible  as  compared  with  that  of  the  body  and  hence 
the  bodv  resistance  becomes  the  limiting  factor. 


*Revised  from  a  paper  before  the  National  Safety  Council. 


*Certain  high-frequency  currents  are  relatively  safe.  This 
discussion  is  limited  to  the  effects  produced  by  power  circuits 
at  the  usual  commercial  frequencies. 
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The  skin  resistance  of  the  human  body  is  relatively 
high,  measuring  approximately  4000  ohms.  The  dry 
calloused  palms  of  a  workingman  afford  a  much  higher 
electrical  resistance.  No  accurate  figures  can  be  given, 
as  individuals  vary  in  their  response  to  electric  currents, 
and  the  readings  for  the  same  individual  will  show  vari- 
ations. The  accurately  measured  electrical  resistance  of 
hand-to-hand  contact,  obtained  by  the  bridge  method, 
expressed  in  equivalent  ohms,  dry  surfaces,  six  inches 
tin-foil  contact,  gives  a  minimum  of  40  000  ohms,  maxi- 
mum of  140000.*  The  internal  resistance  of  the  body 
is  relatively  low,  so  that  when  the  skin  resistance  is 
broken  and  the  current  passes  through  the  body,  a 
dangerous  volume  of  current  may  flow  even  at  rela- 
tively low  voltages. 

The  effect  of  an  electric  shock  is  cumulative.  Thus 
a  momentary  contact  with  a  low  voltage  circuit  may  re- 
sult in  no  damage,  yet  the  same  contact,  if  prolonged, 
may  result  in  serious  injury. 

HIGH  AMPERAGE  ON  LOW  VOLTAGE  CIRCUITS 

The  increased  hazard  of  high  amperage  circuits  of 
low  voltage  arises  from  the  high-»enerating  capacity  of 
the  circuit.  Contact  with  the  high-voltage  side  of  an 
induction  coil  involves  no  serious  danger,  due  to  the 
fact  that  the  capacity  of  the  coil  is  insufficient  to  main- 
tain its  high  voltage  when  delivering  current  through 
the  body ;  the  induction  coil  may  develop  5000  volts  on 
open  circuit,  but  does  not  sustain  it.  However,  short- 
circuiting  a  low-voltage  conductor  on  a  large  generating 
system  releases  a  tremendous  amount  of  energy.  The 
high-capacity,  low-voltage  circuit,  if  the  arc  is  short, 
may  prove  more  dangerous  than  an  equal  capacity,  high- 
voltage  circuit  with  a  long  arc.  The  danger  of  electrical 
burns  is,  tlierefore,  much  greater  on  a  large  system 
than  on  a  small  one. 

The  danger  in  a  low-voltage  circuit  of  high  amper- 
age capacity  is  evoked  by  interrupting  the  circuit,  and  is 
manifested  by  fire  and  flame.  Such  arcing  may  cause 
flash  burns.  Interrupting  a  circuit  of  great  capacity 
feeds  more  energy  into  the  arc,  and  may  vaporize  metal 
in  its  initial  arcing;  this  vaporized  metal,  by  reducing 
the  resistance  of  the  arcing  path,  may  establish  a  dan- 
gerous arc.  Low  voltage  does  not  sustain  an  arc,  how- 
ever, as  well  as  a  high  voltage;  an  alternating  current 
does  not  sustain  an  arc  as  well  as  does  a  direct  current. 

PRECAUTIONS  AGAINST  INJURY 

The  National  Electric  Safetj'  Code**  is  a  note- 
worthy contribution  to   the  cause  of  safety   first  in  the 


Minimum  Ohms    Maximum  Ohms 

♦Forehead   to   neck    (back)     3400 4000 

Neck   (back)   to  chest   5300 7500 

Neck  to  right  hand 14000 60000 

Neck  to  left  hand  26  800 55  000 

Neck  to  both  hands   10  850 35  000 

Neck  to  hip  18  500 80  000 

Neck  to  knee   120006 170000 

Hand  to  hand  40  000 140  000 

Hip  to  knee  47  000 165  000 

^    **Circular    No.  54  of  the  Bureau  of  Standards  issued    for 
trial  and  examination.  Nov.,  15,  1916. 


whole  electric  field.  The  safety  first  campaign  has 
achieved  better  methods  of  handling  electric  circuits, 
and  has  resulted  in  perfecting  mechanical  devices  for  re- 
ducing the  electric  hazard.  Human  nature,  however,  is 
prone  to  err.  Miscellaneous  inadvertencies  will  arise,  as 
operators  will  forget  which  line  is  alive;  or  they  may 
become  so  familiar  with  live  circuits  that  familiarity 
makes  them  careless ;  switches  will  be  opened  when  lines 
are  loaded,  testers  make  wrong  connections;  and, 
through  lack  of  attention  in  various  ways,  some  electric 
injuries  seem  inevitable.  The  human  equation  alone  re- 
sists analysis,  in  the  more  complete  elimination  of  indus- 
trial accidents,  but  even  this,  to  some  extent,  can  be 
regulated. 

At  the  point  of  utilization,  where  the  circuit  is 
handled  by  non-electrical  people,  the  isolation  and  insu- 
lation of  the  current  carr}'ing  parts  should  receive  par- 
ticular attention.  Precautions  essential  for  the  protec- 
tion of  the  consumer  of  current  would  be  irksome  if  re- 
quired in  generating  stations,  and  in  mills  and  factories, 
where  skilled  and  experienced  men  only  have  access  to 
the  circuits  and  switchboards.  The  continuous  require- 
ments for  alterations  and  repairs  in  mills  and  factories 
make  it  very  inconvenient  to  have  low-voltage  circuits 
totally  inclosed.  It  is  contended  that  removing  the  cas- 
ings from  the  enclosed  conductors  retards  and  prolongs 
alteration  and  repair  operations  without  eliminating  the 
electric  hazard. 


Systematic  physical  examination  of  prospective  em- 
plyees  results  in  the  selection  of  keen,  qualified  men, 
mentally  alert  and  physically  fit,  for  posts  requiring  such 
qualifications;  and  the  elimination  from  industry  of 
those  unfit  for  any  work  in  that  industry.  The  industrial 
physician  will  recommend  that  men  with  tubercular 
lesions  and  organic  heart  disease  be  not  placed  where 
they  handle  live  circuits,  but  be  located  in  some  employ- 
ment where  their  existing  defects  militate  less  against 
them.  The  medical  inspection  of  employees  is  thus  a 
safety  factor,  approved  of  by  employee  and  the  manage- 
ment alike  as  a  justifiable  means  of  reducing  the  acci- 
dent hazard. 

PRUDENCE 

"Handle  everj'  line  as  if  it  carried  10  000  volts"  is 
the  attitude  displayed  by  qualified  electrical  experts. 
Regard  the  line  as  "hot,"  unless  it  is  positively  known  to 
be  otherwise.  You  cannot  tell  when  the  line  may  be- 
come charged.  Energizing  circuits  on  which  men  are 
making  repairs  and  adjusting  apparatus  is  a  prolific 
source  of  hazard;  hence,  the  need  of  locking  switches, 
grounding  lines,  and  appointing  leaders  in  operations  on 
live  circuits  and  those  potentially  alive.  Such  "safety 
first"  instructions  to  men  working  on  low  voltages  will 
measurably  minimize  the  hazards  associated  with  low- 
voltage  systems. 

Ignorance  accounts  for  few  electric  injuries,  care- 
lessness for  few;  thoughtlessness  is  probably  responsi- 
ble for  a  larger  portion  of  them.  Familiarity  dulls  cau- 
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tion ;  in  handling  current  a  man  must  be  thoughtful,  he 
must  be  looking  for  each  and  every  possibility  all  the 
time.  In  defining  a  qualified  person,  particular  empha- 
sis is  given  to  the  concentration  of  personal  attention  on 
the  work  in  hand.  An  amount  of  distraction  permitted 
by  other  activities  tends  to  disqualify  a  person  otherwise 
qualified  for  electrical  work. 

RELIANCE  ON  INSULATION 

Because  of  the  small  jumping  distance  of  a  low- 
voltage,  excessive  reliance  is  sometimes  placed  on  insula- 
tion of  conductors.  Insulation,  however,  gets  old  and 
decays  or  wears  through.  Hence,  an  excessive  depend- 
ence on  the  insulation  for  immunity  against  electric 
shocks  and  burns  increases  the  low-voltage  hazard. 

DUST  AND  DIRT 

While  the  jumping  distance  of  low-voltage  consti- 
tutes no  hazard  ordinarily,  a  damp  or  dusty  path  may 
contribute  to  the  rupture  of  the  air  resistance,  permit- 
ting arcing  to  occur  at  a  greater  distance.  Particularly 
when  the  dirt  consists  of  iron  filings  or  other  metallic 
waste,  and  there  is  simultaneously  defective  insulation, 
this  increased  arcing  can  occur.  After  the  arcing  is  once 
established  it  can  draw  off  an  increasing  amount  of  cur- 
rent; hence,  combinations  of  conditions  can  arise  in 
which  the  low-voltage  hazard  is  increased. 

FLASHING  COMMUTATORS 

Cleanliness  is  necessary  as  a  safety  factor  in  hand- 
ling motors,  as  well  as  other  electric  apparatus  and 
equipment.  Dirt  and  dust  accumulating  on  the  commu- 
tator may  cause  it  to  arc  over  or  "flash."  Such  arcing 
causes  flash  burns  of  the  skin  of  one  chancing  to  be  near 
at  the  time ;  the  actinic  rays  of  such  an  electric  arc,  like 
in  welding,  may  even  cause  "flashed  eyes"  among  per- 
sons beyond  the  range  of  the  heat  of  the  arc. 

CIRCUIT  BREAKING 

Breaking  circuits,  cutting  a  live  wire  and  opening  a 
switch  on  a  loaded  circuit  will  draw  out  an  electric  arc, 
whose  intensity  is  dependent  on  the  voltage,  the  charac- 
teristics of  the  circuit,  and  the  generating  capacity.  The 
cautious  workman  will  not  cut  a  live  wire,  but  will  em- 
ploy switches  properly  safe  guarded,  and  whenever  pos- 
sible will  do  his  work  on  dead  lines. 

The  flash  resulting  from  opening  a  circuit  improp- 
erl)'  may  cause  electric  burns  and  is  often  an  unneces- 
sary hazard.  When  switches  are  recklessly  opened  by 
unqualified  men,  property  as  well  as  personal  hazard  is 
involved.  The  arcing  may  communicate  to  adjacent  cir- 
cuits and  destroy  equipment. 

Starting  switches  for  industrial  motors,  both  for 
group  drive,  and  for  individual  drive,  require  complete 
protection.  A  study  of  this  type  of  hazard  has  developed 
many  styles  of  covered  switches  and  control  apparatus 
which  prevent  the  operator  coming  in  contact  with  live 
parts.  Knife  switches  with  handle  outside,  so  con- 
structed that  everything  inside  the  box  is  dead  as  soon 
as  the  box  is  opened,  form  one  solution  of  the  problem 
of  safe  circuit  breaking  on  low-voltage  systems. 


A  slowly  opened  switch,  on  a  low-voltage  line  of 
high  amperage  flow,  will  draw  a  heavy  arc.  Quick  oper- 
ating circuit  breakers  of  proper  design  are  employed, 
therefore,  to  avoid  flash  injuries. 

Low  voltage  circuit  breaking  may  be  dangerous, 
but  it  carries  no  special  hazard,  when  the  best  modem 
equipment  is  used  and  qualified  men,  properly  schooled 
in  safety  methods,  are  emplo}'ed. 

SHORT-CIRCUITS 

The  personal  element  enters  largely  into  this  phase 
of  electric  hazard ;  bare  lines  are  allowed  to  touch ;  a 
screw  driver  slips  and  goes  across  a  busbar.  The  inten- 
sity of  short-circuits  will  depend  on  the  size  of  the  units 
that  are  connected  to  that  line,  and  the  setting  of  the 
protective  devices,  as  fuses,  relays,  circuit  breakers. 


Electric  generator  and  motor  frames  are  grounded, 
but  both  the  outgoing  and  the  incoming  lines  are  insu- 
lated from  ground,  unless  the  circuit  is  employed  for 
railway  purposes.  Should  any  portion  of  such  circuit 
become  grounded,  however,  then  contact  with  the  op- 
posite line,  and  at  the  same  time  with  ground,  would  in- 
volve an  electrical  hazard.  Nevertheless,  eitlier  side  of 
the  line  may  be  repaired,  if  the  line  being  repaired  is 
purposely  grounded,  providing  contact  with  both  sides 
at  the  same  time  is  avoided,  and  providing,  moreover, 
that  there  are  absolutely  no  abnormal  line  conditions. 

In  handling  any  circuit,  therefore,  the  only  safe 
procedure  is  to  ground  it.  If  one  side  of  the  circuit  is 
already  grounded,  intentionally  or  unintentionally, 
grounding  the  other  side  produces  a  short-circuit.  If  the 
body  makes  a  better  ground  than  the  one  already  exist- 
ing there  is  hazard  involved.  If  one  side  of  the  circuit  is 
properly  grounded,  it  is  safe  to  work  on  that  side — bear- 
ing in  mind  that  the  other  side  is  "hot."  It  is  good 
practice  for  the  workman  to  protect  himself  with  a  tliick 
cable,  or  a  chain,  in  grounding  his  line,  as  the  protection 
might  be  lost  by  the  burning  off  of  a  thin  wire. 

Standing  on  dry  wood,  or  other  insulating  material, 
is  a  precautionary  measure  in  dealing  with  low-voltage 
circuits;  repairs  in  every  case  should  be  completed  on 
one  side  of  the  line  at  a  time.  Insulating  the  body  is  not 
a  safe  practice  in  handling  high  voltage  circuits,  as  the 
insulated  body  has  a  potential  of  its  own,  and  this  dif- 
ference of  potential  is  an  electric  hazard.  The  man 
working  on  a  low-voltage  line,  up  to  2200  volts,  is  safe 
if  the  line  is  grounded  and  he  is  on  ground.  Place  the 
man  on  insulated  material,  however,  and  there  may  ex- 
ist a  difference  of  potential  between  the  man  and  the 
line  grounded. 

ELECTRIC  TESTING 

While  less  general  interest  may  be  attached  to  the 
assembling  and  testing  of  electrical  apparatus  than  in 
the  safety  and  efficiency  of  the  completed  apparatus, 
yet  it  is  the  unusual  that  is  attended  with  greatest  hazard. 
Security  against  accidents  in  this  class  of  work  is  dif- 
ficult, owing  to  the  temporaiy  character  of  the  circuits. 
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Some  of  the    special  points  to  be    given  consideration 

are : — 

l_Employ  only  carefully  selected  and  physically  tested 
men. 

2 — Instructions  in  rules  of  testing  should  precede  practical 
work.  A  book  of  rules  and  methods  of  using  safety, 
signs,  signal'  systems,  etc,  is  imperative. 

3 — Testers  should  not  be  driven  for  production— increasing 
speed  multiplies  accidents. 

4__\Vhenever  possible,  use  one  hand  only  vihtn  working 
about  an  electric  circuit,  even  though  it  is  supposed  to 
be  dead. 

5 — .A.11  switches  should  be  marked,  indicating  the  voltage, 
etc. 

6 — Test  equipment  and  floor  must  be  kept  as  open  as  pos- 
sible; spaces  employed  for  tests  must  be  free  from  mis- 
cellaneous unused  wires  and  cables. 

7 — Proper  signs  must  be  placed  to  give  warning  that  ap- 
paratus is  being  tested. 

8 — Al!  connections,  even  though  made  for  temporary  pur- 
poses, should  be  neat,  orderly  and  properly  insulated. 

9 — The  location  of  switches  should  be  known,  likewise  the 
proper  procedure  to  be  followed  in  case  of  accidents. 

ID — Two  or  more  men  should  work  together,  one  being  ap- 
pointed as  leader  of  test,  who  has  authority  to  direct  the 
others,  and  who  bears  the  responsibility  in  case  of  acci- 
dent to  any  of  the  men  under  him. 

Unless  a  definite  job  is  assigned  to  each  man,  they 
work  at  cross  purposes,  production  is  retarded,  accident 
hazard  is  increased.  One  man  alone  must  be  made  re- 
sponsible for  turning  the  current  on  and  off,  and  all  the 
testers  must  obey  the  leader  of  test. 

TREATMENT  OF  ELECTRICAL  INJURIES* 

Accidental  electric  contacts  should  be  immediately 
broken.  As  the  flexor  muscles  are  more  powerful  than 
the  extensor  muscles,  the  individual  who  grasps  an  elec- 
tric conductor  of  low  voltage  may  not  be  able  to  release 
his  grip.  It  reduces  the  electric  hazard,  therefore,  to 


*For  medical  treatment  of  electrical  burns,  flashed  eyes, 
etc.  see  article  by  the  author  on  "Electrical  Accidents  and  Their 
Treatment"  in  the  Journal  for  Aug.  'ii,  p.  725;  also  his  book 
on  "Electrical  Injuries,"  published  by  John  Wiley  &  Sons. 


have  men  work  in  pairs,  or  in  gangs,  so  that  no  work- 
man, encountering  electric  current,  be  isolated  from  his 
comrades. 

Safety  first  instructions,  varying  with  the  sphere  of 
service,  must  include  methods  of  breaking  the  electric 
contact  instantly  (a)  by  opening  switches,  {h)  cutting 
the  line,  (c)  grasping  patient  by  his  diy  clothing  and 
pulling  him  bodily  away,  {d)  removing  the  conductor 
from  him  by  means  of  dry  wood,  dry  clothing,  or  rub- 
ber. As  the  hazard  from  electric  shock  and  burns  is 
proportionate  to  the  duration  of  the  contact,  methods 
must  be  devised  in  anticipation  of  such  emergencies  to 
expeditiously  meet  them. 

Caution  is  essential  for  the  rescuing  party — cutting 
a  conductor,  for  instance,  might  prove  hazardous.  All 
methods  devised  for  breaking  the  contact,  therefore, 
must  be  relative  to  conditions  encountered,  and  must 
embody  safety  for  the  rescuer. 

RESUSCITATION   FROM  ELECTRIC  SHOCK 

As  soon  as  the  patient  is  freed  from  the  electric 
contact,  artificial  respiration  by  the  prone  pressure 
method  should  be  instantly  begun.  It  immeasurably 
diminishes  the  life  hazard  in  electric  shock  to  have  every 
employee  engaged  about  electric  lines  and  electric 
equipment  instructed  in  anticipation  of  such  emergen- 
cies. 

The  prone  pressure  method  of  artificial  respiration 
requires  no  apparatus.  It  is  easy  to  learn.  It  is  a  one 
man  method.  It  can  be  taught  to  twenty  men,  including 
practical  demonstration  by  every  member  of  the  class, 
within  one  hour.  Familiarity  with  the  prone  pressure 
method  of  artificial  respiration  should  be  a  compulsory 
requirement  for  all  men  who  desire  to  be  considered 
qualified  for  service  on  electric  circuits. 


.,  ,\1 
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E.  G. 

BY  l.^EFINITION  the  efliciency  of  a  transformer 
.  is  the  ratio  of  its  energs^  output  to  the  energ)'  in- 
put ;  or  in  other  words,  of  the  output,  to  tlie  out- 
put plus  the  losses.  Unless  otherwise  stated,  the  effi- 
ciency of  a  transformer  is  based  on  a  load  of  100  per- 
cent power- factor ;  being  in  this  case  the  ratio  of  the 
k.v.a.  output,  to  the  k.v.a.  output  plus  the  losses. 

By  definition  the  efficiency  of  a  transformer  at  full 
load,  is 

P 

"  -P  +  L,  ^  u ^^> 

Where  the  output  and  losses  are  expressed  in  watts. 
Example — What    is   the   efficiency   of    a   five   k.v.a.    trans- 
former whose  iron  loss  is  42  watts  and  whose  copper  loss  is 
85  watts?     From  equation  (i)  — 

5000 

"   -5000  +  42-f  8s=°-9752  '"•  97-5^  fenent 

Equation  (i)  may  be  written  for  three-fourths 
load  as  follows,  remembering  that  the  copper  loss  varies 
as  the  square  of  the  output. 


Reed 


(2) 


'''      %  P  +  L,+  (%)■  U       

Example — What  is  the  efficiency  at  %  load,  of  a  five 
k.v.a.  transformer,  which  has  an  iron  loss  of  42  watts  and  a 
copper  loss  of  85  watts-     From  equation  (2), — 

%   X  5000 

m  =  %  X  5000  4-  43  +  (  %  )^  85  ^^  °-9752  or  97.52  [.ercent. 
In  detennining  efficiencies  by  the  use  of  equations 
( I )  and  (2),  if  accurate  results  are  wanted,  rather  long 
numerical  calculations  are  necessarj'.  This  may  be 
avoided  by  the  use  of  the  following  metliod,  which  gives 
good  results  when  the  total  loss  does  not  exceed  about 
five  percent.  Equation  ( i )  may  be  put  into  the  form, — 

A-  -  ^)"' 

This  expanded  by  the  binomial  theorem,  gives, — 

(Lx  +  LX    Lx  +  Ze 
r]  =  r.o+y 73—J-         ^        0) 

Example — What  is  the  efficiency  of  a  five  k.v.a.  trans- 
former which  has  an  iron  loss  of  42  watts  z.nA  a  copper  loss 
of  85  watts.     From  equation   (3), — 
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Equation  (3)  maybe  written  for  any  other  load, 
remembering  that  the  copper  loss  varies  as  the  square 
of  the  output.  For  example, — 


^3      =     J,0    + 


+  km'  %iii+ii^ 


A&ili+K^A  _ 


-p        )-  P 

Equation  (  4  )  shows  that  when  ob- 
taining efficiencies  by  the  use  of  equa- 
tion (3)  at  other  than  full  load,  the 
percent  iron  and  copper  losses  must  be 
multiplied  by  factors  depending  on 
the  load.  These  factors  for  the  vari- 
ous loads  are  given  in  Table  I. 

Example— What  is  the  efficiency  at  % 
load  of  a  five  k.v.a-  transformer  having  42 
watts  iron  loss  and  85  watts  copper  loss. 
From  equation  (4), — 

,  (t.333y~42+o-75y-^5\ 

'?='-°+V 1^0       r 

/.iJjX^-^+».75X^5^p^.65...  (i) 
5000 

TABLE  I— CORRECTION  FACTORS 


•  M 


sect  the  vertical  line  at  the  extreme  right  representing 
the  percent  iron  loss  at  the  given  point  and  at  the  same 
time  to  intersect  the  vertical  line  representing  copper 
loss  or  the  one  representing  total  loss  at  the  given  per- 
cent. When  this  setting  is  made  the  straight-edge  will 
intersect  the  other  vertical  lines  at  the  efficiencies  for 
loads  which  they  represent.  An  important  feature  of 
this  chart  is  that  the  straight-edge  can  be  set  to  any  two 
given  efficiencies  for  any  two  loads  whatsoever,  on 
which  setting  the  efficiencies  at  all  other  loads  can  be 


Load 

Iron  Loss 

Copper  Loss 

Factor 

Factor 

iy2 

0.666 

I..S 

iV* 

0.8 

1-25 

I 

I.O 

1. 00 

% 

1.333 

0.75 

y-L 

2.0 

0..S 

Vi 

40 

0.25 

\-z. 


Ordinary  slide  rule  calculations 
will  give  more  accurate  results  by  the 
use  of  equation  ( 4  )  than  when  based 
on  equation  (i). 

The  use  of  Table  II  will  some- 
times be  helpful  when  calculating 
efficiencies.  This  table  gives  the  effi- 
ciency, when  the  total  percent  loss  is 
given. 

Example — By  the  use  of  Table  II,  find 
the  efficiency  of  a  five  k.v.a.  transformer 
which  has  an  iron  loss  of  42  watts  and  a 
copper  loss  of  85  watts.  The  total  loss  is 
127  watts,  or  2.54  percent  of  5000  watts. 
Under  the  percent  loss  column  at  the  left 
opposite  2  percent,  go  across  the  table  to 
the  right.  Interpolating  between  columns 
headed  .5  and  .6  for  .54  gives  an  efficiency 
of  97.52. 

When  a  large  number  of  efficiency  calculations  are 
to  be  made,  charts  may  be  prepared  which  give  the  ef- 
ficiency at  several  loads  when  the  percentage  iron  arid 
copper  losses  are  known.  The  method  of  using  such  a 
chart  is  evident  from  an  inspection  of  Fig.  i,  which 
consists  of  six  vertical  scales  for  showing  efficiencies 
and  three  vertical  scales  for  the  losses.  For  each  trans- 
former there  exists  a  relation  between  the  points  on 
these  scales,  such  that  when  any  two  points  are  located, 
any  others  can  be  found. 

To  read  efficiencies  with  any  given  losses,  a 
straight-edge  should  be  laid  on  the  chart  so  as  to  inter- 


-3  9'- 

J 

-i  - 


-95  91— 


i  t     9*—. 


FIG.    I — EFFICIENCY  CHART 

To  obtain  efficiency,  lay  a  straight  edge  across  the  given  I'R  and  constant 
loss  values.  The  efficiencies  at  the  required  loads  and  the  total  percent  loss  at 
full  load  can  be  obtained  simultaneously. 

directly  read,  as  can  also  the  percent  iron  loss  and  the 
percent  copper  loss. 

After  all,  the  labor  spent  in  calculating  transformer 
efficiencies  is  more  or  less  lost,  as  the  figures  have  no  di- 
rect application.  Their  only  value  is  that  they  give  at  a 
glance,  some  idea  of  the  losses  in  the  transformer,  when 
the  losses  are  not  directly  given.  The  same  information 
in  a  much  more  usable  form  is  given  by  the  iron  and 
copper  losses  expressed  in  watts  or  in  percent  of  the 
transformer  rating.  In  calculating  the  yearly  cost  of 
supplying  the  transformer  losses,  the  actual  values  of 
the  loss  in  watts  is  the  data  immediately  wanted.  The 
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fact  that  a  high  one-fourth  load  efficiency  means  a  re- 
latively low  iron  loss  as  compared  to  the  copper  loss  is 
more  evident  from  a  comparison  of  the  relative  values 
of  the  losses  than  by  noting  the  relation  of  the  full  load 
to  the  one-fourth  load  efficiency. 


the  total  copper  loss,  ignoring  the  eddy  current  loss  in 
the  conductors,  is  PR.  Then  equation  (i)  may  be 
written, — 
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Which  may  be  put  into  the  form, — 
E 


equate  —j-j 


FIG.   2 — VARIATION  OF    THE    MAXIMUM     EFFICIENCY    OUTPUT    WITH 
'     THE  RATIO  OF  IRON  TO  COPPER  LOSSES  AT  NORMAL  RATING 

DETERMINATION  OF  LOSSES  WHEN  EFFICIENCIES 
ARE  GIVEN 

It  is  sometimes  desired  to  know  the  losses  of  a 
transformer,  when  the  efficiencies  are  given.  For  in- 
stance, what  is  the  copper  loss  of  a  transformer,  when 
the  efficiencies  are  given  for  full  and  three- fourths  load. 
Combining  equations  (i)  and  (2)  to  eliminate  Lj, 
gives, — 

,  \t\\  -  (".75  1)  -I-  o-'J^  m  )  1. 


U=P- 


■  (i) 
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To  obtain  the  condition  for  which  ■<]  is  a  maximum 

to  zero,  which  gives, — 

U  =PR  (6) 

This  indicates  that  the  efficiency  of  a  transformer 
will  be  a  maximum  when  its  iron  loss  is  equal  to  its  cop- 
[ler  loss.  In  other  words,  if  the  load  which  is  taken  from 
a  given  transformer  be  varied  by  changing  the  current, 
other  things  being  constant,  the  load  which  will  give  a 
maximum  efficiency  will  be  the  one  which  produces  a 
copper  loss  equal  to  the  iron  loss. 

Example — At  what  percent  of  normal  load  must  a  five 
k  V  a  transformer  operate,  which  has  an  iron  loss  of  42  watts 
and  a  copper  loss  of  85  watts,  in  order  to  make  its  efficiency 
a  maximum? 

At  maximum  efficiency  the  copper  loss  must  be  equal  to 

the  iron  loss  of  42  watts,  or  -jr  of  its  normal  value.  Since 
the  copper  loss  varies  as  the  square  of  the  load.jhe  output 
required  to  reduce  the  copper  loss  to  this  value  is,  J  ^jT  "'"  P"'^'^" 

tically  70  percent  of  its  normal  value.  The  ef- 
ficiency curve  for  this  transformer  is  given  in 
Fig.  3,  which  shows  that  the  point  of  maximum 
efficieucv  is  at  approximately  70  percent  load. 
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FIG.    3 — EFFICIENCY      CURVE      OF 
TRAN.SFORMER 
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In  a  similar  manner  an  expression  for  the  copper 
loss  can  be  obtained  when  the  efficiencies  at  any  other 
two  loads  are  given. 

Example — What  is  the  copper  loss  of  a  transformer  whose 
full-load  efficiency  is  0.9752  and  whose  three-fourth  load  effi- 
ciency is  0.9765.     From  equation  (s), — 


\  o-9T(>5-  ("./^'Xo  975^)  +  [o-^^Xo. 975^^0 ■97'>5)  ). 
(  0.437^X0.9752^.0.9763  \ 


1. 11=5000 

This  result  could  have  been  secured  much  easier 
from  the  chart  shown  in  Fig.  i. 

RELATION  BETWEEN  THE  LOSSES  FOR  THE 
EFFICIENCIES  TO  BE  A  MAXIMUM 

If  R  be  the  equivalent  resistance  of  a  transformer, 


As  a  general  proposition  it  may  be  stated  that  the 
ratio  of  tlie  output  that  will  make  the  efficiency  a  maxi- 
mum, to  the  normal  rated  output,  is  equal  to  the  square 
root  of  the  ratio  of  the  transformer  iron  loss  to  the 
copper  loss  at  normal  rated  output.  Or 
Output  to  give  ma.vimum  efficiency 


Normal  Output 


1  Iron  Loss 

\  Copper  loss  at  normal  rating 


.(7) 


The  curve  in  Fig.  2  gives  the  maximum  efficiency 
output  fof  various  values  of  the  ratio  of  the  iron  to  the 
copper  loss. 
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H.  R.  Meyee 

Railway  Engineering  Department 

Westinghouse  Electric  &  Mfg.  Company 


IN  PLANNING  the  arrangement  of  tlie  main  and 
control  wiring  connections  of  railway  control  ap- 
paratus for  standard  use  it  is  necessary  to  deter- 
mine a  distribution  scheme  which  will  meet  average  con- 
ditions. In  doing  this,  such  items  as  length  of  conduits, 
number  of  conduits  to  be  run,  space  factor,  and  loca- 
tion to  give  the  best  balance  must  be  considered. 
For  the  average  city  and  interurban  cars  a  gen- 
eral arrangement  can  be  made  up  which  will  fit  most 
cases;  but  in  the  case  of  low-floor  cars  and  cars  which 
employ  special  apparatus  it  is  necessary  to  make  up  a 
lay  out  for  each  case. 

CONDITIONS  TO  BE  CONSIDERED 

To  obtain  the  best  results  with  any  installation,  the 
following  information  should  be  obtained  before  mak- 
ing a  layout  drawing; — 

I — Underframing  drawing. 

2 — Balance  of  car,  e.xclusive  of  electrical  equipment. 

3— Position  and  weight  of  heaters,  compartments,  and  all 

elements,  that  lend  to  unbalance  the  car.   . 
4 — Weights  and  outline  dimensions  of  all  apparatus. 
The  layout  drawing  should  give  sufficient  informa- 
tion for  the  installation  so  that  no  trouble  will  be  en- 
countered and  should  include  the  following  items : — 


When  arranging  the  apparatus  to  obtain  the  best 
balance,  the  measurements  are  made  from  the  longitudi- 
nal center  line  of  car  to  tlie  center  of  gravity  of  each 
piece  of  apparatus. 

The  hangers  should  be  so  arranged  that  sufficient 
room  is  allowed  between  the  car  under-framing  and  the 
top  of  the  apparatus  for  making  connections  and  any  re- 
quired inspection.  This  spacing  is  dependent  upon  the 
height  of  the  apparatus  and  the  distance  from  the  top 
of  the  rail  to  the  car  sills.  A  minimum  clearance  from 
nine  to  twelve  inches  above  the  rails  is  recommended. 
In  the  case  of  low-floor  cars  this  distance  has  been  made 
as  low  as  seven  inches. 

As  a  general  rule,  it  is  desirable  to  have  all  of  the 
control  apparatus  on  one  side  of  the  car,  as  with  this 
arrangement  it  is  not  necessary  to  go  from  one  side  of 
the  car  to  the  other  in  inspecting  the  apparatus. 

Where  one  piece  of  apparatus  is  placed  next  to  the 
one  from  which  it  receives  most  of  its  connecting  cables 
a  minimum  amount  of  cable  is  used  and  the  possibility 
of  trouble  is-decreased,  as  every  extra  foot  of  cable  used 
increases  the  risk  involved. 

There  are  various  ways  of  installing  main  circuit 
cables  the  more  important  of 
which  are  known  as  solid  con- 
duit, semisolid  conduit  and 
hose  and  wire. 


FIG.    I — TYPICAL       ARR.'^NGEMENT       OF       CONTROL   APP.\R.«lTUS 

I— Distance  from  longitudinal  center  line  of  car  to  center 
of  gravity  of  each  piece  of  apparatus,  including  the  air 
brake  equipment. 
2— Distance  from  underside  of  sills  to  each  piece  of  appara- 
tus. 
3 — Location  of  all  cable  runs. 
4 — Arrangement  of  motor  lead  connections. 
5 — For  conduit  or  semi-conduit  installations- 
a — Size  of  each  conduit. 

b^N  umber  and  size  of  cables  in  each  conduit. 
6 — Weight  of  each  piece  of  apparatus. 
Where  a  blower  equipment  is  to  be  used,  a  separate 
drawing  should  be  made  in  order  to  prevent  confusion 
due  to  congestion  of  visible  apparatus.     A  general  idea 
of  the  arrangement  of  apparatus  is  obtained  from  Fig.  i . 
In   considering   the   layout   of   apparatus,    the   air 
brake  equipment  should  always  be  considered  in  connec- 
tion   with    the    control    apparatus.     If    this    point    is 
neglected,  a  number  of  interferences  are  liable  to  arise, 
due  to  the  position  of  brake  levers  and  rods,  which 
would  prevent  a  good  distribution  of  all  apparatus.  The 
air  brake  equipment  can  only  be  shifted  a  limited  dis- 
tance to  either  end,  due  i'  ihc  arrangement  of  levers. 


SOLID  CONDUIT 

With  the  solid  conduit 
method  of  mounting,  all  con- 
duit is  fastened  to  the  vari- 
ous pieces  of  apparatus  by 
some  suitable  means,  usually  with  pipe  flanges  which 
are  bolted  either  directly  to  the  frames  of  the  apparatus, 
where  they  are  grounded,  or  to  wood  bushing?  attached 
to  the  frames  in  the  case  of  ungrounded  operation.  Al- 
though this  method  has  been  considered  the  most  satis- 
factory from  the  view  point  of  durability,  it  is  expen- 
sive to  install  and,  in  addition,  should  it  become  neces- 
sary to  remove  apparatus  from  the  cars,  a  considerable 
amount  of  the  conduit  must  also  be  removed.  The  ex- 
pense involved  is  often  unwarranted.  In  this  connection 
it  should  also  be  remembered  that  at  best  the  life  of  the 
cables  is  less  than  that  of  most  of  the  apparatus,  and  a 
cable  arrangement  that  can  be  renewed  is  desirable. 

Conduit  Connections  between  conduit  and  appara- 
tus are  best  made  with  pipe  flanges  where  tlie  apparatus 
employs  wooden  bushings  to  insulate  the  frame  of  the 
apparatus  from  the  conduit ;  or  with  "Appleton  nuts",  as 
shown  in  Fig.  6,  where  the  frames  are  grounded  and 
where  insulating  couplings  are  used  in  the  conduits. 
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Insulated  Bolts  are  usually  employed  with  all  equip- 
ments which  are  to  be  operated  with  the  frames  insu- 
lated from  the  car  body.  They  are  placed  between  ap- 
l)aratus  mounting  lugs  and  hangers  as  shown  in  Fig.  7. 

Cable  Connections — No  cable  connections  should  be 
made  until  all  conduit  has  been  installed  and  all  cables 
have  been  drawn  into  the  conduit.  Considerable  care 
should  be  used  when  soldering  cables  in  the  terminals, 
especially  control  cables,  as  many  of  the  troubles  which 
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Pulling  Cables — In  drawing  control  cables  through 
conduits,  the  wires  should  first  be  made_  up  into  unit 
cables  of  the  approximate  length  required,  which  can  be 
obtained  by  drawing  a  wire  through  tlie  conduit  and  al- 
lowing sufficient  length  for  connections.  The  cable  is 
then  taped  every  two  or  three  feet,  and  the  whole  waxed 
and  covered  with  powdered  soap  stone  or  its  equivalent. 
To  draw  the  cable  into  the  conduit,  a  "fish  line"  is  re- 
quired, which  may  be  a  steel  tape,  wire,  or  cord.  A 
simple  method  of  "fishing"  a  conduit,  where  compressed 
air  is  available,  is  to  blow  a  string  through  the  conduit, 


KIi;.    2 — JSOMETKIC  CAR   LAYOUT  OF   K   CONTKOL   EQUIPMENT 

are  encountered  later  on,  can  be  traced  directly  to  lack 
of  attention  to  this  detail. 

SEMISOLID  CONDUIT 

As  the  name  would  suggest,  the  apparatus  and  main 
conduits  are  mounted  disjointed  with  this  method,  i.e., 
the  conduits,  instead  of  being  attached  to  the  apparatus, 
are  dead  ended  about  ten  inches  from  the  lead  bushings 
of  each  piece  of  apparatus  except  control  junction 
boxes,  and  apparatus  which  is  not  insulated  from  the 
car  body. 

Conduit  Fittings — All  dead  ended  conduits  should 
be  fitted  with  bell  mouths  to  prevent  chafing  and  cut- 
ting of  cables  where  they  emerge  from  the  conduit. 
Macallen  conduit  insulators  should  always  be  placed  in 
vertical  pipe  runs  to  prevent  condensed  moisture  from 


FIG.   3 — ISOJIETKIC   CAK   LAYOUT  OF  PK'  CONTROL  EQUIPMENT 

settling  in  the  joint  and  destroying  the  insulation. 

In  bending  conduits  care  should  be  taken  to  see  that 
there  is  not  too  great  a  reduction  of  area  at  the  bends. 
Hot  bends  make  the  inside  of  the  conduit  rough  so  that 
wherever  possible  conduit  should  be  bent  cold.  No 
trouble  should  be  encountered  in  bending  conduits  up  to 
one  and  one-fourth  inches  without  heat. 


FIG.    4 — ISOMETHIC   CAR   LAYOUT   OF    ONE-PIECE   HL    CONTROL   EQUIP- 
.MENT 

attaching  the  fish  line  to  the  end  of  the  string.  When 
drawing  cables  into  conduit  a  scheme  similar  to  the  one 
shown  in  Fig.  9  gives  the  most  satisfactory  results. 

Trolley  Conduit  should  be  located  as  near  the  main 
switch  or  point  of  entrance  to  the  apparatus  as  possible, 
as  the  length  of  the  trolley  cable  is  usually  estimated  on 
the  basis  of  the  shortest  possible  distance. 

Control  Conduits — In  solid  conduit  work,  it  is  best 
to  keep  up  the  tone  of  the  equipments  by  using  conduit 
insulators  in  the  control  conduits  for  insulating  the  ap- 
paratus from  the  car  underframing.  In  the  case  of  a 
semi-solid  job,  where  the  ability  to  quickly  dismantle  is 
a  factor,  the  hose  connection  shown  in  Fig.  8  is  simpler. 
Connections  of  control  junction  boxes,  where  bends  are 
encountered  which  prevent  turning  the  conduit,  should 
be  made  with  a  running  thread  and  reducer. 
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FIG.    5 — ISOMETRIC   CAK   LAYOUT   OF  HLD    CONTROL   EQUIPMENT 

Cable  Connections — Apparatus  arranged  for  the 
semi-solid  conduit  method  of  mounting  should  have  all 
main  leads  extending  through  wood  insulating  bushings, 
approximately  one  foot  from  the  apparatus  and  ending 
in  connectors.  Connections  between  main  leads  in  con- 
duit and  apparatus  leads  are  made  with  a  drip  loop  to 
prevent  water  from  running  into  the  apparatus,  through 
cable  holes  in  the  bushino's.  This  connection  is  shown  In 
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Fig.  7.  Considerable  care  should  be  taken  to  insulate 
thoroughly  all  main  connections  made  this  way  with  at 
least  two  layers  of  rubber  and  two  layers  of  half  lapped 
friction  tape.  Further  insulation  depends  on  the  operat- 
ing voltage. 

Wooden  troughs — Another  method  of  installing 
cables  which  might  be  classified  as  a  sub-division  is  to 
arrange  wooden  troughs  built  into  the  car  flooring. 
These  troughs  are  so  arranged  that  the  cables  can  be 
reached  from  the  inside  of  the  car,  and  all  inside  sur- 
faces of  these    troughs  are  covered  with  a    one-fourth 


MOTOR  LEAD   CONNECTIONS 

Poor  connections  between  the  motor  leads  and  the 
car  leads  form  one  of  the  most  frequent  causes  of 
trouble  in  the  up-keep  of  equipments,  on  account  of  the 
frequent  movement  of  these  cables  due  to  truck  swing. 

A  method  which  has  proven  very  satisfactory  is  to 
employ  a  junction  box  for  each  motor,  in  which  the 
connections  between  the  car  cables  and  motor  cables  are 
made  by  means  of  knuckle  joint  connectors,  each  con- 
nector being  placed  in  a  compartment  of  the  box. 


6 — M  E  T  H  0  D    OF     CONNECTING 
CONDUIT  TO   APPARATUS 


-METHOD  OF  CONNECTING  CABLE 
TO    APPARATUS 


inch  asbestos  lumber  board  for  fire  proofing.  This  form 
of  installation  permits  easy  inspection  and  removal  of 
any  defective  cable  without  interferingwith  other  cables. 


HOSE  AND  WIRE 

This  system  is  used  mainly  with  platform  controls 
on  equipments  where  no  apparatus  is  mounted  beneath 
the  car  floor  except  the  motors  and  contactors. 

GROUND  WIRE 

The  grounding  cable  should  be  run  between  the 
trucks,  connections  being  made  directly  to  the  trucks 
around  the  center  bearing  by  means  of  flexible  cable. 
This  eliminates  the  difficulty  of  poor  contact  at  the  truck 
center  bearing  due  to  grease.  All  ground  connections 
from  apparatus  should  be  made  to  the  ground  cable. 

As  this  grounding  arrangement  gives  two  parallel 
paths  to  ground  it  is  only  necessary  to  use  a  cable  whose 
capacity  is  equivalent  to  a  certain  percentage  of  half  of 
the  total  current  rating  of  all  motors  in  parallel. 

BUS  LINE  CABLE 

When  a  bus  line  is  used  to  furnish  power  to  one  or 
more  cars,  the  cable  should  be  connected  directly  to  the 
trolley  base  unless  a  special  conductor  is  used  whose 
size  down  to  the  bus  line  connection  is  based  on  the  total 
power  to  be  furnished. 

MAIN  WIRING  JUNCTION  BOXES 

The  use  of  some  suitable  form  of  main  lead  junc- 
tion box,  placed  in  the  center  of  the  car  or  other  con- 
venient place,  dependent  on  the  arrangement  of  the  ap- 
paratus, to  which  all  conduits  and  leads  from  apparatus 
can  be  run,  simplifies  the  mounting  and  decreases  the 
number  of  conduits  used.  The  main  wiring  junction 
box  is  a  big  factor  when  cost  is  the  chief  item. 


FIG.   8 — METHOD    OF    CONNECTING    CONTROL    CON- 
DUIT   TO    APPARATUS 

TKAI.M  AND  BUS  LINE  RECEPTACLES 

Where  no  end  doors  are  encountered,  receptacles 
should  be  mounted  on  the  dash,  and  when  the  number 
of  train  line  wires  is  small  enough  to  be  enclosed  in  one 
receptacle  body,  only  one  receptacle  at  each  end  of  the 
car  is  required.  In  the  case  of  cars  having  end  doors 
for  communication  between  cars  when  coupled  together, 
it  is  necessar)'  to  mount  receptacles  on  the  dash  board 
near  the  side  of  the  car  or  else  on  the  bumper  near  the 
side  of  the  car  just  beyond  the  swing  of  the  draw  bar. 
This  latter  arrangement  requires  four  receptacles  per 
car  when  all  train  line  wires  can  be  contained  in  one 
receptacle  body,  to  prevent  crossing  of  jumper  cables 
when  cars  are  turned  end  for  end. 

PNEUMATIC  DETAILS 

In  making  the  air  connection  between  tlie  com- 
pressor and  the  first  main  reservoir,  at  least  25  feet  of 
cooling  pipe  should  be  employed.  Between  the  first  and 


Solder  Ahcr  Twisting  m  PUce 
FIG.   9 — SCHE.ME   OF   PULLING   CABLES   THROUGH   CONDUIT 

second  reservoir  at  least  an  additional  25  feet  of  cooling 
pipe  should  be  installed.  Control  piping  should  be  ar- 
ranged so  that  the  horizontal  runs  drain  away  from  the 
control  apparatus  to  prevent  condensed  moisture  from 
getting  to  the  control  valves. 

Insulated-couplings,  preferable  of  the  Macallen  type 
should  be  located  in  the  vertical  runs  of  all  air  piping 
connected  to  electrical  apparatus.  Such  items  as  reduc- 
ing valve,  check  valve  and  strainer  should  be  placed 
within  the  car  body  to  prevent  freezing. 
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IN  the  ordinary  converter,  the  ratio  between  the  al- 
ternating and  direct-current  voltage  is  practically 
lixed.  *  Therefore,  any  change  in  the  voltage  im- 
pressed on  the  alternating-current  side  produces  a  cor- 
responding change  on  the  direct-current  side.  The 
synchronous  booster  rotary  converter  makes  use  of  this 
principle  to  vary  the  direct-current  voltage  by  combin- 
ing a  simple  shunt  rotary  converter  with  a  suitable 
alternating-current  booster  placed  in  series  between  the 
alternating-current  side  and  the  secondary  of  the  trans- 
formers. When  the  voltage  of  the  booster  is  adding  to 
the  impressed  alternating  voltage,  it  is  said  to  be  boost- 
ing, and  when  opposed  it  is  said  to  be  bucking.  The 
amount  of  buck  or  boost  is  controlled  by  varying  the 
strength  of  the  booster  field.  Unity  power-factor  is 
maintained  at  various  amounts  of  buck  or  boost  by 
regulating  the  main  shunt  field  of  the  converter. 

The   commutating-pole  ampere-turns  on  a  direct- 
current  machine  serve  two  purposes: — First,  they  must 


FIG.    I— RELATION   OF   M.M.F.'s   IN   A   ROTARY   CONVERTER 

be  sufficient  to  buck  down  the  armature  magnetomotive 
force  between  poles.  Second,  they  must  further  be 
strong  enough  to  force  enough  flux  across  the  commu- 
tating-pole air-gap  to  generate  sufficient  e.m.f.  in  the 
short-circuited  coil  to  counterbalance  the  reactance  volt- 
age generated  in  the  coil  due  to  the  reversal  of  the  di- 
rect-current armature  current. 

In  a  simple  rotary  converter,  the  commutating  con- 
ditions are  practically  the  same  as  in  a  direct-current 
machine,  except  that  the  component  of  the  ampere-turns 
on  the  commutating-pole  field  winding  required  to  buck 
down  the  armature  ampere-turns  is  less.  This  is  due  to 
the  fact  that  the  alternating  and  direct-currents  in  a 
converter  tend  to  flow  in  opposite  directions  in  the  wind- 
mg,  and  the  resultant  armature  m.ra.f.  is  the  difference 
between  the  direct  and  alternating-current  m.m.f.'s, 
which  tend  to  be  produced.  This  is  shown  diagrammati- 
cally  m  Fig.  i.  In  a  six-phase  converter,  the  resultant 
midway  between  poles  varies  from  about  ii  to  23  per- 
cent of  the  direct-current  m.m.f.  at   100  percent  effi- 


ciency, and  from  about  7  to  19  percent  of  the  direct- 
current  m.m.f.  at  95  percent  efficiency,  and  goes  through 
a  complete  cycle  eveiy  60  electrical  degrees,  reaching  a 
maximum  at  30  degrees.  It  is  usual  to  compensate  for 
about  12  to  15  percent  of  the  direct-current  armature 
m.m.f.  The  remainder  of  the  ampere-turns  in  the  com- 
mutating pole  field  winding  are  to  compensate  for  tlae 
reactance  voltage  generated  in  the  coil  undergoing  com- 
mutation, as  in  a  direct-current  machine.  Botli  of  these 
factors  are  proportional  to  tlie  armature  current  (except 
for  the  change  in  ratio  of  the  alternating-current  and  di- 
rect-current m.m.f.,  due  to  the  change  in  efficiency  at 
different  loads)  and  the  commutating-pole  field  winding 
is,  therefore,  put  in  series  with  the  armature  so  that  its 
effect  will  vary  with  the  load. 

In  the  case  of  the  synchronous  booster  converter, 
however,  there  is  another  condition  imposed  which  the 
main  series  commutating-pole  winding  cannot  take  care 
of.  When  the  booster  is  running  idle,  i.e.,  when  it  is 
neither  bucking  nor  boosting,  the  action  is  no  different 
from  that  of  a  straight  converter,  except  for  the  small 
change  in  the  ratio  of  the  alternating-current  and  direct- 
current  m.m.f.,  due  to  the  additional  power  required  to 
supply  the  losses  in  the  booster.  However,  this  is  com- 
parable to  a  change  in  efficiency  in  the  main  converter 
and  the  percent  armature  m.m.f.  to  be  compensated  for 
should  be  calculated  at  full-load  efficiency,  including 
booster  losses.  Although  the  percent  resultant  armature 
m.m.f.  will  be  different  at  lighter  loads,  the  commutating 
difficulties  are  not  so  important  as  at  full  load,  and  the 
full-load  compensation  is  sufficient.  When  the  booster 
is  raising  the  alternating  voltage,  it  is  acting  as  a  gener- 
ator, as  its  generated  voltage  is  in  the  same  direction  as 
the  current  in  its  windings,  and  is  being  driven  by  the 
converter.  When  the  booster  is  lowering  the  alternat- 
ing voltage,  it  is  acting  as  a  motor,  as  its  generated  volt- 
age is  in  opposition  to  the  current  flowing  in  its  wind- 
ings, and  it  helps  mechanically  to  drive  tlie  converter. 
This  motor  and  generator  action  of  the  booster  means  a 
corresponding  change  in  the  alternating-current  to  take 
care  of  the  increased  or  decreased  load,  which,  in  turn, 
means  a  difference  in  the  resultant  armature  m.m.f.  to 
be  compensated  for.  Although  the  change  in  the  alter- 
nating-current, due  to  the  motor  and  generator  action  of 
the  booster,  is  a  relatively  small  percent  of  the  total 
alternating-current,  the  change  in  the  resultant  m.m.f.  is 
comparatively  large,  as  it  is  the  difference  between  the 
alternating-current,  and  direct-current  m.m.f.,  and  any 
change  in  either  the  alternating  or  direct-current  affects 
the  resultant  directly.  With  a  given  load  current,  the 
motor  and  generator  action  of  the  booster,  and  hence  the 
change  in  the  resultant  m.m.f.,  is  directly  proportional 
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to  the  amount  of  buck  or  boost;  and,  with  a  given 
amount  of  buck  or  boost,  the  change  in  resultant  m.m.f. 
is  directly  pi-bportional  to  the  load  current  through  the 
booster.  Hence,  the  change  is  proportional  to  the  com- 
bined effect  of  the  amount  of  buck  or  boost  and  (he  cur- 
rent through  the  booster. 

This  may  be  seen  more  clearly,  perhaps  by  con- 
sidering the  energy  on  both  the  alternating  and  direct- 
current  sides  of  the  booster  converter  as  a  unit.  With  a 
given  direct  current,  boosting  the  voltage  a  certain  per- 
cent B,  means  increasing  the  direct-current  output  B 
percent.  Then  the  input  on  the  alternating-current  side 
(neglecting  any  change  in  efficiency)  must  increase  B 
percent.  The  voltage  applied  to  the  booster  converter 
is  constant,  and  the  alternating-current  must  increase  B 
percent  to  supply  the  required  increase  in  power.  There- 
fore, the  alternating-current  m.m.f.  changes  B  percent 
while  the  direct-current  m.m.f.  remains  constant.  The 
resultant  m.m.f.  then  changes  by  the  same  amount  as 
the  alternating-current  m.m.f.  Any  other  change  in  the 
amount  of  buck  or  boost  will  produce  a  corresponding 
change  in  the  resultant  m.m.f.  Then,  with  a  given  di- 
rect-current output,  the  change  in  the  resultant  m.m.f. 
is  directly  proportional  to  the  amount  of  buck  or  boost. 
With  a  given  buck  or  boost,  consider  the  direct-current 
to  increase  x  percent.  Neglecting  any  change  in  effi- 
ciency, the  alternating-current  must  also  increase  x  per- 
cent, in  order  to  carry  the  increased  direct-current  out- 
put. Then  the  alternating  and  direct-current  m.m.f. 's 
have  each  increased  x  percent  of  their  own  value,  re- 
spectivel}'.  Therefore,  the  resultant  m.m.f.  which  is  the 
difference  in  the  direct-current  and  alternating-current 
m.m.f. 's  also  increases  x  percent.  For  a  change  of  2X 
percent  in  the  direct-current,  the  change  in  the  resultant 
m.m.f.  will  be  twice  as  much,  and  so  on.  Therefore, 
with  a  given  buck  or  boost,  the  change  in  the  resultant 
m.m.f.  is  directly  proportional  to  the  direct-current  out- 

j5Ut. 

To  compensate  for  this  motor  and  generator  action 
of  the  booster,  an  auxiliar)'  shunt  winding  is  placed  on 
the  commutating  poles,  the  excitation  of  which  is  pro- 
portional to  both  the  direct-current  output  (which  is 
practically  proportional  to  the  current  through  the 
booster)  and  the  amount  of  booster  excitation.  A  dia- 
gram of  this  field  and  its  connections  is  shown  in  Fig. 
2.  The  booster  field  rheostat  is  connected  directly  across 
the  line  and  is  of  the  double  face  plate  type,  arranged  so 
that  the  rheostat  handle  may  be  moved  from  the  position 
of  full  boost  through  zero  to  full  buck,  or  vice  versa, 
without  breaking  the  circuit.  These  connections  are 
.shown  diagrammatically  at  ^IB.  YnW  booster  excitation 
is  obtained  in  one  direction.  .As  the  rheostat  handle  is 
moved,  the  two  contacts  approach  each  other,  and  the 
excitation  decreases,  and  is  zero  when  the  two  contacts 
are  together  in  the  middle.  On  further  movement  of  the 
rheostat  arm,  these  two  contacts  pass  each  other  and  the 


excitation  begins  to  build  up  in  the  opposite  direction 
and  reaches  a  maximum  when  the  two  contacts  are 
again  at  opposite  ends  of  the  resistance  elements. 

The  rheostat  for  the  commutating  auxiliary  field  is 
of  similar  construction  as  shown  at  CD.  It  is  mechani- 
cally connected  to  the  booster  field  rheostat  in  such  a  way 
that  any  movement  of  the  booster  field  rheostat  gives  a 
corresponding  movement  of  the  commutating-pole  ■ 
au.xiliary  field  rheostat.  Therefore,  with  a  given  posi- 
tion of  the  rheostat  EF,  which  is  operated  bythe  torque 
motor,  the  excitation  of  the  commutating-pole  au.xiliary 
field  winding  is  always  proportional  to  the  amount  of 
the  booster  excitation.  This  compensation  is  not  strictly 
correct,  as  tlie  amount  of  buck  or  boost  is  not  e.xactly 
proportional  to  tlie  field  excitation  on  account  of  the 
.saturation  in  the  booster.  However,  the  booster  is 
worked  at  comparatively  low  densities  and  this  error  is 
small. 

The  torque  motor,  as  shown  in  the  diagram  of  con- 
nections, has  its  armature  in  series   with  a   resistance 


FIG.    2 — D1.\GR.\M     OF    CONNECTIONS     OF     .\     SYNCHRONOUS     DOOSTKK 
ROTAKY  CONVERTKR 

across  the  line,  and  its  field  shunted  across  the  main 
series  commutating-pole  field.  With  a  given  buck  or 
boost,  the  direct-current  terminal  voltage  is  practically 
constant ;  hence,  the  current  in  the  torque  motor  arma- 
ture is  constant.  The  field  of  the  motor  being  connected 
in  parallel  with  the  main  series  commutating-pole  field, 
gives  a  field  strength  proportional  to  the  direct-current 
output.  Since  the  armature  current  of  the  torque  motor 
is  constant  for  a  given  buck  or  boost,  the  torque  of  the 
motor  is  also  proportional  to  the  direct-current  output. 
Then,  by  means  of  a  mechanical  connection  between  the 
torque  motor  and  the  rheostat  EF,  the  current  in  the 
auxiliary  commutating-pole  field  is  kept  proportional  to 
the  direct-current  output. 

At  all  times,  the  excitation  of  the  commutating-pole 
auxiliary  tield  is  proportional  to  the  amount  of  buck  or 
boost,  and  to  the  load  current,  and  in  this  way  the 
auxiliary  winding  compensates  for  the  motor  and  gen- 
erator action  of  the  booster. 


iViUtako^  ill  i.ihh(oi:ioji  Mocoi'  VVliuliii;^^ 


A.  M.  Dudley 


AFTER  THE  COILS  in  a  motor  winding  have 
been  connected  to  give  the  desired  combination 
of  phase,  vohs  and  poles,  it  is  customary  to  con- 
nect it  to  a  power  circuit  and  demonstrate  the  correct- 
ness of  the  various  connections  by  the  electrical  be- 
havior of  the  motor  before  it  is  connected  to  its  me- 
chanical load.  The  current  should  be  approximately  the 
same  in  all  leads.  In  case  the  motor  does  not  operate 
properly  it  becomes  necessary  to  check  over  the  wiring 
and  locate  a  possible  error  in  connections.  In  general 
the  quickest  and  most  satisfactory  method  of  accom- 
plishing the  result  is  to  have  the  connections  checked  by 
an  experienced  winder,  and  he  can  usual!}'  determine  at 
once  what  correction  is  necessary. 

The  errors  which  may  occur  in  winding  and  con- 
necting, arranged  in  the  approximate  order  of  their  like- 
lihood, are  as  follows: — 

I—  Short-Circuits  and  Grounds — These  may  be 
(a)  short-circuits  or  grounds  of  one  or  more  turns  in 
an  individual  coil  caused  by  a  break  in  the  insulation; 
or  (b)  a  short-circuit  of  a  complete  coil  caused  by  in- 
advertently connecting  together  the  two  ends  of  the  coil, 
which  is  technically  known  by  the  winders  as  "stubbing 
a  coil  dead";  or  (c)  short-circuiting  a  complete  pole- 
phase  group;  or  (d)  short-circuiting  one  complete  phase 
of  the  winding. 

2 — Reversal  of  a  Fart  of  the  Winding — This  may 
be  confined  to  a  single  coil  or  it  may  be  a  pole  phase 
group  or  a  complete  phase. 

3 — Open  circuits,  caused  by  actually  leaving  the 
winding  disconnected  or  open  at  some  point. 

4 — Placing  one  or  more  coils  too  many  or  too  few 
ni  a  pole  phase  group. 

J — Using  an  improper  group  connection,  as  for  ex- 
ample, connecting  series  when  the  winding  should  have 
been  in  parallel  or  vice-versa,  which  is  called  "connect- 
ing for  double  or  half  voltage",  respectively.  A  similar 
error  would  be  connecting  delta  instead  of  star,  etc. 

6 — Connecting  for  the  Wrong  Number  of  Poles — 
This  really  comes  under  (5)  but  is  usually  regarded  as 
different  and  is  sometimes  difficult  to  locate  unless  it 
has  been  noticed  that  the  speed  of  the  motor  running 
light  is  not  what  it  should  be. 

Taking  up  these  defects  in  order,  the  practical 
checks  usually  made  are : 

/ — Short-Circuits  and  Grounds — Grounds  of  any 
description  are  located  by  "ringing  out"  between  the 
copper  and  the  frame  with  a  magneto  or  "lighting  out" 
between  the  same  points  with  an  ordinary  no  volt  light- 
ing circuit.  If  these  checks  indicate  the  presence  of  a 
ground,  it  is  a  comparatively  simple  matter  to  locate  and 
repair  it. 

Short-circuits  of  a  few  turns  or  a  single  coil  be- 
come hot  in  a  short  time  if  the  motor  is  run  light  on 
normal  voltage.  Their  presence  can  be  detected  bv  feel- 


ing around  the  winding  with  the  hand  immediately  after 
starting  the  machine  and  noting  if  some  individual  coils 
are  much  warmer  than  others.  A  device  for  detecting 
such  short-circuits  before  the  rotor  is  put  in  the  stator 
and  without  applying  any  voltage  to  the  winding  itself 
i*. shown  in  Fig.  I.  This  device  is  somewhat  similar  to  a 
large  horse-shoe  magnet  except  that  the  iron  part  is^ 
built  up  of  laminations,  or  it  may  be  considered  as  a 
core  type  transformer  having  the  primary  coil  only  and 
having  one  side  of  the  iron  core  missing.  The  coil  is  ex- 

Hcavy  Support  at  end  ol 
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SHORT-CIRCUIT     DETECTING 


cited  with  alternating  current  of  suitable  voltage  and 
then  the  complete  device  is  passed  slowly  around  the 
bore  of  the  machine  being  tested  as  shown  in  Fig.  2. 
The  laminations  of  the  stator  core  complete  the  mag- 
netic circuit  of  the  testing  device  and  an  alternating 
magnetic  field  flows  in  the  stator  core  as  shown  by  the 
dotted  lines.  In  passing  around,  if  the  testing  device 
passes  over  any  short-circuited  turn  or  coil,  such  short- 
circuit  immediately  acts  as  a  short-circuited  secondary 
coil  on  a  transformer  of  which  the  exciting  coil  on  the 
testing  device  is  the  primary  and  whose  magnetic  cir- 
cuit is  made  partly  by  the  testing  device  and  partly  by 
the  core  of  the  machine  under  test.  As  in  any  .short- 
circuited  transformer  an  increased  current  flows  both 
in  the  primary  and  secondary  coil  and  can  be  detected 
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by  an  ammeter  in  series  with  the  device  or  by  the  heat- 
ing which  immediately  takes  place  in  the  defective  coil 
in  the  winding  or  by  the  attraction  which  the  other  side 
of  the  short-circuited  coil  has  for  a  strip  of  sheet  iron. 
By  passing  the  device  slowly  around  the  core  and  ob- 
serving its  behavior  from  point  to  point,  short-circuits 
can  readily  be  detected.  This  refers  particularly  to 
short-circuits  in  individual  turns  or  in  one  complete  coil. 
A  short-circuit  of  a  complete  pole  phase  group  is  more 
readily  located  by  a  compass  test,  and  a  short-circuit 
of  an  entire  phase  can  be  found  by  a  "balance  test."  The 
balance  test  is  made  after  the  winding  has  been  checked  • 
^or  grounds  and  short-circuited  turns  and  has  had  the 
resistance  of  all  tlie  phases  measured.  If  these  checks 
indicate  the  proper  number  of  turns  in-  series,  a  com- 
paratively low  alternating  voltage  is  applied  to  the  wind- 
ings of  the  stator  without  the  rotor  being  in  place.  The 
current  is  then  read  in  all  the  phases  and  if  it  checks  the 
same  or  "balances"  as  it  is  called,  the  machine  is  passed 
for  assembly  and  is  considered  clear  of  grounds  and 
short-circuits. 


FIG.   2 — .METHOD  OF  TF.STIXG  FOR  SHORT-CIRCUITS 

Using  device  shown  in  Fig.  i. 

2 — Reversal  of  One  or  More  Coils  or  Groups — It 
happens  that  individual  coils  or  sometimes  entire  groups 
are  connected  in  backwards.  If  the  error  is  confined  to 
one  coil  it  does  not  usually  show  up  on  the  balance  test 
.md  of  course  would  not  be  found  on  the  resistance  test 
since  the  re.sistance  is  the  same  no  matter  whether  the 
ends  of  the  coils  are  interchanged  or  not.  Such  reversed 
coils  or  groups  are  sometimes  located  by  means  of  a 
polarity  test  with  a  compass.  In  this  test  the  motor 
windings  are  e.Kcited  by  a  comparatively  low  direct-cur- 
rent voltage  so  chosen  that  the  current  is  limited  to  a 
reasonable  value.  If  the  windings  are  so  excited  and  a 
compass  is  placed  inside  the  bore  and  passed  around 
slowly  following  the  inner  periphery,  the  needle  of  the 
compass  will  reverse  in  passing  from  a  north  pole  to  a 
south  pole  group  and  vice  versa.  If  an  individual  coil 
is  reversed  it  will  show  a  tendency  to  reverse  the  com- 
pass needle  when  the  needle  is  directly  over  that  coil.  If 
an  entire  pole  phase  group  is  reversed  the  compass 
needle  will  indicate  the  same  direction  of  field  on  two 
successive  groups.  Also  if  a  coil  is  left  out  of  circuit  or 
is  "dead",  as  mentioned  earlier,  it  will  indicate  an  ir- 
regularity at  the  instant  the  compass  passes  directly 
above  it.  By  checking  the  three  phases  of  a  three  phase 


winding  separately,  in  this  manner  and  marking  the  re- 
sult inside  the  bore  with  chalk  of  different  colors  it  is 
possible  to  check  for  the  reversal  of  an  entire  phase. 

3— Open  circuits  are  best  checked  by  "lighting 
out."  This  test  is  made  by  connecting  a  no  volt  lighting 
circuit  and  an  incandescent  lamp  in  series  with  the 
winding.  If  there  is  an  open  circuit  the  lamp  will  not 
light. 

4 — Placing  the  Wrong  Number  of  Coils  in  two  or 
more  phase  groups  can  hardly  be  detected  otherwise 
than  by  actually  making  a  physical  count.  Since  this  is 
a  simple  matter  the  check  is  best  made  in  that  way. 

5 — Using  an  Improper  Group  Connection  has  in 
general  the  same  effect  as  raising  or  lowering  the  volt- 
age on  a  machine  and  can  best  be  checked  by  operating 
the  motor  on  what  should  be  the  correct  voltage.  If  tliis 
voltage  is  considerably  too  high  as  would  be  the  case  if 
the  winding  was  connected  parallel  when  it  should  be 
series,  or  delta  when  it  should  be  star,  the  motor  will 
emit  more  than  the  ordinary  amount  of  magnetic  hum 
and  will  probably  over-heat  in  a  short  time  even  when 
not  mechanically  loaded.  If  the  voltage  is  much  too  low, 
as  would  be  the  case  if  the  winding  was  connected 
series,  when  it  should  be  parallel,  or  star  when  it  should 
be  delta,  the  fact  can  be  determined  by  trying  load  on 
the  motor.  When  the  load  comes  on  the  drop  in  speed 
will  be  too  great  and  the  motor  will  pull  out  and  come  to 
a  standstill  on  a  load  much  less  than  normal. 

6 — Connecting  for  the  Wrong  Number  of  Poles 
can  most  readily  be  detected  by  checking  the  no-load 
speed.  (If  it  has  a  wound  rotor,  this  must  be  short- 
circuited.)  The  no-load  speed  being  approximately 
synchronous,  is  very  nearly  equal  to  cycles  X  120  ^- 
number  of  poles.  If  this  gives  a  result  differing  from 
that  expected  the  winding  is  connected  for  the  wrong 
number  of  poles. 

The  order  in  which  these  various  checks  would  be 
performed  is  usually  this:  After  the  winder  has  com- 
pleted the  connection  the  windings  are  -checked  against 
the  winding  diagram.  The  coils  per  group  are  counted 
and  a  visual  inspection  made  for  short-circuits,  open  cir- 
cuits and  reversed  coils.  A  balance  test  is  made  with 
low  voltage  to  see  if  the  separate  phases  show  the  same 
result.  A  high  voltage  test  is  then  made  on  the  insula- 
tion to  ensure  that  the  coils  are  not  grounded  between 
phases  nor  on  the  iron  core.  The  machine  is  then  as- 
sembled and  the  resistance  of  the  completed  winding  is 
measured  on  all  phases.  If  this  checks  the  machine  is 
passed  for  a  running  light  test  without  load.  Sufficient 
voltage  is  put  on  the  windings  to  start  the  motor  up.  If 
it  comes  up  to  speed  without  apparent  distress  or  irregu- 
larity of  any  kind,  the  speed  is  checked  and  the  tem- 
perature of  the  winding  is  tested  with  the  hand  all  the 
way  around  the  machine.  If  this  is  normal  the  voltage 
is  raised  to  its  normal  value  and  the  no-load  current  in 
all  phases  and  the  watts  are  read.  If  these  values  check 
with  previous  calculations  or  tests  on  duplicate  machines 
the  windings  are  considered  to  be  correctly  connected. 
If  no  data  is  available  on  the  no-load  current  it  may  be 
considered  reasonable  if  it  does  not  exceed  40  percent 
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and  is  at  least  20  percent  of  full  load  current.  The  no- 
load  watts  running  light  may  be  considered  reasonable 
if  they  are  roughly  in  the  neighborhood  of  seven  or 
eight  percent  of  the  normal  rating  of  the  motor.  If  the 
motor  does  not  readily  come  up  to  speed  or  the  phases 
do  not  balance  or  there  are  signs  of  unequal  heating  in 


the  winding  or  other  distress,  the  rotor  is  removed  and 
the  connections  checked.  If  the  error  is  not  apparent 
and  a  source  of  direct  current  is  available  the  compass 
test  may  be  applied.  If  this  and  all  other  checks  are  still 
indecisive  some  such  method  of  exploration  may  be  em- 
ployed as  that  described  by  Mr.  Newbury. 


Choo'kiiij^  Lv^luotbij  ^k)^:ov  CoiViVocVtioa^ 


THE  POSSIBLE  mistakes  in  connectm 
phase  windings  are : 
/ — Wrong  number  of  coils  in  a  group. 
3 — ^i  reversed  group  caused  by  interchanging  the 
cross-connections  of  the  group. 

^ — A  reversed  phase  caused  by  interchanging  the 
start  and  finish  of  the  phase. 

A  winding  in  which  the  phases  are  unbalanced  may 
contain  one  or  any  combination  of  the  above  mistakes. 


F.  D.  Newbury 
three-      the'  maximum  half  way  between  AA,  and  similarly  the 


P^ 


FIG.    I — DIAGRAM    OF    SINGLE-PHASE    CURRENT    FLOW 

These  mistakes  may  be  detected  and  located : — 
I — By  their  effect  on  the  form  of  the  magnetic  field  pro- 
duced   by    the    winding    when    single-phase    current    is 
passed  through  it. 
2 — By  their  effect  on  the  impedance  of  the  winding. 

/ — Field  Form — When  a  three-phase  induction 
motor  winding  is  Y  connected,  connecting  two  of  the 
motor  terminals  to  a  single-phase  circuit  will  result  in 
current  flowing  through  two  of  the  phases,  and  the 
magnetic  field  produced  will  be  the  resultant  of  the  fields 
of  the  two  phases.  When  the  winding  is  correctly  con- 
nected the  fields  due  to  the  adjacent  coils  of  the  two 
phases,  for  each  pole,  will  be  in  the  same  direction  and 
assist  each  other.  This  is  illustrated  by  Fig.  i,  the  ar- 
rows representing  the  direction  of  the 
single-phase  current  at  some  instant. 
When  the  winding  is  incorrectly  con- 
nected, so  that  one  or  more  groups  are 
reversed,  the  two  component  fields  at 
the  poles  containing  a  reversed  group 
will  be  in  opposite  directions  and  the 
resultant  field  will  be  markedly 
changed.  This  is  illustrated  by  Fig.  3. 
The  rectangles  at  the  top  represent  the 
motor  winding.  Assume  the  motor-primary  to  be' cut  by  a 
plane  perpendicular  to  the  shaft,  exposing  the  core  and 
the  cross-section  of  the  copper  and  develop  the  resulting 
cylinder.  Then  each  rectangle  in  the  figure  represents 
the  cross-sectional  area  of  one  side  of  the  coils  of  one 
phase  for  one  pole.  The  two  rectangles  similarly  cross- 
hatched  are  the  two  sides  of  the  same  group  of  coils. 
Therefore  the  field  due  to  AA  will  be  between  AA  v/ith 


FIG.  2 — S  C  H  E  M- 
A  T  I  C  REPRESEN- 
TATION 0  F  MO- 
TOR WINDING 


field  due  to  BB  will  be  between  BB.  In  (a)  the  wind- 
ing is  assumed  to  be  correctly  connected  and  the  fields 
due  to  A  and  B  are  drawn  in  the  same  direction.  In  (b) 
]ihase  B  is  assumed  to  be  reversed  and,  accordingly,  the 
fields  of  adjacent  groups  of  A  and  B  are  drawn  in  op- 


no.  3 — FIELD  FORMS  WITH  CURRENT  IN  AB 

(a)  Normal. 

(b)  Phase  B  reversed. 

(c)  One  group  in  phase  B  reversed. 

posite  directions.  In  (c)  one  pole-phase  group  in  B  is 
assumed  to  be  reversed.  In  every  case  the  heavy  dash 
line  represents  the  actual  field  produced  by  the  winding 
with  current  in  AB. 

2 — Effect  on  Impedance — 

Too  many  coils  in  a  phase  increase  the  impedance. 

Too  few  coils  in  a  phase  decrease  the  impedance. 

Reversed  coils,  by  diminishing  the  flux,  decrease 
the  impedance. 

A  check  on  the  correctness  of  the  winding  is  ob- 
tained by  reading  the  voltage  between  the  "free"  ter- 
minal and  each  of  the  two  terminals  connected  to  the 
supply  circuit.  Fig.  2  represents  a  winding  with  A  and 
B  connected  to  the  current  supply  and  witli  C  free. 

With  a  winding  correctly  connected  the  coils  of 
phase  C  (assuming  current  flowing  in  A  and  B)  are  so 
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placed  with  reference  to  the  field  produced  by  A  and  B 
that  there  is  no  e.m.f.  generated  in  the  coils  of  phase  C. 
[See  Fig.  3  (a)  ].  Then  the  voltage  measured  between 
AC  or  BC  is  the  voltage  between  A  or  B  and  the  com- 


FIC.   4 — FIELD  FORMS   WITH   ONE  COIL  IN   PHASE  A    DISCONNECTED 


Current 
in 

Amperes 

Volts 

A  B        1       B  C 

AC 

AB         1         41.3        j         89                 45 
BC         1         38.7                 44-S              89 
AC        1        41.3        1        44                46 

45 

men  connection  x,  phase  C  acting  only  as  a  potential 
connection  to  x.  The  voltage  across  AC  or  BC  will  be 
one  half  the  voltage  across  AB  (assuming  current  flow- 
ing in  AB).  With  a  winding  having  phase  B  reversed, 


FIG.    5-   FIELD   FOUMS    WITH    OXE   OROIP   IN    PHASE   C   REVERSED 


Current            , 

in                 Amperes 

Volts 

A  B       1       AC       1       B  C 

AC                 48.2         !         52         1         86         j         30 
B  C                 48.2         '         S2                  ?2                 8? 
AB                38.7        1        86        i        42        1        4S 

and  current  in  AB,  the  coils  of  phase  C  are  linked  with 
the  total  flux  produceci  by  A  and  B  [see  Fig.  3  (b)  ]  and 
an  e.m.f.  is  induced  in  phase  C  approximately  equal  to 


I  lie  component  voltages  Ax,  Bx,  and  Cx,  are  such  that 
ihe  voltage  ^C  is  approximately  equal  to  the  impressed 
voltage  AB,  and  the  voltage  BC  is  approximately  equal 
to  zero. 


FIG.   6 — FIELD  FORMS   WITH    PHASE  B   REVERSED 
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EXPERIMENTAL  RESULTS 

Experimental  data  illustrating  the  statements  made 
in  the  preceding  paragraphs  were  obtained  by  passing 
single-phase  current  through  an  induction  motor  prim- 
nrv-,  determining  the  flux  distribution  by  an  exploring 
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FIG.    7 — FIELD  FORMS    WITH   PHASE   C  AND  ONE  GROUP  IN   PHASE   C 
REVERSED 
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coil,  and   taking  simultaneous  readings  of  current   and 
\oltage. 

The  primary  used  was  part  of  a  30  hp,  25  cycle, 


one-half  that  impressed  on  .-IB.     The  phase  positions  of      400  volt,  three-phase  motor.  The  winding  has  four  poles 
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with  eight  coils  per  phase  per  pole,  or  96  coils  in  the 
complete  winding.  The  exploring  coil  was  the  primary 
coil  of  a  one  k.v.a.  shell  type  transformer  having  880 
turns.  The  leads  of  the  coil  were  connected  to  an  alter- 
nating-current voltmeter.  The  exploring  coil  was  moved 
around  the  core  and  the  voltage  across  the  coil  was  read 
for  each  position  of  the  coil. 

The  results  obtained  are  shown  by  the  curves  m 
Fisis.  4  to  10,  and  the  different  curves  illustrating  the 
effect  on  the  held  form  of  different  mistakes  in  the 
winding.  The  curves  were  plotted  with  volts  in  the  ex- 
ploring coil  as  ordinates  and  positions  of  the  exploring 
coil  as  abscissae.  The  vertical  dash  lines  represent  the 
position  of  the  maximum  flux  with  a  correct  winding. 


should  be  maximum.  Therefore  what  has  to  be  done  is 
to  locate  the  position  of  the  maximum  flux,  or  poles, 
for  the  correct  winding  and  by  means  of  the  exploring 
coil  determine  if  any  of  these  points  are  zero.  The  poles 
for  the  correct  winding  can  be  laid  oft'  from  the  known 
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FIG.    8 — FIELl;    FORiM.S    WITH    I'H.XSE    B    .\ND   0.\E   (JRCUP    I.N    PHASE    C 
REVERSED 
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WITH     TWO    ADJACENT    GROUPS      {B     AND     C) 


location  of  the  groups  of  the  three  phases  and  this  can 
be  checked  by  the  exploring  coil  when  two  of  the  phases 
are  shown  to  be  correct  by  the  current  and  voltage  read- 
ings. When  the  current  and  voltage  readings  show 
faults  to  exist  in  two  or  three  phases,  the  correct  loca- 


TESTS 

The  current  and  voltage  readings  will  indicate 
whether  the  winding  is  correct  or  otherwise  and  if  the 
winding  is  incorrect,  will  give  some  idea  of  the  nature 
of  the  trouble.  If  there  is  a  slight  difference  in  the  three 
currents  it  will  usually  indicate  a  coil  taken  from  one 
group  and  added  to  the  adjacent  group.  This  can  be 
verified  by  counting  the  stubs  in  each  group.  A  reversed 
phase  is  indicated  by  the  widely  differing  curreiits,  and 
by  the  voltages  between  the  free  terminal  and  the  two 
others.  A  reversed  group  is  indicated  by  similar,  but 
less  marked  characteristics. 

The  voltage  and  current  readings  wilL  indicate  the 
presence  of  trouble.  If  the  error  cannot  be  determined 
by  inspection,  the  exploring  coil  will  definitely  deter- 
mine the  nature  of  the  trouble,  and  locate  the  groups  in 
which  it  exists.  The  curves  show  that  the  effect  of  a 
reversed   group   is   to   produce   zero   flux   where   there 


FIG.IO — FIELD  FORMS   WITH   TWO   NON-ADJACENT  GROUPS   OF   DIFFER- 
ENT PHASES    {B  AND  C)    REVERSED 

tion  of  the  poles  can  be  checked  by  taking  the  complete 
ilux  distribution  curve  for  one  connection  to  the  supply 
circuit. 

In  order  to  determine  if  successive  poles  are  op- 
posite it  will  be  necessary  to  have  two  identical  explor- 
ing coils,  one  opposite  each.pole  and  connected  in  series. 
When  the  poles  are  opposite  the  voltage  across  the  two 
coils  will  be  zero. 


Electric  ^iLlevators 

H.  D.  James 


ELECTRIC  elevators  are  used  in  a  wide  range  of 
service  conditions.  The  simplest  form  of  elevator 
mechanism  consists  of  a  driving  sheave  operated 
from  a  countershaft  by  suitable  belting.  The  counter- 
shaft is  run  continuously  by  an  electric  motor  and  the 
elevator  is  operated  up  or  down  by  shifting  the  belts 
from  the  loose  pulley  to  either  the  forward  or  reverse 
operating  pulley.  The  elevator  is  brought  to  rest  by 
means  of  a  mechanical  brake  connected  to  the  belt  shift- 
ing mechanism.  These  elevators  usually  lift  from  looo 
to  2000  lbs,  at  50  feet  per  minute. 

The  next  advance  step  is  made  by  belting  the  motor 
to  the  drum  with  a  single  belt  and  securing  up  or  down 
operation  of  the  elevator  car  by  running  the  motor  in 
either  the  forward  or  reverse  direction.  These  two 
types  of  machines  are  used  only  for  slow-speed  freight 
service. 

A  more  substantial  machine  is  made  by  mounting 
the  motor  on  a  common  bed  plate  with  the  drum  and 
gearing,  thus  forming  a  self-contained  unit.  For  pas- 
senger service,  a  worm  gear  is  used.  The  gearing  con- 
sists of  either  a  single  wheel  with  ball  bearing  end 
thrusts  on  the  worm,  or  a  double  wheel  with  right  and 
left  worms.  The  latter  arrangement  is  usual  for  heavy 
loads.  This  type  of  machine  has  been  successfully  op- 
erated with  car  speeds  of  300  feet  per  minute  and  even 
higher. 

For  large  office  buildings,  hotels,  and  similar  appli- 
cations, car  speeds  from  450  to  600  feet  per  minute  are 
usual.  In  place  of  the  winding  drum,  a  grooved  wheel  is 
used,  the  drive  depending  upon  the  friction  between  the 
rope  and  the  wheel.  This  type  is  known  as  a  "traction 
elevator  machine."  The  rope  connection  between  the 
car  and  the  machine  may  be  arranged  for  a  i  :i  gearing, 
in  which  case,  the  car  travels  at  the  same  speed  as  the 
circumference  of  the  driving  sheave.  Another  form  has 
a  rope  connection,  which  gives  a  car  speed  equal  to  one 
half  the  peripheral  speed  of  the  driving  sheave.  This  is 
known  as  "2:1  traction".  In  some  cases,  the  driving 
sheave  is  mounted  directly  on  the  motor  shaft  and  a 
slow-speed  nioior  is  used,  operating  from  30  to  60 
revolutions  per  minute.  Another  form  has  herring-bone 
or  worm  gears  between  the  motor  shaft  and  the  driving 
sheave.  This  is  known  as  a  "gear  type  traction  ma- 
chine". 

For  freight  service,  where  the  loads  are  heavy  and 
high  speeds  are  not  necessar}',  a  drum  machine  having 
a  combination  of  worm  and  spur  gearing  is  used.  A 
pinion  is  mounted  on  the  worm  wheel  shaft  and  meshes 
with  an  internal  gear  bolted  to  the  end  of  the  drum. 
This  gives  extra  lifting  power  at  a  slower  speed,  but  the 
spur  gearing  causes  the  machine  to  run  less  smoothly 
than  a  straight  worm  gear  drive. 


The  smooth  running  of  the  car  is  alTected  by  a 
number  of  conditions.  The  car  travels  on  two  guide 
rails  mounted  vertically  in  tlie  shaft.  Any  irregularities 
in  these  rails  will  be  felt  in  the  car.  The  guide  shoes 
mounted  on  the  car  must  have  flexibility,  in  order  to 
take  up  the  lost  motion  and  at  the  same  time,  not  cause 
undue  friction.  A  poor  adjustment  of  these  guide  shoes 
will  often  cause  a  swaying  or  rattling  of  the  car.  Im- 
properly adjusted  shoes  or  gritty  rails  may  cause  a  dis- 
agreeable scraping  sound.  Gearing  when  used  should  be 
very  smooth  in  operation  and  have  little  or  no  back  lash. 
The  effect  of  a  rough  worm  wheel  or  bad  end  thrust 
bearings  can  readily  be  felt  by  a  passenger  in  the  car. 
Defects  of  this  kind  cause  tremors  or  vibrations,  which 
are  very  disagreeable. 

A  friction  brake  is  used  to  effect  the  final  stop  and 
to  hold  the  car  securely  at  the  landing.  Considerable 
skill  is  required  in  designing  this  brake  to  make  its  ac- 
tion soft  and  gradual. 

The  acceleration  and  retardation  or  deceleration  of 
the  car  depend  largely  upon  the  controller,  although  it  is 
essential  that  the  electric  motors  have  proper  character- 
istics. The  passengers  notice  the  rate  of  change  of 
acceleration  more  than  the  acceleration  itself.  There- 
fore a  controller  should  be  designed  so  that  the  rate  of 
acceleration  will  not  be  changed  abruptly,  either  in  start- 
ing or  stopping  the  car. 

Usually  the  motor  is  started  with  resistance  in  the 
armature  circuit.  This  resistance  is  short-circuited  in 
steps,  finally  bringing  the  motor  to  full  speed.  The  steps 
of  resistance  have  a  finite  value  and  therefore  each  step 
represents  a  change  in  the  rate  of  acceleration,  which 
has  a  tendency  to  be  abrupt.  The  design  of  the  motor 
and  control  should  be  so  adjusted  that  these  abrupt 
changes  in  the  torque  of  the  motor  will  be  minimized. 
This  adjustment  is  improved  by  having  a  motor  that 
does  not  respond  too  quickly  to  a  change  in  impressed 
voltage,  and  by  providing  a  considerable  number  of 
steps  in  the  starting  resistance.  The  change  in  the 
amount  of  this  resistance  is  usually  controlled  automati- 
cally, in  which  case  the  switch  in  the  car  determines  the 
amount  of  resistance  which  may  be  cut  out,  but  the 
automatic  arrangement  in  the  controller  fixes  the  rate 
at  which  the  resistance  is  .short-circuited. 

Where 'an  adjustable  speed  motor  is  used,  the 
changes  in  field  strength  must  be  effected  gradually. 
This  is  to  a  certain  extent  an  inherent  characteristic  of 
the  motor.  In  some  cases,  however,  it  must  be  assisted 
by  automatic  means  embodied  in  the  controller. 

Counterbalances  are  used  having  sufficient  weight 
to  compensate  for  the  weight  of  the  car  and  a  part  of 
the  load.  The  object  of  this  counterbalance  is  to  reduce 
the  work  done  by  the  motor  in  moving  the  car  from  one 
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landing  to  another.  The  counterweight  is  connected  to 
the  winding  drum  in  the  reverse  direction  from  the 
hdistinir  ropes,  so  that  when  the  hoisting  rope  is  wound 

uj),  the  counterbal- 
ance rope  is  un- 
wound and  vice 
:'crsa.  If  the  load 
in  the  car  is  such 
as  to  just  equal  the 
count  erbalance, 
t  h  e  motor  over- 
c  o  ni  e  s  friction 
only.  If  the  car  is 
at  the  top  of  the 
runway  and  a  load 
in  excess  of  the 
counterbalance  i  s 
placed  in  the  car, 
the  car  drives  the 
winding  drum,  due 
to  its  excess 
weight,  and  causes 
the  motor  to  oper- 
ate as  a  generator. 
The  same  condi- 
tion is  obtained  if 
t  h  e  car  is  at  the 
bottom  of  the  run- 
way, and  starts  up 
with  a  very  light 
load.  The  counter- 
balance in  this  case 
being  heavier  than 
the  car,  drives  the 
motor  as  a  genera- 
tor. 

The     elevator 
is     "overbalanced" 
to  limit  the  maxi- 
m  u  m     current 
drawn    from     the 
power  line.    If  the 
The  rope  passes  from  the  top  of  the    over  balance     i  s 
car   around   the    traction    drum   on   the    equal  to  half  of  the 
hoisting  engine  and  thence  to  a  counter-  .  1      rl  tl 

weight  running  on  a  pair  of  guides  at  tnaximum  load  tlie 
the  rear  of  the  hatchway.  Another  set  car  is  required  to 
of  cables  runs  from  the  bottom  of  the  ...  .  .  ,  . 
counterweight  to  the  bottom  of  the  car.  ''",  it  IS  ObViOUS 
These  cables  are  used  for  counterbal-  that  the  motor 
ancing  purposes  only  and  do  not  carry  ,  1      1     ir 

any  of  the  load.  The  controller  is  shown  "ced  be  only  halt 
at  the  right  of  the  motor,  both  motor  tljg  5i2e  that  would 
and    control    being    located    above    the    ,  .       ,     .. 

hatchway.  Along  the  side  of  the  runway  be  required  it  no 
for  the  car  at  both  the  top  and  bottom  overbalance  were 
are     shown     three     limit     switches     for 

bringing  the  car  to  rest  automatically  ^ised.  A  somewhat 
at  either  limit  of  travel.  On  the  bottom  larger  m  O  to  r  is 
of   the  hatchway  is  shown  an  oil   buffer 

to  stop  the  car  in  case  it  should  creep  generally  selected 
beyond  the  usual  limits  of  travel.  ^nd      the     Overbal- 

ance reduced  to  equal  half  of  the  average  load,  which  is 
from  30  to  40  percent  of  the  maximum  load. 

The  over-counterbalance  of  the  car  weight  causes 


the  motor  to  operate  part  of  the  time  as  a  motor  and 
part  of  the  time  as  a  generator.  This  generator  action 
may  occur  either  with  the  car  ascending  or  descending, 
depending  upon  the  loading.  It  complicates  the  control- 
ler problem  materially.  If  the  controller  is  adjusted  to 
accelerate  with  the  maximum  positive  load  on  the 
motor,  it  will  have  a  tendency  to  jerk  the  car  when  ac- 


FIG.    I — COMPLETE  ELE\  ATOK    EQUIPMENT 


FIG.   2 — A    VVORM-GE.'VR   DRUM-TYPE  ELEVATOR   MACHINE 

Located  in  the  basement  and  set  back  from  the  hatchway  so 
that  the  car  and  counterweight  ropes  pass  around  the  two  idler 
shafts  shown.  They  are  technically  known  as  vibrating  sheaves 
because  they  travel  to  the  right  or  left  along  their  shaft  as  the 
rope  winds  on  or  off  the  drum.  To  the  right  of  the  machine  is 
shown  a  rope  wheel,  which  is  operated  from  the  car  by  means 
of  a  lever  or  wheel.  This  rope  wheel  operates  the  reverse  switch 
back  of  the  large  gear,  which  connects  the  motor  to  the  line 
through  the  magnetic  contactor  shown  next  to  the  drum.  The 
motor  is  of  the  squirrel  cage  induction-type,  which  can  be  con- 
nected directly  to  the  line.  The  friction  brake  is  located  be- 
tween the  motor  and  the  worm  gearing,  and  consists  of  a  wheel 
with  two  shoes,  which  are  pressed  against  the  wheel 
by  coil  springs  and  released  by  the  polyphase  brake  magnet 
shown  above  the  brake. 

celerating  with  the  ma.xinium  negative  load.  In  stop- 
ping a  car,  the  same  conditions  hold,  so  that  a  great  deal 
of  care  must  be  exercised  where  high-speed  cars  are 
used.  If  the  speed  of  a  car  is  100  to  150  feet  per  minute, 
the  change  in  rate  of  acceleration  between  positive  and 
negative  values  of  loading  is  not  very  pronounced.  If, 
however,  the  car  speed  is  600  feet  per  minute  a  marked 
difference  may  be  noticed. 


3 '4 
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In  order  to  obtain  slow  speed  for  making  landings, 
resistance  is  used  both  in  series  with  the  armature  and 
in  shunt  with  the  armature.*  This  gives  a  positive  slow 
speed,  even  with  negative  loading,  the  speed  of  cotn-se, 
being  faster  with  a  negative  load  than  with  a  positive 
load.  For  high-speed  service,  several  speed  points  are 
provided  on  the  master  switch  so  that  tlie  speed  in  mak- 
ing the  landing  can  be  adjusted  to  suit  the  loading  of  a 
car.  In  stopping,  this  resistance  in  shunt  with  the  arma- 
ture is  used  for  d3'namic  braking.  In  addition  to  this 
armature  shunt  resistance,  a  second  or  emergency  re- 
sistance is  frequently  used,  so  that  should  an  open  cir- 
cuit occur  in  either  resistor,  at  least  one  resistor  would 
be  available  for  dynamic  braking.  Sometimes  both  re- 
sistors are  used  each  time  the  master  switch  is  placed 


FIG.    3 — UIUF.CT-CURKENT    MOTOR    DRIVING    AN    ELEVATOR    EQUIPMENT 

The  controller  is'  mounted  directly  above  the  motor  and 
is  used  in  connection  with  a  reverse  switch  which  is  mounted 
above  the  brake  and  operated  bv  the  rack  and  gear  shown  on 
the  left.  The  device  projecting  from  the  machine  on  an  exten- 
sion of  the  drum  shaft  is  the  stop-motion  gearing,  for  return- 
ing the  controller  to  the  ofiE  position  and  applying  the  friction 
brake  automatically  at  either  limit  of  travel. 

in  the  off  position.  If  a  car  is  descending  with  the  maxi- 
mum load  at  full  speed  and  the  operator  throws  the 
riaster  switch  quickly  to  the  off  position,  the  stopping 

if  the  car  can  usually  be  felt  by  the  passengers.  Often 
perceptible  bump,  or    sometimes  a  series    of  bumps, 

ccur  due  to  sudden  changes  in  the  rate  of  deceleration. 

V  good  operator,  however,  moves  his  switch  lever 
L^radually  so  as  to  give  a  smooth  control.  To  a  certain 
extent,  this  same  thing  is  noticeable  in  the  handling  of 
railroad  trains,  street  cars,  etc.,  where  the  engineer  or 
motorman  may  jerk  his  train  or  car  very  badly  if  he  is 
careless  in  starting  or  stopping.  The  skilled  operator 
will  bring  his  car  flush  with  the  landing  almost  every 
time.  It  is  the  abrupt  jerking  of  the  car  back  and  fortli 


lo  make  a  landing  that  is  disagreeable  to  the  passengers 
and  indicates  an  unskillful  operator. 

An  elevator  car  has  a  limited  travel  in  either  direc- 
lion.  Downward,  it  is  the  bottom  of  the  pit  and  upward, 
it  is  the  sheave  beams.  It  is  therefore  very  important 
that  the  car  be  brought  to  a  positive  stop  at  the  top  and 


FIG.   4 — GEARED    TRACTION-TYPE    ELEVATOR  ■MACHiNr 

The  reverse  switches,  as  well  as  the  remainder  of  the  con- 
trol, are  operated  electrically.  There  is  no  stop-motion  gearing 
nn  this  machine,  as  this  form  of  limit  stop  is  not  used  on  trac- 
tion-type machines. 

bottom  landings.  As  a  matter  of  .safety,  both  stops  must 
be  independent  of  the  operator.  There  are  various  ways 
of  doing  this.  Where  the  ropes  a7e  wound  on  a  drum,  a 
mechanical  attachment  known  as  the  "stop  motion  gear- 
ing", is  provided,  usually  on  an  extension  on  the  drum 
shaft.  This  gearing  operates  the  controller  and  sets  the 
brake  at  either  limit  of  travel.  For  high  speed  cars,  sev- 
eral slow-down  steps  are  provided  before  the  final  stop 
is  made.  As  the  speed  of  the  car  decreases,  fewer  slow- 
down steps  are  required,  and  for  slow-speed  passenger 
and  freight  cars,  only  one  step  is  used.  This  method  is 


*As  explained  in  the  Journal  for  April,  1917,  p.  151. 


FIG.    5 — .\  iVPE    MACHINE 

Operated  by  a  two-speed  wound-secondary  induction  motor. 
The  friction  brake  is  released  by  an  alternating-current  magnet 
and  the  controller,  shown  in  Fig.  6,  is  actuated  entirely  by 
magnets. 

known  as  a  "machine  limit  stop"  because  it  is  driven  by 
the  winding  machine. 

Another  device,  known  as  the  "hatchway  limit" 
consists  of  one  or  more  small  switches  placed  in  the 
hatchway  and  arranged  to  be  operated  by  the  car  in  pass- 
ing.    These   switches  are  arranged   at  either  limit  of 
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travel  and  can  give  both  slow  down  and  stop  when  re- 
quired. For  traction  machines,  where  the  rope  is  not 
positively  attached  to  the  machine,  as  in  a  winding 
drum,  the  machine  limit  stops  are  not  safe  or  satisfac- 
tory, so  that 
hatchway  limit 
stops  are  used; 
a  limit  switch 
attached  to  the 
car  is  also  used. 
A  traction 
drive  for  an  ele- 
vator car  is  in- 
herently safer 
than  a  drum,  be- 
cause the  car  or 
counterweight, 
(in  reaching  the 
bottom  of  its 
I  ravel  takes 
most  of  the  ten- 
sion off  the  ropes 
and  allows  them 
to  slip  o  n  the 
driving  sheave, 
pre  venting  a  fur- 
ther   movement 


Irol  apparatus  on  a  large  scale  and  practically  all  of  the 
fundamental  problems  involved  in  control  apparatus 
find  their  origin  in  these  two  applications,  one  in  the 
railway  field  and  the  other  in  the  industrial  field.  With 
the  elevator  may  be  included  skip  hoists  and  mine  hoists, 
w'hich  have  closely  related  problems.  Next  to  the  ele- 
vator or  hoisting  problem  is  the  application  of  control 
apparatus  in  the  steel  mills,  both  for  the  main  drive  and 
lor  auxiliary  apparatus.  This  field  has  been  fruitful  in 


FIG.    6 — FULL     MAGNETIC     CONTROLLER     FOR     , 
.      TWO-SPEED   ALTERN.XTING-CUKKENT    MOTOR 

Four  two-pole  contactors  are  connected  of  either  car   or 

to  the  primary  of  the  motor.  The  two  con-  „„,,„t-„rwM>ht 

tactors  at  the  left,  connected  by  mechanical  counterweignt. 

interlocks,  determine  the  direction  of  rota-  Oil    buffers     are 

tion.     The  remaining  Iwo  contactors  in  the  „_r,„:fi„,i        f  ri  r 

bottom  row  connect  the  line  wires  to  either  proviueu        1  o  r 

the  high-speed  or  low-speed  primary  wind-  cushioning    the 

ing.  The  other  contactors  are  used  for  con-  .  .        t   f  u 

trolling  the    resistors  in  tlie  secondary    cir-  inipact    at  t  n  e 

cuit  of  the  motor.  limits  of  travel. 

There  is  no  single  book  or  publication  on  the  elec- 
tric elevator  which  gives  a  broad  conception  of  the  prob- 
lems involved,  but  quite  a  number  of  articles  have  been 
published.*  The  subject  is  a  broad  one  and  has  been 
treated  extensively.  The  electric  elevator  and  the  trolley 
car  were  the  two  earliest  applications  of  automatic  con- 


m  y — rm  k  i  wurM  \\o<m-geak  elevator  machines 
Driven  by  direct-current  motors.  These  machines  are 
located  above  the  hatchway,  which  is  the  preferable  arrange- 
ment for  an  electrical  machine.  The  tandem  gearing  is  used  for 
heavy  loads.  The  two  gear  wheels  mesh  together  and  are  actu- 
ated by  right  and  left  worms.  This  arrangement  takes  up  all 
end  thrust  upon  the  worm  shaft  and  is  a  very  substantial  con- 
struction. 

developing  industrial  control  apparatus  and  its  severe 
requirements  have  done  much  towards  increasing  the 
reliability  of  the  magnetic  contactor  and  in  simplifying 
die  controller  as  a  whole. 


*In  the  Journal  for  December,  1914,  p.  677,  the  author 
analyzed  the  elevator  control  problem.  In  the  Journal  for 
May,  1915,  p.  igs,  Messrs.  Brunt  and  Keith  described  the  gear- 
less  traction  elevator.  Additional  information  can  be  obtained 
from  the  Journal  of  the  American  Society  of  Mechanical  En- 
gineers, June  191S,  p-  309,  in  which  Mr.  David  Lindquist,  chief 
engineer  of  the  Otis  Elevator  Co.,  described  the  gearless  trac- 
tion elevator.  Following  this  paper  is  a  discussion,  especially 
that  by  Messrs.  Gurney  and  Galloway,  p.  327,  which  throws  con- 
siderable light  upon  this  problem.  In  this  discussion,  the  merits 
of  the  gearless  or  i  :  l  traction  elevator  are  compared  with 
2   :  I  traction  elevator  and  the  geared  traction  machine. 


The  Effect  of   Notches  in    the   Main  Poles  of 
Small    Direct-Current    Generators 

As  it  is  frequently  advisable  to  use  strong  armature  fields 
and  short  air-gaps  in  small  direct-current  generators,  it  some- 
times becomes  necessary  to  resort  to  a  special  construction  to 
make  the  performance  of  the  machine  meet  some  rigid 
guarantee.  One  method  of  accomplishing  this  result  is  to  cut 
out  or  notch  the  iron  in  the  body  of  the  main  pole  of  direct- 
current  compound-wound  generators,  as  shown  in  Fig.  1,  to 
keep  the  regulation  curve  within  certain  limits.  The  same 
result  could  be  accomplished  by  making  the  body  of  the  main 
pole    smaller,    as    shown   by   the   dotted    lines,    but    this   would 


require  specially  shaped  field  coils  or  some  filler  on  the  sides 
of  the  poles  so  that  the  standard  size  coils  used  for  other  com- 
binations, would  not  be  loose  on  the  poles. 

By  thus  cutting  out  or  notching  the  iron  of  the  main-pole 
body,  the  remaining  iron  becomes  more  saturated  and  the 
saturation  curve  of  the  machine  bends  over  much  more  than 
without  the  notches.  Curves  of  the  same  machine  with  and 
without  the  notched  poles.  Fig.  3,  show  that  a  machine  with 
the  notched  poles  is  more  nearly  saturated  at  full-load.  If 
the  generator  is  operating  between  118  volts  no-load,  and  125 
volts  full-load,  its  operating  range  is  on  a  more  saturated  part 
of  the  curve.  This  requires  more  ampere-turns  in  both  the 
shunt  and  series  field  as  shown  by  the  points  a,  a',  b,  b' ,  Fig. 
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3,  which   are  the   total   ampere-turns   required   at   no-load   and 
full-load  respectively. 

Not  only  does  the  notch  cause  the  machine  to  work  on  a 
flatter  part  of  the  saturation  curve  but  on  a  part  having  less 
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The   regulation  curves   for  the   same  machines  are   shown 


in  Fig.  2.  The  half-load  saturation  curve  is  very  close  to  the 
no-load  saturation  curve  and  the  shunt-field  increases  as  the 
voltage  increases,  causing  the  voltage  to  increase  still  more. 
These  two  conditions  help  to  magnify  the  effect  of  the  curva- 
ture of  the  saturation  curve  on  the  regulation  and  make  it  all 
the  more  necessaiy  to  work  on  a  flat  part  of  the  saturation, 
where  there  is  practically  no  curvature. 

While    the   advantage    of    giving   a    fairly    flat    regulation 
curve  and  thus  giving  a  fairly  constant  voltage  on  the  line  for 
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curvature  between  the  working  points,  i.  e.,  the  saturation 
curve  is  more  nearly  a  straight  line  between  the  no-load  and 
full-load  points.  The  straighter  and  flatter  this  part  of  the 
curve  is,  the  more  gradual  will  be  the  rise  in  voltage  as  the 
load  varies  from  no-load  to  full-load,  instead  of  increasing 
very  rapidly  from  no-load  to  one-fourth  or  one-half  load  and 
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FIG.   2 — REGULATION   CURVES 

A — Calculated  curve — straight  poles. 

B — Calculated  curve — notched  poles. 

C— Test  curve — notched  poles, 
not  increasing  or  dropping  from  that  point  to  full-load  as  is 
the  case  where  the  machine  works  on  that  part  of  the  curve 
having  considerable  curvature  or  which  is  very  steep  between 
the  no-load  and  full-load  points  of  the  curve. 


FIG.    3 — SATURATION   CURVES 

A,  B,  C— Without   notches;  A,'  B,'  C— With   notches;  A, 
A'— no  load;  B,  B'— half  load,  and  C,  C— full-load. 

any  load  is  great,  the  disadvantage  is  that  the  machine  is  more 
expensive  to  build  because  it  requires  more  field  copper,  or  it 
is  less  efficient  because  it  requires  more  field  current.  The 
maximum  voltage  obtainable  from  a  given  excitation  is  much 
lower  and  the  voltage  does  not  respond  as  quickly  to  changes 
in  the  field  current,  as  it  requires  a  much  greater  change  in 
such  field  current  to  produce  the  same  change  in  voltage. 

C.    O.    SCHOOLEY. 


ONLY  WARD  LEONARD  V^'i!?^!^^'' 

Are  Worthy  Resistance  Units. 


Porcelain  tube, 
feci  insuloti( 

(Iroundingimpo 
I.ighl  in  weight. 


Practicall:  zero  tempera- 
ture coefficient  wire.  Tested 
by  us  at  the  temperature  of 
1400"  F.  for  structural  chan- 
ges before  final  test.  Perma- 
nent—unchangeable by  age. 


Joint  between  fine  wire 
resistance  and  heavy  ter- 
minal lead  mafle  while 
parts  arc  clean  and  bright, 
under  high  pressure— then 
sealed  in  enamel  at  high 
temperature. 


treous 
best  insulation  known. 
The  entire  unit  is  "sealed" 
i"  enamel  insuring  against 
electrical,  mechanical  and 
chen  ical  depreciation. 


A  good  lest  is  to  drop 
ink  on  the  .surface  of 
the  unit.  It  will  act  as 
if  ink  had  been  drop- 
ped on  glass.  The 
moisture  will  not  get 
into  resistance  wire. 


Rugged,  permanent,  compact,  practically  non- 
inductive.    Any  resistance  or  capacity  desired. 

Ward  Leonard  resistance  units  give  continous  and 
reliable  service  at  no  maintenance  cost. 


We  will  gladly  send  you  a  sample  unit  gratis. 
Write  us  8  words- 
"Send  me  a  sample  vitreous  enamel 
resistance  unit." 


Weslburg  Engineering  Co., 
Wm.  Miller  Tompkins  - 
Electrical  Material  Co.,     - 


Chicago 
-  Philadelphia 
San  Francisco 


Ward  Leonan 


'''ectric  Company 

",T~ 


Morse  Engineering  Co.,    - 
The  Waller  P.  Ambjs  Co., 
Sperry  &  Billner,     - 
Eleclrical  Specialties  Co., 


St.  Louis 
Cleveland 
Piltsburgh 
-     Detroit 
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The    purpose    of    this    section    is    to    present       The   co  -  operation    of    all    those    interes 

accepted  practical  methods  used  by  operating        operating  and  maintaining  railway  equ 

companies   throughout    the    country.  is   invited.      Address  R.   O.   D.   Ed 


terested    in 
pment 


DECEMBER 
1917 


Saturation  of  Motor  Bearing  Waste 


The  most  common  method  of  lubricating  the  bearings  of  a 
railway  motor  and  the  car  journals  is  by  means  of  oil  and 
waste.  To  get  the  best  results,  the  waste  should  be  well  satu- 
rated before  it  is  packed  in  the  oil  wells.  This  is  done  by  soak- 
ing the  waste  for  a  certain  definite  time  in  oil  and  then  setting 
it  aside  to  drain. 

MATERIALS 

The  materials  used  for  this  work  should  be  a  clean,  long 
fibre  wool  waste  and  a  good  reliable  grade  of  neutral  mineral 
■car  oil.  Such  waste  will  absorb  about  four  times  its  weight  of 
mineral  oil. 

METHOD  OF  HANDLING 

The  waste  is  placed  in  a  closed  can  or  tank  of  oil  of  the 
-same  grade  as  used  to  lubricate  the  bearings  and  left  to  soak 
^or  at  least  twenty-four  hours.  During  this  process,  some  com- 
panies apply  heat,  thus  reducing  the  time  required  to  saturate 
<he  waste.    The  waste  is  then  lifted  out  of  the  oil  and  placed 


FIG.    I — WASTE     SATUEATIXC     TANK     FOR     RAILWAY     CAR     JOURNAL 
LUBRICATION 

■on  a  screen  or  grid  and  left  to  drain  until  all  excess  or  extra 
oil  has  dripped  off.  This  draining  takes  about  twenty-four 
■hours,  after  which  the  saturated  waste  is  placed  in  closed  cans 
ready  to  be  packed  in  the  oil  wells. 

APPARATUS 

A  very  convenient  and  efficient  tank,  designed  for  doing  this 
■work,  is  shown  in  Fig.  i.  The  dry  waste  is  placed  in  sections 
I,  2  and  3,  and  the  fresh  oil  in  section  5.  By  means  of  the 
■pump  on  top  of  tank,  the  oil  from  section  5  is  lifted  into 
-chambers  i,  2  and  3,  which  are  filled  with  waste.  After  the 
waste  is  thoroughly    soaked  for  twenty-four    hours,  the  oil  is 


drained  back  into  tank  5,  from  which  it  is  used  again.  About 
twenty-four  hours  after  the  oil  is  drained  off,  the  waste  is 
ready  for  use.  Chambers  4  and  6  are  used  to  re-saturate  old 
waste  and  the  oil  used  for  this  work  is  kept  separate  from  the 
new  oil.  Large  cleanout  plugs  are  provided  for  both  oil  cham- 
bers, which  are  also  fitted  with  float  gauges  to  indicate  the 
amount  of  oil  in  them. 

A  very  simple  and  cheap  tank  can  be  made  up  with  one  or 
moie  chambers,  having  a  screen  or  grid  shelf  about  half  way 
down,  on  which  waste  is  placed  to  drain  after  being  saturated. 
The  dry  waste  is  placed  in  a  wire  basket  and  immersed  in  the 
oil  contained  in  the  lower  half  of  the  tank.  AVhen  thoroughly 
soaked,  lift  the  basket  onto  the  shelf  and  allow  the  oil  to  drain 
off. 

SPECIAL  APPARATUS 

One  large  railway  company  has  a  very  successful  tank  in 
operation    which    supplies    waste    for    their    1600    cars;    this  is 
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no.    2 — .\E-;\'    AND    OIJl    WASTE    SATLKATlXl,    TANKS    IN    OPERATION 

sliown  in  Fig.  2.  This  system  consists  of  two  tanks,  approxi- 
mately three  feet  wide,  four  feet  long  and  two  feet  deep,  with 
drain  boards  on  either  end.  New  w^aste  is  used  in  one  tank 
for  use  in  armature  bearings  and  old  waste  for  use  in  axle  bear- 
ings and  journal  boxes  is  used  in  the  other  tank.  The  tanki 
are  built  of  double  wall  construction,  such  that  a  hot  water 
jacket  can  be  used  to  keep  the  oil  at  an  even  temperature  of  ap- 
proximately 120  degrees  F.  Each  tank  holds  about  75  gallons 
of  oil  and  iio  pounds  of  waste.  The  waste  is  left  in  the  tanks 
three  hours,  after  which  it  is  removed  and  placed  upon  the  drain 
board  several  hours  until  ready  to  be  placed  in  containers  for 
transportation  to  one  of  the  car  barns. 
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1537 — CoNST.\NT  Current  Transform- 
ers— According  to  instruction  books, 
the  coils  of  constant-current  trans- 
formers should  be  at  the  point  of 
maximum  separation  at  the  moment 
of  energizing  them.  It  is  proposed 
to  control  a  series  incandescent  cir- 
cuit by  means  of  an  oil  type  time 
switch.  Would  it  be  permissible  to 
do  this  and  to  allow  the  transformer 
to  be  energized  when  the  coils  have 
minimum  separation?  If  this  cannot 
be  done  it  will  be  necessary  to  hook 
up  the  counterweight  arm  each  day 
and  it  is  noticed  that  the  arm  does 
not  always  release  automatically 
when   the   transformer  is   energized. 

W.L.F.    (canal  zone). 

The  scheme  of  starting  constant- 
current  regulators  with  the  coils  at 
maximum  separation  is  due  to  their 
being  used  with  arc  lamps,  since  it 
prevents  the  current  from  rising  above 
normal  and  is  therefore  less  liable  to 
injure  the  mechanism  of  arc  lamps  than 
would  be  the  case  if  started  with  the 
coils  at  their  maximum  separation. 
Where  incandescent  lamps  only  are 
used,  there  is  no  harm  in  starting  with 
the  coils  close  together,  if  approxi- 
mately full  load  is  connected  to  the 
regulator.  If  the  regulator  is  loaded 
to  less  than  three-fourths  its  capacity, 
the  resultant  surge  of  current  may  be 
sufficient  to  throw  the  coils  violently 
against  the  transformer  frame,  which, 
if  repeated  continually,  might  result  in 
mechanical  injury.  In  this  case  a  block 
of  wood  can  be  placed  between  the 
coils  to  prevent  them  from  coming 
nearer  together  than  is  necessary  for 
ordinary  regulation  and  thereby_  re- 
duce the  mechanical  forces^  driving 
them  apart  when  the  circuit  is  closed. 
The  scheme  of  controlling  circuits  by 
means  of  a  time  switch  is  quite  gen- 
erally applied  and  is  perfectly  feasible, 
provided  the  regulator  is  loaded  to  near 
Its  capacity.  w.R.w. 

1538 — Depth  of  Armature  Slots— I 
desire  information  concerning  the 
relative  effects  of  imbedding  an  in- 
ductor on  an  armature  core  deep  in 
the  slot,  Fig.  (a)  and  placing  it  on 
the  peripheiy  of  the  core  as  shown 
in  Fig.  (b),  this  inductor  in  both 
cases  cutting  the  same  flux  at  the 
same  radial  speed.  Also,  will  there 
be  any  difference  in  e.m.f.  of  an  in- 
ductor (on  an  armature  core)  rotat- 
ing at  100  r.p.m.  at  a  radial  distance 
of  (i)  one  foot,  or  (2)  two  feet. 
As  I  understand  it,  the  inductor  in 
case  I  cuts  the  same  amount  of  flux 
in  the  same  time  as  it  does  in  case  2, 
although  the  radial  speed  in  case  / 
is  only  one  half  that  in  case  2, 
■which  to  me   seems   confusing. 

w.c.   (PA.) 
The     fundamental     principle    to     re- 
member  is   that   the   e.m.f.    induced   in 
an  inductor  is  proportional  to  the  rate 


of  cutting  of  magnetic  flux.  The  term 
"radial  speed"  used  in  the  second  part 
of  the  problem,  is  intended  to  mean 
linear  velocity.  The  two  inductors, 
one  on  the  peripherj'  and  the  other 
embedded  in  the  armatures  of  two 
different  machines,  as  shown  in  Figs, 
(a)  and  (b),  having  the  same  number 
of  poles  and  the  same  flux  per  pole, 
will  have  the  same  voltage  induced  in 


FIG.  1538  (a)  and  (b) 
them  if  they  have  the  same  angular 
velocities.  The  induced  e.m.f.  is  inde- 
pendent of  whether  or  not  the  itiduc- 
tors  are  embedded,  and  of  their  linear 
velocities.  Since  in  both  cases,  the 
total  flux  is  the  same,  the  induced 
e.m.f.  will  depend  upon  the  time  in 
which  this  flux  is  cut.  Hence  the  rate 
of  cutting,  and  likewise,  the  induced 
e.m.f.,  is  proportional  to  the  angular 
velocity  of  the  inductor.  For  example, 
if  one  machine  is  running  at  twice  the 
r.p.m.  of  the  other,  then  the  induced 
voltage  in  the  inductor  on  this  ma- 
chine will  be  twice  that  in  the  in- 
ductor on  the  other  machine,  as  the 
same  flux  will  be  cut  in  one  half  the 
time,  or,  in  other  words,  the  rate  of 
cutting  is  twice  as  great.  It  is  as- 
sumed that  there  is  no  leakage  of  flux 
across  the  armature  slots,  etc.  When 
the  two  inductors  are  on  the  same 
armature  core,  as  in  the  second  part 
of  the  problem,  the  voltage  induced  in 
them  will  be  the  same.  Then  the  volt- 
age induced  in  the  inductor  in  case  / 
will  be  the  same  as  that  induced  in  the 
inductor  in  case  2,  because  they  both 
cut  the  same  flux  in  the  same  length 
of  time.  As  pointed  out,  the  linear 
velocity  of  the  inductor  in  case  /  is 
only  one-half  of  that  in  case  2,  but  the 
flux  density  in  case  /  is  twice  that  in 
case  2,  sipce  the  same  flux  is  confined 
to  a  section  one-half  as  large.  Then  in 
case  I  the  inductor  is  cutting  flux  of 
double  density,  and  at  one-half  speed 
of  that  in  case  2.  Therefore,  the  rate 
of  cutting  flux,  and  hence  the  induced 
e.m.f.,  is  the  same  in  both  cases.  This 
same     conclusion     might     have     been 


drawn  from  the  discussion  in  the  first 
part  of  the  problem,  since  two  induc- 
tors on  the  same  armature  must  al- 
ways have  the  same  angular  velocitj'. 

M.W.S. 

i53(>^Scott  Connection  with  Odd 
Transformer — We  have  a  300  horse- 
power, two-phase  motor  wound  for 
2300  volts.  The  winding  is  such  that 
it  cannot  be  reconnected  for  three- 
phase,  and  our  system  is  only 
three-phase,  2300  volts.  The  problem 
is  to  use  standard  transformers  and 
use  only  two  of  them  and  get  a 
reasonably  balanced  two-phase  cir- 
cuit. Our  standard  transformers  are 
2200 — HOC  to  220 — no  volts  with  a 
five  percent  tap  on  each  end  of  the 
primary.  This  makes  it  possible  to 
make  an  approximate  Scott  connec- 
tion, but  it  would  give  us  two  phase 
at  220  volts  whereas  our  motor  is 
2300  volts.  I  have  been  studying 
the  possibility  of  using  the  Scott 
connection  with  the  two_  coils  of 
each  secondary  connected  in  parallel 
and  the  connections  to  the  motor  as 
shown  in  the  diagram  Fig.  (a).  It  is 
evident  that  phase  2  will  take  a  nor- 
mal current  without  reference  to  the 
transformer.  Phase  /  will  receive 
current  at  90  degrees  from  phase  2, 
but  the  compensating  effect  of  the 
ten  percent  tap  will  not  be  very 
great  and,  therefore,  ph«se  /  will 
not  secure  enough  current  to  bal- 
ance the  phases.  Unfortunately  the 
motor  will  be  pretty  well  loaded. 
Can  you  suggest  a  ■  better  scheme 
without  going  to  the  expenSe  of  us- 
ing   four    transformers? 

S.A.F.    (ALA.) 

The  scheme  of  connections  men- 
tioned is  probably  the  best  that  can  be 
produced  with  two  transformers.  This 
scheme  consists  of  the  connections 
shown  in  Fig.  (a).  This  connection 
uses  only  the  2300  volt  windings, 
therefore  it  makes  no  difference 
whether  the  low-voltage  windings  are 
connected  in  parallel  or  not.  The  cur- 
rent  in    the    transformer   windings    for 


(a)  (b) 

FIG.  iS39(a)  and  (b) 
this  connection  will  be  as  follows: 
Parts  marked  a  in  Fig.  (a)  will  carry 
the  total  current  for  one  phase  of  the 
motor.  Part  marked  b  will  carry  one- 
ninth  as  much  as  a  and  parts  c  and  a 
will  carry  45  percent  as  much  as  a. 
The  currents  in  c  and  d  flow  in  op- 
posite   direction    with    respect   to    each 
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other  and  will  produce  a  large  leakage 
magnetic  field,  resulting  in  high  react- 
ance, unless  windings  c  and  d  are  in- 
terlaced. It  this  high  reactance  exists, 
the  regulation  of  phase  /  will  be  rela- 
tively poor.  Somewhat  better  balanced 
voltages  can  be  obtained  by  placing  a 
third  transformer  in  phase  /  as  shown 
in  Fig.  (b,)  in  which  case  one  five  per- 
cent tap  is  used.  The  capacity  of  this 
third  transformer  should  be  the  same 
as  that  of  the  transformer  in  phase  /, 
Fig.   (a.l  J-F-P- 

1540  — Direct-Current    Motor     Wind- 
ings—(a)    'Referring     to     No.     1428 
regarding  an  eight-pole  machine,  with 
181   bars  and  181   coils,  could  the  de- 
sired change  of  speed  be  accomplished 
by    changing    the    present    two-circuit 
\vave  winding  to  a   four-circuit  wave 
winding.     That  is,  by  short-circuiting 
three  separate  and  di^stinct  bars  to  an 
adjacent   bar,   spaced' off  as   near   120 
degrees  as  possible,  also  disconnecting 
the   three   coils    from   the   bars    to   be 
short-circuited,  thus  making  a  178  bar 
commutator  and  a   178  coil   armature 
and  then  connecting  the  leads  to  bars 
I,    46,    91,    136    and    3    for    one    two- 
circuit    winding.     The    other    two-cir- 
cuit  winding   would   be   connected   to 
bars   2,  47,  92,  137  and  4.     Will  it   be 
necessary    for    the    brushes    to    touch 
tW'ice  as  many  bars  with  the  winding 
I  describe?     (b)  With  the  same  volt- 
age applied,  what_  results  will  be  ob- 
tained  in   regard   to   speed,   etc.,   with 
the   commutator   connected    from   bar 
I,    47.    93.    139    and    4?     How    many 
circuits  would  there  be  in  this  wind- 
ing? C..\.K.    (n.   Y.) 
(a)    The   commutator   connections   as 
stated   are    correct.     This   gives   a   pro- 
gressive   sandwich   winding   having   two 
separate   and   distinct   two-circuit  wind- 
ings arranged  in  parallel;   four  circuits 
in  all.     It  is  necessary  to  use  equalizers 
the     same     as     with     a     multiple     type. 
Three  dead  bars  and  coils  make  it  im- 
possible   to    obtain    symmetrical    points 


FIG.  1540(a) 

to  cross  connect,  so  this  combination  is 
not  to  be  recommended.  The  original 
winding  was  retrogressive  while  this 
combination  is  progressive,  thus  the 
direction  of  rotation  will  be  reversed. 
If  it  is  a  commutating-pole  machine, 
the  commutating  coil  connections  will 
necessarily  need  reversing.  Further, 
new  commutating  coils  with  fewer 
turns,  or  a  series-parallel  arrangement 
of  tjie  old  coils  will  be  necessary,  in 
order  to  insure  correct  adjustment  of 
the  commutating  poles.  This  change 
IS  necessary  since  the  series  conductors 
on  the  armature  between  brushes  have 
been  halved  by  reconnecting,  which 
calls  for  a  corresponding  reduction  of 
the  number  of  turns  on  the  commu- 
tating coil,  or  its  equivalent.  The 
simplest    expedient    is    to    parallel    the 


commutating  coils  in  groups  ol  two 
and  connect  the  four  groups  in  series. 
In  order  to  keep  the  commutation  con- 
dition as  nearly  the  same  as  possible, 
the  brush  width  should  not  be  changed. 
More  brushes  should  be  added  if  the 
commutator  length  will  accommodate 
them,  (b)  The  181  bar  commutator 
connected  i,  47,  93.  I39  and  4  gives  a 
progressive  triply  re-entrant  winding 
having  six  circuits;  this  differs  from 
the  sandwich  winding  in  that  it  does 
not  close  until  all  the  bars  are  used. 

H.L.S. 

1541 — Film  Cutouts — Have  film  cut- 
outs been  used  as  a  current  trans- 
former   (instrument)    protection? 

M.S.G.     (ARIZ.) 

So  far  as  we  know  film  cutouts  have 
never  been  used  as  protection  against 
open  circuit  of  instrument  trans- 
formers, although  they  could  un- 
doubtedlv  be  successfully  applied  if  de- 
sired.      '  W.R.W. 

1542 — Starting  Rotary  Convertlrs — 
In  the  "Electrical  World"  of  June  9, 
1917.  (P-  mo)  is  an  article  entitled 
"Starting  Rotary  Converters."  We 
would  like  a  complete  explanation  of 
the  theory  involved,  especially  why 
the  motor  end  of  the  converter  will 
be  in  phase  and  exact  synchronism 
and  why  the  polarity  of  the  direct- 
current  side  is  correct  when  the 
direct-current  brushes  are  connected 
to  the  slip-rings  of  the  induction 
motor.  M.J.I.    (DC.) 

The  method  of  starting  rotary  con- 
verters described  is  a  combination  of 
the  separate  induction  motor  and  the 
alternating-current  self-starting  method. 
In  the  case  of  the  separate  induction 
motor  method  alone,  the  starting  motor 
is  mounted  on  the  converter  shaft  and 
serves  to  bring  the  converter  up  to 
speed.  The  alternating-current  side  of 
the  converter  must  then  be  synchronized 
with  the  main  supply  circuit  before  the 
main  line  switches  are  closed.  With 
this  method  the  residual  magnetism  of 
the  field  poles  is  not  disturbed  and  the 
voltage  on  the  converter  builds  up  as 
in  a  shunt  generator,  consequently  the 
polarity  of  the  direct-current  brushes  is 
always  the  same. 

With  the  alternating-current  self- 
starting  method,  a  reduced  voltage  is 
applied  to  the  converter  collector  rings 
and  a  rotating  magnetomotive  force  is 
produced  in  the  armature  winding.  The 
dampers  on  the  field  poles  act  like  a 
"squirrel-cage"  winding  and  the  con- 
verter is  brought  up  to  speed  as  an  in- 
ducti6n  motor.  The  relative  speed  of 
rotation  of  the  rotating  armature  mag- 
netomotive force  with  respect  to  the 
stationary  field  poles  (or  the  direct- 
current  brushes)  is  equal  to  the  slip. 
Hence  in  coming  up  to  speed  the 
voltage  across  the  direct-current  brushes 
alternates  with  a  frequency  proportional 
to  the  slip.  The  field  poles  are  also 
magnetized  and  demagnetized  (due  to 
the  large  armature  current  required  to 
bring  the  armature  up  to  speed  quickly) 
at  a  rate  proportional  to  the  slip.  But 
as  the  converter  closely  approaches  syn- 
chronous speed  the  rate  of  magnetizing 
and  demagnetizing  the  field  poles  be- 
comes so  slow  that  within  the  time  the 
poles  are  magnetized  with  a  certain 
polarity  the  armature  is  dragged  into 
synchronism.  There  is  no  assurance, 
however,  that  the  polarity  of  the  direct- 
current    brushes    will    be    correct    when 


the  armature  comes  into  the  step  for, 
in  starting,  the  residual  magnetism  of 
the  poles  is  disturbed,  and  the  ultimate 
polarity  of  the  poles,  which  fixes  the 
brush  polarity,  is  determined  entirely 
by  the  polarity  of  the  armature  mag- 
netomotive force  under  the  pole  at  the 
instant  the  armature  is  pulled  into  step. 
For  the  polarity  of  the  terminals 
always  to  be  right  when  the  machine 
comes  into  step,  the  starting  current 
must  not  be  large  enough  to  disturb  the 
residual  magnetism  of  the  field  poles, 
and  usually  such  current  is  not  suffi- 
cient for  satisfactory  starting  and 
acceleration. 

In  the  case  of  the  combined  method 
of  starting  under  discussion,  an  in- 
duction motor  with  a  phase-wound 
secondary  and  the  same  number  of 
poles  as  the  rotary  converter  is  mounted 
on  the  converter  shaft.  With  the 
secondary  resistance  adjusted  to  give 
a  large  starting  torque  without  ex- 
cessive current,  the  induction  motor 
can  be  connected  to  the  alternating-cur- 
rent supply  mains.  The  slip  rings  of 
the  converter  can  be  connected  to  the 
supply  circuit  through  a  resistance 
sufficiently  large  to  limit  the  armature 
current  to  a  value  that  will  not  disturb 
the  residual  magnetism  of  the  field 
poles.  The  secondary  resistance  can 
then  be  gradually  cut  out  and  the  arma- 
ture will  be  brought  up  to  speed  by  the 
starting  motor,  with  the  rotary  con- 
verter operating  in  parallel  as  an  in- 
duction motor.  Since  the  frequency  of 
the  electromotive  force  across  the 
direct-current  terminals  is  the  same  as 
that  of  the  secondary  of  the  starting 
motor,  the  direct-current  terminals  can 
be  connected  to  the  secondary  slip  rings 
and  sufficient  additional  torque  can  be 
obtained  from  the  starting  motor  to 
bring  the  armature  nearly  up  to  syn- 
chronous speed.  The  slip  frequency 
will  be  so  low,  at  this  speed,  that  dur- 
ing the  time  of  one  alternation  approxi- 
mately direct-current  will  be  supplied 
to  the  secondary  of  the  starting  motor 
and  the  armature  will  be  pulled  into 
synchronism,  w'ith  the  rotary  converter 
and  the  starting  motor  both  running  as 
synchronous  motors.  Since  the  alter- 
nating-current side  of  the  converter  is 
electrically  connected  to  the  supply 
mains  from  the  start,  it  is  obvious  that 
the  circuits  will  always  have  the  proper 
phase  relations.  The  direct-current 
terminals  will  always  have  the  correct 
polarity,  for  the  starting  current  in  the 
converter  armature  is  kept  low  enough 
so  that  the  residual  magnetism  of  the 
field  poles  is   not  disturbed.  C.M.L. 

1543 — Rotary  Converters  in  Paraliel 
— What  will  happen  to  two  1000  lew, 
600  volt  rotary  converters  running  in 
parallel,  each  carrjing  1200  amperes, 
if  the  direct-current  circuit-breaker 
on  No.  I  rotary  converter  is  first 
opened,    then    the    alternating-current 


FIG.  1543(a) 

supply  disconnected.  Then,  instead 
of  opening  the  equalizer  on  No.  I 
converter,   the   equalizer  on  No.  2  be 
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opened  shortly  after  the  alternating- 
current  supply  has  been  switched  off 
No.  I.  Will  the  direct-current  load 
drop  off  of  No.  2  converter  alto- 
gether, or  will  nothing  at  all  happen 
to  the  load?  e.o.c.   (chid) 

In  Fig.  (a),  the  series  windings  only 
of  the  two  machines  are  shown.  M  M' 
and  N  N'  represent  the  series  turns  on 
the  commutating-poles  (when  used) 
and  on  the  main  poles  respectively.  It 
is  at  once  evident  that  the  result  is  the 
same  whether  the  equalizer  is  opened 
at  A  or  B;  machine  No.  2  assuming  the 
load  in  a  normal  manner.  L.R. 

1544 — Alternator  Voltage— A  50  k.v.a., 
three-phase,  60  cycle,  2200  volts,  1200 
r.p.m.  alternator  is  belted  to  a  gas 
engine.  The  open-circuit  terminal 
voltage  is  adjusted  to  2200  volts  and 
the  alternator  runs  at  a  constant 
speed  of  1200  r.p.m.  The  exciter 
is  belted  to  the  alternator  and 
operates  at  approximately  1400  r.p.m. 
With  2200  volts  across  three  phases 
on  open  circuit,  a  load  .is  put  on 
the  alternator  on  phases  one  and 
two,  and  consists  of  an  8  k.v.a.  regu- 
lating transformer,  which  operates 
series  tungsten  street  lamps.  When 
this  single-phase  load  is  connected, 
the  voltage  across  one  and  two  drops 
from  2200  to  1980  volts  and  the 
voltage  across  two  and  three  and  one 
and  three  rises  to  2340  volts.  Please 
explain  what  action  takes  place  to 
increase  the  voltage  across  the  phases 
which  are  not  loaded.  The  voltage 
across  one  and  two  which  is  a  loaded 
phase  would  be  expected  to  drop  but 
the  voltage  across  the  other  two 
phases  would  not  be  expected  to  in- 
crease. R.F.H.  (can.) 
When  a  single-phase  load  is  applied 
to  a  three-phase  generator,  the  voltage 
of  all  three  phases  is  affected.  The 
voltage  across  the  loaded  phase  is 
usually  decreased,  depending  upon  the 
amount  and  power- factor  of  the  load; 
the   voltage   of   one   open   phase   is   de- 


FIG.  1544(a) 


creased  while  that  of  the  other  open 
phase  is  decreased  to  a  less  extent  or 
may  be  slightly  increased.  With  a 
load  having  low  power-factor,  the 
voltages  of  the  two  open  phases  are 
more  nearly  equal,  but  are  lower  than 
at  no  load.  This  is  shown  in  Fig.  (a) 
for  a  case  in  which  the  load  has  a  low 
power-factor,  such  as  might  be  the 
result  of  operating  a  lightly  loaded 
regulating  transformer.  The  voltages 
at  no  load  are  AB,  AC  and  BC :  the 
decrease  in  internal  generated  voltage 
when  load  is  applied  is  shown  at  AA' , 
BB'  and  CC .  This  decrease  is  due  to 
the  demagnetizing  action  of  the  load 
current;  that  is,  the  load  current  has 
the    effect    of    distorting    and    reducing 
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the  flux  in  the  air-gap,  so  that  the 
generated  voltage  of  each  phase  is  re- 
duced the  same  amount.  This  effect  is 
present  with  either  single-phase  or 
polyphase  loads.  The  reactive  drop  in 
the"  windings  carrying  current  is  shown 
zt  A'D  and  B'E,  which  are  drawn  at 
right  angles  to  the  current  vector.  It 
will  be  seen  that  the  voltages  of.  the 
open  phases,  C E  and  CD,  arc  nearly 
equal,  and  are  lower  than  at  no  load, 
while  the  voltage  of  the  loaded  phase, 
DE,  is  considerably  lower  than  at  no 
load.  Fig.  (a)  shows  that  in  order  to 
have  the  voltages  of  the  two  open 
phases  equal,  or  nearly  so,  they  must 
necessarily  be  lower  than  at  no  load. 
This,  of  course,  is  on  the  assumption  of 
constant  speed  and  excitation.  The 
fact  that  the  voltages  of  both  open 
phases  rise  from  2200  to  2340  volts 
seems  to  indicate  that  the  excitation  has 
been  increased.  Q.G. 


1545 — Two-Phase  Motor  with  Nega- 
tive Wattmeter  Reading— In  certain 
cases  I  have  noticed  that  a  two-phase 
induction  motor  gives  a  negative 
wattmeter  reading  in  one  phase. 
Please  explain  this  fully.  What 
effect  would  varying  the  load  have  on 
the  relative  values  of  the  wattmeter 
readings?  f.l.b.    (i>a.) 

This  may  best  be  answered  by  first 
citing  certain  characteristics  of  a  single- 
phase  hiduction  motor.  If  a  single- 
phase  motor  with  a  primary  coil  A,  and 
a  short-circuited  rotor  R  as  shown  in 
Fig.  (a),  rotates  at  synchronous  speed, 
it  will  have  a  rotating  field.  This 
rotating  field  is  due  to  the  fact  that  any 
low  resistance  short-circuited  coil  will 
try  to  maintain  a  tlux  set  up  within 
itself,  because  any  tendency  of  the  flux 
to  diminish  induces  voltages  and  cur- 
rents of  such  direction  as  to  maintain 
the  magnetization  of  the  field  within  the 
coil.  Therefore,  if  the  primary  wind- 
ing AA  sets  up  a  flux  within  the  con- 
ductor CC  in  the  rotor,  and  the  rotor 
rotates,  certain  currents  set  up  in  those 
conductors  will  take  this  flux  around 
with  the  rotor  at  its  assumed  syn- 
chronous rotating  speed.  If  we  now 
place  coil  BB,  shifted  90  electrical 
degrees  against  AA,  on  the  stator,  the 
rotating  flux  will  cut  the  conductors  of 
this  coil  and  induce  a  voltage  in  this 
coil  which  is  shifted  90  degrees  in  time 
against  the  voltage  of  coil  AA  as  shown 
in  Fig.  (b).  If  the  motor  had  zero  re- 
sistances and  no  leakage  fluxes,  this 
voltage  would  be  equal  in  size  to  the 
voltage  of  coil  AA,  assuming,  of  course, 
equal  number  of  turns  in  both  coils. 
The  ohmic  and  leakage  drops,  however, 
cause  this  voltage,  £b  to  be  smaller  than 
the  primary  voltage  £a.  The  differ- 
ence between  the  two  increases  with  the 
currents  in  the  motor  which  cause  such 
ohmic  and  leakage  reactance  drops. 
Having  a  certain  definite  induced  volt- 
age £b  in  coil  B,  it  is  evident  that  it 
can  be  connected  to  a  power  supply 
phase,  as  for  instance,  the  second  phase 
of  a  two-phase  system  with  no  current 
whatsoever  in  the  coil  B,  if  such  im- 
pressed voltage  is  exactly  the  same  in 
size  and  phase  but  opposite  in  direction. 
That  is,  under  these  assumptions,  we 
have  now  a  two-phase  motor  connected 
to  a  two-phase  supply  with  one  of  the 
supply  phases  having  a  lower  voltage 
than    the    other   and    supplying    neither 


current  nor  energy  to  the  corresponding 
motor  phase.  If  it  should  happen, 
however,  that  the  second  supply  phase 
voltage  is  lower  than  the  induced  volt- 
age Eb  of  the  coil  B,  this  coil  will 
naturally  act  as  a  generator,  sending 
current  and  energy  into  the  second 
supply  phase.  It  is,  therefore,  evident 
that  we  can  get  generator  action  in  one 
of  the  motor  phases  either  if  the  supply 
voltages  arc  unbalanced  and  the  motor 
has  equal  number  of  turns  in  both 
phases,  or  even  with  a  balanced  supply 
system  if,  through  some  mistake,  the 
number  of  turns  in  the  two  phases  is 
different.  In  order  to  get  generator 
action,  the  difference  in  the  supply 
voltages  has  to  be  the  larger  than  the 
difference  between  the  induced  voltages 
in  coils  A  and  B.  Since  this  latter 
difference  is  usually  rather  large  with 
the  loaded  motor,  while  the  unbalanc- 
ing of  the  supply  voltages  is  usually 
very    small,    it    is    seldom    that    loaded 


(b) 

FIG.  1545(a)  and   (b) 

motors  show  any  generator  action  in 
one  of  the  phases.  On  the  other  hand, 
with  a  light  runnirtg  motor  the  drops, 
arc  small,  giving  a  small  difference  be- 
tween the  -voltage  induced  in  the  coils 
A  and  B.  so  that  the  voltage  induced  in 
B  is  liable  to  be  somewhat  larger  than 
the  lower  supply  voltage  of  a  two-phase 
system.  For  these  reasons,  generator 
action  in  one  of  the  phases  when  run- 
ning light  is  a  not  uncommon  occur- 
rence. R  F..H. 

1546 — Rotor  Connections — In  a  slip- 
ring  induction  motor,  why  are  the 
rotor  windings  usually  connected  star 
instead  of  delta?  c.f.y.   (va.) 

The  majority  of  wound-rotor  induc- 
tion motors  perhaps  have  the  secondary 
winding  connected  in  star  rather  than 
in  delta,  but  this  is  equally  true  of  the 
primary.  The  fundamental  reason  for 
this  is  that  for  a  given  voltage  a  star 
connection  uses  only  58  percent  as  many 
turns  as  the  delta  connection,  with  a 
corresponding  increase  in  copper  sec- 
tion per  turn.  Due  to  the  larger  size 
copper  being  used,  a  better  space  factor 
is  obtained,  that  is,  less  space  is  re- 
quired in  the  slot  for  insulation  on  the 
wire  and  for  the  same  total  copper  sec- 
tion a  smaller  slot  may  be  used  or  for  a 
given  slot  a  greater  total  cross  section 
of  copper  can  be  used.  Using  a 
smaller  number  of  turns  also  means 
time  saved  in  making  the  coil,  and  less 
time  in  winding  the  coils  in  the  slot  if 
a  partiallv  closed  slot  is  used.  Also 
from  the  standpoint  of  voltage  between 
rings  on  the  secondary,  the  star  con- 
nection is  more  desirable  up  to  certain 
limits  of  motor  capacity,  for  it  gives 
1.73  times  the  voltage  that  a  delta  con- 
nection does  with  the  same  secondary 
coils.  This  gives  an  equivalent  reduc- 
tion in  full-load  secondary  current 
which  is  generally  desirable  from  the 
standpoint  of  controller  and  external 
resistance  design,  particularly  for 
motors  larger  than,  say,  50  horse-power. 

B.B.R. 
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tion— Dean  Harvey.  Cotton.  Silk. 
Linen.  Asbestos.  Jlica.  Rubber.  Fric- 
tion. C-1.  D-1.  1-5.  W-2620.  Vol.  XIV,  p. 
173.  May,  '17. 
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Methods  of  Testing'  Electrical  Force- 
lain — A.  Chernyshoft  and  C.  A,  Butman. 
Short  impulse.  Single  impact  and  high 
frequency  methods.  The  theory  of  ioni- 
zation. T-S.  C-2.  D-3,  1-13.  \V-4540.  Vol. 
XTI.    p.    2S2,    June.    '15. 

Vacuum  Impreg'nating' — EN. XII, 46 

Voltage  Gradient — EN, XII, 46. 

Gauze   Tape — KX.XII.4ij. 

Insulation   Resistarce — BN,XII,S5. 

Insulation  Burn-Out — QB,  10SJ>. 

Bakelite   Impregnation — QE,    1100. 

Solvent   for  Bakelite -QB,    1273. 

Removing   Insulation — QB.    IJO^:.    11  oT. 

Insulator  Cement — MB.    11!.'). 

Frost  on  Insulators     '  .■ : :,   1195. 

Detecting  Paulty  Insulators — QB,1210. 

VarniBhes — Qi..,   1227. 

Resistance — QB.   1454. 

Effect  of  Oil — QB,  14  32 

MEASUREMENT 
General 

Measuring    Idle    Volt-Amperes — H.    B. 

Taylor.  \\'Htl  meter  connections.  D-2 
1-2,  T-I,  W-12(:o.  Vfil.  XI,  p.  :)7,  Feb.  '14. 

Beactive-Pactor   Meter — QI>.    1417. 

Central  Station  Testing  Departments 
— AIe.\anil..r'  Ala.Kwell.  D-1,  \V-3240.  Vol. 
XII.    p.    23(1,    .lune.   '15. 

Z  Connection — A.  J.  A.  V'eterson,  T-2. 
D-15.  W-1II40.     Vol.  XII,  p.  522,  Nov..  '15. 

Current  In  Tliree-Fhase  Circuit  with 
One  Ammeter — QB.   1030. 

Power  in  One  Direction — QB.    H4S. 

Power  Measurements — QB.    1212,    1213. 

Reading   Oscillograms — QB,    1299. 

Meters 

Types  and  Uses  of  Graphic  Meters — 
Paul  Maci'ialian.  C-3,  1-4,  W-2500.  Vol. 
XI     1).    3i;'.i,    .Tune.    '14. 

Classification,  Construction  and  Ap- 
plication of  Graphic  Recording  Meters 
—A.  K.  Allen.  D-1,  1-5,  W-3250.  Vol. 
XII.    p.    497,    Nov..    '15. 

Constant  of — QB,   1044. 

Connections — QB.   12SS. 

Portable  Indicating  Meters — H.  B. 
Taylor,  1-5,  W-2335.  Vnl.  XI,  p.  373. 
June,    '14. 

Instrument   Trans.  Ratio — QB,   1094. 

Multiplier     (.)i:,    1155. 

Ammeter  Shunt — QE.    1251. 

3-Phase  Power-Factor — EN.  XIII,   235. 

Testing  Power-Factor  Meter  —  QB, 
1270. 

Power-Factor  Meter  Connections — ■ 
QB,    1499. 


Wattmeters 

■Watt-Hour  Demand  Meters — C.  A. 
Boddie.  Principles  of  operation.  Ap- 
plication. .1-7,  W-31S0.  Vol.  XI,  p.  314, 
June.   'M. 

MeaEuring  Mazimnni  Demands — S.Gr. 
Ilil.:^.  ,:.  C-2.  D-1,  1-3,  \V-2S45.  Vol. 
Xin,   p.   5S2.   Dec.  '16. 

Calibration— QB,    105S. 

Wattmeter  Connections  —  QB,  1067, 
Jl.Sl.    ns5.    1225. 

Capacity   of   Meter  Trans. — QB,    1105. 

Tliree-pjiase    Leads — QB.    112S. 

Testing-  Speed — QE,  113S. 

Testing  Polyphase — QB.    11S2. 

Wattless  Component  Meter — QB,   1190. 

Constant    -QB.   1294. 

Vibration— QB,  1325. 

Bent  Pointer — QB,   1332. 

Emergency  Polyphase  Connections — 
QB.     1455 

tag  Adjustment — QB.    1462. 

Totalizing    Connections — QB,     1466. 

Erratic   Operation — QB.    1483. 

Metering   Open   Delta — Ql'.,    14  94. 

Dynamometer    Springs — IJB,    1514. 

Voltmeters    and    Ammeters 

The  Root  Mean  Square  Current  Meter 
— D.  C.  Hersljl.erKer.  Principle.  Opera- 
tion. Apiiiication.  0-3.  I-4,W-2C23.  Vol. 
XIV.    p.    59,    Feb.,    'IT 

Ammeter  Polarity — QB,  1536. 

Relays 

The  Use  of  Protective  Relays  on  A. 
C.  Systems — L..  X.  Crichton.  Radial  dis- 
tribution. Parallel  feerter.s.  King  sys- 
tems. Networks.  Calculation  of  short- 
circuit  current.  Relay  accuracy.  El'tect 
of  nnlialanceci  short-ciroiits.  The  pro- 
tection of  apparatus.  T-2.  0-5,  r>-13, 
1-2.  \V-S500.      V.)l.  XTIl.  p.  339,  July,  '16. 

Relay  Operation  on  Heavy  Short-Clr- 
cuits— L.  N.  Orichtun.  O-l.  D-5.  1-4,  W- 
ISIO.     \-,.l.    MV.    p.    4>;3.    Nov..    '17. 

The  Protection  of  Transmission  Cir- 
cuits by  Relays — V.  K.  RiiUetts  0-5. 
B-5,  1-1,  \\-29s5.     Vol.  XI.  p.  227,  Apr.,  '14. 

(E)    P.    MacOahan.      W-350.    p.    1S5. 

A  ILoad  Proportioning^  Relay — B.  H. 
Smith.  Koi-  dividing  the  load  between 
direct  and  alternating  current  systenis 
throueh  a  motor-generator  .set.  n-2, 
1-3,  W-li(55.     V..1.  XI.  p.   2X5.    May.  '14. 

A  Series-Transformer  Tripping  De- 
vice for  Circuit  Breakers — H.  H.  Smith. 
With  time  element  relay.  D-2,  1-2,  W- 
SOO.      Vol.   XI,  p.    620.   Nov.,    '14. 

(E)   T.  A.  McDowell.     W-410,  p.  609. 


The  Selective  Time  Element  of  Be- 
lays— Paul  MacGahan.  Types.  Rela- 
tion to  circuit  breaker  rating.  0-3.  D-2, 
1-4,  W-24S5.     Vol.  XII,  p.  91,  Mar,  '15. 

(E)    F.    E.    Ricketts.     W-365,    p.    90. 

Reverse  Power  Relays — Paul  MacGa- 
han  and  B.  H.  Smith.  Development, 
construction  and  application.  0-3,  D-4, 
I-IO,   \V-3900.   Vol.  XII,  p.    417,   Sept.  '15. 

Shunt  Field  Protective  Relays  -J.  H. 
Albrecht.  0-1.  AV-570.  Vol.  XII,  p.  566. 
Dec,  '15. 

Overload  Belays  for  Isolating  Defec- 
tive Apparatus  .M.  Cornelius,  D.  6,  \V- 
1070.     \-i,   .\  1 1,   p.   3i;i;,  .Aug.,  '15. 

Ovcr-Iioad  Belays — QB.    1056. 

Reverse  Phase  Relay  Magnet — QB, 
1235. 

Operation  on  Short  Time  Over  Koad — 
QB,    1424. 

Slow  Acting — QB,   1510. 

THEORY 

The    Analysis    of   Periodic    'Waves — L,. 

\V.  Chubb.  Description  of  a  mecluinical 
analyzer.  0-4.  1-5,  W-3500.  Vol.  XI,  p. 
91.    Feb..    '14. 

(E)    O.    E.    Skinner.      \V-350.    p.    71. 

Polar  and  Circular  Oscillograms — I.,. 
W.  Ohubli.  Theii-  iiractical  api.l  k-at  ion. 
C-5.  1-3.  \\  -42S5.      Vol.  XI.  p.  2112.  .-May.  '14. 

Derivation  of  Wave-Form  of  Flux 
from  Wave-Form  of  Electromotive  Force 
—  F.  Bedell  and  U.  Down.  T-3,  \V-2950. 
Vol.    XII,    p.    23,    Jan.   '15. 

(li)    L.    \V.    Chubb.      W-590,    p.    4. 

Curve  Plotting  with  IiOgarithmlc  Co- 
ordinates— C'has.  R.  Riker.  (li)  W-43  0. 
Vol.   XIV,   p.   259,  July,   '17. 

Vector  Standardization — Ohas.  R. 
Riker.  (K)  W-310.  Vol.  XIV,  p.  333, 
Sept..    '17. 

Storing  and  Releasing'  Energy — R.  P. 
Jackson  Mechanical  analogies  to  bat- 
tery   igiiitinn       I'-l.    D-1,    \V-1330.      Vol. 

xiii.  p.  n,  .i.in.,  'n',. 

Elementary    Prlnciples-EN,     XII,     46. 
Vector    Conventions — ION. XII, 125. 
Reactance      1:.N.XI1I.    235. 
Reactive-Factor  — E.V, XIII,   432. 
Definition   of  Watt — QB.    1062. 
Resistances    in    Parallel — QB,     1092. 
V-Connection     QB.    1139. 
Arcing  Ground     QB.   1208. 
Leakage   Current — Qli.    1228. 
Polai'ity   Test     riB.    1308. 
Hysteresis  Loss     t>B.    1413. 
Static    Electricity — QB,    1429. 
Quarter  ^Wave  Length  Line — QB,  1523. 


GENERATION 

(AKD  ALL  PARTS  OF  ROTATING  MACHINES) 


POWER  PLANTS 


The  Cost  of  Generating  Power — H.   G. 

Stoit,  Fixed  charges.  Size  of  plant. 
Diversified     loads.       C-6,     W-2620.       Vol. 

XIII.  p.    373.   Aug.,  '16. 
Single-Phase      Power      Service      from 

Central  Stations — R.  E.  Oilman  and 
Charles  Fortescue.  Methods  of  main- 
taining, balance  on  polyphase  systems. 
0-3.  D-9,  ■VV-SSSO.  Vol.  XIV,  p.  28, 
Jan.,    '17. 

Maintaining  and  Fostering  Public 
Utility  Development  Under  Regulation — 
I'Mwm  I  >.  Mreyfus.  W-4640,  Vol.  XIII, 
p.    415.    Sept.,    '11-,. 

IE)    Clias.    R.    Riker.      W-540,    p.    403. 

Central  Stations  and  Electric  Railways 
— E.  P.  Dillon.  (E)  W-620.  Vol.  XIII, 
p.    441,    (let.,    '16. 

Improvements  In  Power  Station  Effi- 
ciency-    i:      u      Sniffin.    (E)    \V-620     Vol 

XIV,  II.    3,.:,    ■  I,  t..    '17. 

Excitation  and  Voltage  Control — J  A 
Johnson.  With  special  reference  to  the 
plant  of  the  Ontario  Power  Company 
of  Niagara  Falls.  C-1,  D-G,  1-5  W-4S30 
Vol.  XI,  p.  612,  Nov.,  '14. 

(E)    P.    M.    Lincoln.      "^'-410.    p.    609 

Hydroelectric  Development  —  O  S 
Cook.  (E)  W-560.  Vol  XII,  p.  34l" 
Aug.,    '15. 

Combined  Steam  Heating  and  Electric 
Generating  Plants — Evron  T  Olfford 
W-1200.      Vol    XIV.    p,   'lOl,    Mar.,    '17        ' 

The  Interchange  of  Power  between 
the  Duquesne  light  Company  and  the 
West  Penn  Power  Company— E.  O.  Stone. 
J-1',  ^:]:  ^-1'  W-2420.  Vol.  XIV.  p.  339. 
Sept..    '1,. 

Changes  in  New  York  Power  House 
—Ohas.  F.  Scott.  (E)  W.1290.  Vol 
XII,  p.  221,  June,  -IB. 


Recent    Central    Station    Development 

— A.  H.  Jlclntire.  (E)  \\-73(l.  \'ol. 
XIII,    p.    239,    June,    'IC. 

Railway  Loads  for  Central  Stations — 
G.  E.  Miller.  W-12S0.  Vol.  XII,  p.  233, 
June.    '15. 

The  Relation  of  Flywheel  Effect  to 
Speed  Fluctuations  in  Waterwheel  Units 
— F.  D.  Newbury,  1-7,  W-3260.  Vol.  XII, 
p.    343,   Aug.,    15. 

(E)   J.  II.  Wilson.     W-SOO.  p.  342. 

Heat  and  Temperature — EN.  XIII.  360. 

Exciter  Trouble — QE,  1031,   1134. 

Unsteady    Voltage — QB,    1034. 


Dc 


■ililions 


Brunot's  Island  Power  Station,  Pitts- 
burgh— F.  Phlenliaut,  .Ir..  D-1,  O-l.  1-14, 
W-4710.      Vol.    XII.    p.    241,    June,    '15. 

The  Canadian  ITiagara  Power  Com- 
pany's Plants — E.  E.  Imlay,  Special 
features  of  the  power  plant  equipment. 
D-1,  1-14,  W-2315.  Vol.  XI,  p.  302, 
June,    '14. 

The  Cross  Cut  Power  Plant  of  the 
Salt  River  Project — J.  W.  Swaren.  I-IO. 
W-3340.      Vol.    XIII.    p.    571,   Dec,    '16. 

The  Lake  Spaulding — Dram  Power 
Development  of  the  Pacific  Gas  and 
Electric  Company.  1-12,  W.  2450.  Vol. 
XII.   p.    265.    June,    '15. 

The  Hydroelectric  Development  of  the 
Peninsular  Power  Company — O  V  Sea- 
stor.e.  I-fi,  W-3420.  Vol.  XIII,  p.  324, 
July.   '!(>. 

SUBSTATIONS 
A    100  coo-Volt   Portable    Satistation 

C.  I.  Burkluil.lei  and  N.  Stahl.  A  poly- 
phase transforming  station  for  various 
voltages.  D-],  1-7,  W-2670.  Vol.  XII, 
p.    143.,    Apr.,   '15. 

(B)  W.  S.  Rugg.     ■W-440,  p.  129. 


A  1500-Volt  Portable  Railway  Substa- 
tion— E.  P.  Taylor.  A  converter  substa- 
tion on  the  Piedmont  Lines,  1-3,  \V- 
1320.     Vol  XII,  p.  152,  Apr..  '15. 

Charleroi  Substation  of  the  Pitts- 
burgh Railways  Company — G.  C.  Heck- 
er.  I-II,  W-25,s0.  Vol.  XI,  p.  636,  Nov. 
'14. 

Efficiency  of  Railway  Substations  — 
L.  P.  Crecelius.  T-2,  C-1.  W-77(i.  Vol. 
XI,  p.  513,   Uct...  '14. 

The.  Increasing  Importance  of  the 
Substation — C.  S.  Cook.  <E)  W-440. 
Vol.    XII,    p.    129,    Apr.,     15. 

The  Field  of  the  Outdoor  Substation 
— L.  O.  llai't.  Economic  consider.ations. 
D-1. 1-9,  \\-1410.  Vol,  XII,  p.  158,  Apr., '15. 

(E)    11.    li.    Rudd.      W-590,    p.    131. 

A  1500-Volt  Converter  Substation — 
O.  AVortman.  1-2,  W-330.  Vol.  XII,  p. 
482.    Oct.,   '15. 

Meter  Equipment  of  Outdoor  Substa- 
tions— Lester  C.  Hart.  1-6,  W-1110.  Vol. 
XIII,    p.    420.    Sept.,    'in. 


DYNAMOS   AND    MOTORS 
General 

Commutation  and  Commutation  Lim- 
its— B.  (j.  Lamme.  Slmrl-circuit  volts 
Short-circuit  e.m.l'.  W-3500.  Vol  XIII, 
p.    78.    Feb.,    '16. 

Flashing  in  Direct-Current  Machines 
— B.  G.  Lamme.  Arcs  between  adjacent 
commutator  bars.  Average  e.m.f.  and 
field  form.  W-4160.  Vol.  XIII,  p.  145. 
Mar..    '16. 

Limitations  in  Commutating  Machines 
— B.  a.  Lamme.  Brush  area.  Number 
of  slots.  Noise.  Flickering.  Peripheral 
speed.  W-6300.Vol.  XIII,  p.   163,   Apr..'16. 
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Temperature  DistrlTjution  in  Electrical 
Machinery — B.  G.  Lainme.  Laws  of  heat 
How.  Methods  of  temperature  measure- 
ment. C-1,  I-S,  \V-4T00.  Vol.  XIV,  p. 
42.    Feb.,    '17. 

(E)    P.   M.    Lincoln.     W-100.   p.    41. 

Effect  of  Brush  Width  on  Couimuta- 
tion— 1-.  c;.  Lewis.  1 )-:;,  W-1990.  Vol. 
Xlll,    p.    "'f>.    Auk.    ■!«. 

Artificial  Ventilation  of  Electrical 
Machinery — B.  G.  Lamme.  W-23S0.  Vol. 
XIII,    p.   247.   June.   '16. 

Ventilation  of  Rotating  Electrical  Ap- 
paratus— R.  R.  Gilman.  I-O,  \V-3510. 
Vol.    XI.   p.    2ns.   Apr..   '14. 

(E)    F.    1>.    X..-\vliur,\-.      W-470.   p.   1S3. 

Conditioning-  Air  for  Generator  Ven- 
tilation—\V.  \V.  .•■;t.ven.';on.  C-1,  D-1, 
1-5.   W-lsLMi.     V..1.  Xt.   p.   213.   Apr.,  '14. 

(I-;)    ,1     L,    H.irv.-x-.      W  -:iMi.    p.    1S4. 

Classification  and  Nomenclature  of 
Electric  Motors  K.  i:.  H.llmund.  D-11, 
\V-774».      \".il.    XIlI.    p.    Itilt.    Apr.,    '16. 

(E)    A.    .M,    Duilley.      W-450,    p.    153, 

Railway  Motor  Capacities  and  Ratings 
— G.  M.  WiHxls.  ^V-1200.  Vol.  XIV,  p. 
412.  Oct..  '17. 

Industrial  Motor  Insulation — J.  L.  R.v- 
lan.I.-r,    W-lsi'.c.  V.>1  XII.  p.  55.S,  Dec,  '15. 

Motor  Armatures  of  Different  Diam- 
eters- -F.    A.    Kcw.       W-1210.       Vol.    XII, 


•15. 


Size  and  Horse-Power — EN.XII,   125. 
Radius  of  Gyration — QB,    1085. 
Insulation  Burn-Ont — QB,  1088. 
Removing'    Insulation — QB,    1103. 
Motorizing-    <.?l;.    12117. 
Amount  of  lion     IJB.  1266.' 
Size  of  Generator — QB.   1271. 
D.  C.  Motor  on  A.  C. — QB,  1341. 
Measuring-  Starting-  Torque — QB,   13S3. 


GENERAI.    TESTS 

Shop  Testing-  of  Electrical  Apparatus. 
XIII — Rotary  Con\erters.  Resistances. 
Preliminary  inspection.  Voltage  ratio. 
Starting  tests.  Core  loss  and  satura- 
tion. Voltage  control.  Methods  of  load- 
ing. Synchronous  booster  converters. 
Temperature  tests.  Efficiency  by  losses. 
T-7,  C-2,  D-5,  1-3.  W-57  50.  Vol.  XI,  p. 
56.    Jan.,    "14. 

XIV — Induction  Motors.  The  circle 
fiiagram  method.  The  prony  brake 
method.  C-3,  1-2,  T-6,  W-5350.  Vol. 
XI,    p.    100,    Feb.,    '14. 

(E)  B.  I.  Chute.  W-660,  p.  71. 
XV — Induction  Motors  (Concl.)  The 
symbolic  method.  Single-phase  motors. 
The  Branson  method.  Temperature  tests. 
Commercial  tests.  C-3,  T-4,  W-3400. 
Vol.  XI,   p.    178,   Mar.,   '14. 

XVI — Single-Phase  Transformers.  Ra- 
tion. Polarity.  Parallel  test.  Measure- 
ment of  resistances.  D-7,  ■W-2230.  Vol. 
XI.    p.    231,    Apr.,   '14. 

XVII — Single-p  h  a  s  e  Transformers. 
Core  loss.  Impedance.  Regulation.  Ef- 
ficiency. D-9,  ■W-3130.  Vol.  XI,  p.  287, 
May,    '14. 

XVIII — Single-P  h  a  s  e  Transformers 
(Cont.)  Temperature  run.  Insulation 
tests.  D-6,  I-l,  W-4350.  Vol.  XI,  p.  411, 
July,    '14. 

XIX — Chas.  Fortescue.  The  Circle  Dia- 
gram for  Single-phase  Transformers.  D- 
2,  W-900.  Vol.  XI,  p.  449,  Aug.,  '14. 
(E)  Chas  R.  Riker,  W-470,  p.  420. 
XX — Three-Phase  Transformers.  Re- 
sistance, core  loss,  copper  loss  and  impe- 
dance, temperature,  insulation,  regula- 
tion and  efficiency.  D-11,  W-2270.  Vol. 
XI.    p.    489,    Sept.,    '14. 

An  Electric  Dynamometer — E.  M.  Olin 
and   C.    A.    M.    Weber.      C-4,    1-5,   W-2900. 
Vol.    XIV.   p.    339,    Sept.,    '17. 
Acceptance  Test — QB,  1011. 
Experimental     Temperature     Measure- 
ments of  Electrical  Machines — O.   W.   A. 
Getting.      Effects   of    temperature.      Rise 
by   resistance.    Thermo-couples.   C-1,  D-2, 
W-5060.     Vol.  XI,  p.  85,  Feb.,  '14. 
(E)   Chas.  R.  Riker.     W-450,  p.  72. 


ARMAT-DRES 

I  except    commutators) 

The    Manufacture    of    Armature    Coils 

— U  W.  I't-iiv.  .M.iulded  coils.  Pulled 
coil.s,   \\'-l',i4ii.      \-.,l.  XIV.  p.    26.  Jan.,  '17. 

Armature  -Winding — ROD,  XIV,   122. 

Banding-    Armatures — ROD,    XIV,    168. 

Soldering  Railway  Armatures — ROD. 
xi\'.    :;27. 

Rewinding — QB.  1440. 

Current  in  Shaft —QB,   1305. 

Equalizer  Ring     QB,  1337. 

Tiber  Wedges — QB.  14S6. 

Cutting  Out  Armature  Coil — QB,   1497. 

Depth  of  Slots— QB,   1538. 


BEARINGS 

Elements  of  Bearing  Design  and  Iiuh- 

rication— Wm.  Font.  C-3.  1-11,  \V-2530. 
\'<.l.    XI.   p.    391,   July,   '14. 

(E)    F,    D.   New-hury.      W-470,    p.    379. 

The  Xingshury  Thrust  Bearing — H.  A. 
S.Howarth.  Theory  and  application.  T-1, 
D-5,  1-9,  W-3070.  Vol.  XII,  p.  351, 
Aug.    '15.  „      ^ 

Babbitt  and  Its  Applications — T.  J. 
Johnston.  1-5,  W-3030.  Vol.  XI,  p.  387, 
July.    '14. 

(E)    F.  D.  Newbury.     W-470,   p.    379. 

Antifriction  Bearings  for  Railway 
Motors— c,.  M.  Eaton.  (E)  W-920.  Vol. 
XI\-.   p.    374.  Oct.,  '17. 

How  to  Babbitt- ROD,  XIII.   512. 

Lubrication — ROD.    XIV,    481. 

Effect   on  Air  Gap — QB,    12"il. 

Induction  Motor  Clearances — QB,  1292. 

Ifining    up    Shaft     "JB,    1477. 

Play— I..IB.    14  7S. 

Cast  Iron — QB,    1501. 

BRUSHES 

Brushes  for  Commutators  and  Slip 

Rings  -I 'bail's  H.  Smith.  Their  selec- 
tion application  ami  care.  I-l,  W. 
111775        Vol.    Xlll.    p.    263,    June,    '16. 

Carbon  Brush  life — J.  S.  Dean.  T-4, 
C-5,  1-2.  W-2400.  Vol  XIV,  p.  416, 
Oct..   '17. 

Brush   Vibration — EN,    XIV,    446. 

Brushholders-    Koli.    XIV.    39. 

Selection   of    Brushes — QB,    1110. 
■  Brush    Setting     <J1'..     1197.     1438. 

Brush   Operation     (.Jli,    1297. 

Old    Brushes     QB,    1304. 

Briish    Trouble — QB,    1502. 

COMMUTATORS  and 
COIiLECTOR   RINGS 

Commutator   Soldering — EN.    XII.    338. 

Undercutting  Commutators  —  ROD, 
XUI.     555. 

Repair  of — ROD.  XIV.  445. 

Commutator  Construction — EN,  XIII, 
433. 

Commutator   Trouble — QB,    1035. 

Cleaning    Commutators — QB,    1133. 

Sand  Papering — ijl'..    1159. 

Flat  Spots-  -'J I'..    1246. 

Soldering  Leads  to — QB.   1356. 

Current  Collection — QB.  1040. 

Collector   Rings— QB.    1014,    1035. 

Rough  SUp-Bings— QB.   1321. 

FRAME 

Cast  -In  vs.  Bolted  Pole  s — EN,  XIII, 
235. 

Why  Poles  are  Laminated — EN,  XIII. 
196. 

Notches  in  Main  Poles — EN.  XIV,   Sla. 

FIELD     WINDINGS 

Strap    Field    Windings- ICN.    XIV.    37. 
Ventilation  of  Shunt  Field  Coils — EN, 
XIII.   151. 

The    Polarity    of —ROD.    XIII.    393. 
Rewinding   I'ield   Coils — QB.    1301. 
Number  of  Turns — QB.  1412. 

Direct    Current 

The  Development  of  the  Direct-Cur- 
rent Generator — B.  G.  Lamme.  Bipolar. 
Multipolar.  Slotted  armatures.  Formed 
coils.  Cl'U  .supports.  Field  poles  and 
windings.  Commutation.  E  q  u  a  lizing 
connections.  Mica.  Brushes  and  brush 
holders.  Commutators.  V  e  n  t  i  lation. 
Double  commutator  machines.  Turbo 
generators.  Unipolar  machines.  A.  C.-D. 
C.  generators.  Compensating  and  com- 
mutating-pole  machines.  High-voltage 
generators  without  commutators.  I-IO, 
W-30  130.  Vol.  XII,  p.  65,  Feb.,  '15;  p. 
115,  Mar..  '15;  p.  164,  Apr.,  '15;  p.  212, 
May,    '15. 

The  Development  of  Direct-Current 
Motors — A.  Brunt.  Heating  and  venti- 
lation. Rating.  Weight.  C-4.  \V-2390. 
Vol.    XIV.    p.    486.    Dec,    '17. 

Field  Distortion  in  Direct-Current  Ma- 
chines—R.  W.  Owens.  C-3,  W-2325.  Vol. 
XIV.    p.    IS 6,    May,    '17. 

Adapting  Motors  to  Changed  Condi- 
tions— H.  L.  Smith.  Fundamental  prin- 
ciples.- .Speed  regulation.  Voltage.  Re- 
connections.  Motor  as  generator.  Me- 
chanical limitations.  C-3,  W-4090.  Vol. 
XIII,  p.  177,  Apr.,  '16. 

Rewinding — QB,    lOfiS. 

Connection  for  Double  Speed — QB, 
142S.     15-1II. 

Change  of  Voltage — QB.    1473. 

Modern  Types  of  Machines — D  avid 
Hall.  Flux  and  current  capacity.  Types 
of  construction.  Regulation.  Efficiency. 
C-6,  D-2,  1-3,  W-5560.  Vol.  XIII,  p.  534, 
Nov.,  'IG. 


The  Compensated  Generator — D  avid 
Hall.  D-2,  1-3,  W-1670.  Vol.  XIII,  p. 
378,    Aug.,    '16. 

Speed    Characteristics    of    Motors — K. 

L.  llan.scH  and  C.  G.  I.''wis.  C-S,  I-l, 
\V-2IJ7II.       Vol.    -Xl.    p.    4;i:;.    S.'i.t..    '14. 

Speed  Regulation  of  Adjustable  Speed 
Motors- H.  L.  Smith.  C-2.  I-l.  \V-2140. 
Vol.    XIII.   p.    422,    Sept.,   '16. 

Motor  and  Generator  Diagrams — R.  H. 
Taber.  For  changing  conditions  of  op- 
eration. T-1,  D-55,  \V-2070.  Vol.  XI,  p. 
46S.   Sept.,   '14. 

Armature  Reaction  in  Machines — R. 
H.  Taher.  Distortion  of  lielil.  Effect  on 
comiiiut.-dion.  Brush  displacement.  C-3, 
1-13.    W-l  7:;a.    p.    i;    ,  Jan.,  '14. 

Armature   Reaction — QB,    1055.    1125. 

Speed  Characteristics  of  Small  D.  C. 
Motors-  IJ.  11.  Cliatto.  C-4,  W-1260. 
Vol.    .\IV.    p.    494.    Dec.    '17. 

Sparking  and  Flashing— EN,  XII.   173. 

Bands  vs.  Wedges— EN.XII. 530. 

Changing  Motor  to  Gteerator — QB. 
1075. 

Shape  of  Pole  Tips — QB,  1074. 

Idle   Coll     OB.    1IJ64. 

Power  to   Accelerate-    QB,    1027. 

Automobile   Generators — QB,    1041. 

Changing    Voltage — QB,    1048. 

Reversal  of  Elevator  M  o  t  o  r — QB, 
1078, 

Dynamic  Braking — QB,  1098. 

Boosters — QB,    1157. 

Sparking    on   Half    Voltage — QB,    1163. 

Incorrect  Air  Gap — 'JK,   1291. 

Telephone    Generator     QB,    1309,    1464. 

Adjustable    Speed    Motor — QB,    1367. 

Building  Up    Voltage — QB,    1391,    1392. 

Determining  Rated  Voltage — QB,  1495. 

Polarity — QB,    152U. 

SHUNT  AND  COMPOUND  ' 

Operations  of  Motors  as  Generators — 

B.    11.   Cliatto.      T-1,    \\-5S0.      Vol.   XII,    p. 


X. 


The  Regulation  Curve  in  Compound 
Generators — L.  C.  McClure.  C-3,  1-1,  W- 
15711.      Vol.   XIV,   p.    281,   July,    '17. 

Shunt  Field  Protective  Relays — J.  H. 
.Vlhrecht.  C-1,  W-570.  Vol.  XII,  p.  566, 
Dec.    '15. 

Field   Rheostats— E.X, XII, 46. 

Field  Discharge      E.\.."^1I,491. 

Three-Wire    Generators — EN. XII. 383. 

i-arallel  Operation  of  Three-Wire 
Generators-    K.\',    Xlll.    511. 

Induced    Voltage    in    Field — QB,    1028. 

Exciter    Trouble-    i.'i:.    1031,    1134. 

Exciter  Field  Current     QB,   1452. 

Size   of   Exciter— I J  r..    14  53. 

Exciter    Operation     QB.    1352. 

Building    Up  Exciter   Field — QB,    1177. 

Demagnetized  Field     ijB,    1086. 

Regulation — QB,    lus7. 

Balancer   Set — QB,    1169. 

M-G    Sets    for    Moving    Pictures — QB, 


Speed  Adjustment — QB,   1229. 
Compound  Generator — QB,   1231. 
Calibi-ated  Motor — QB,    1232. 
Method   of  Paralleling — QB,    1442. 
ParaUeling    Low    Voltages— QB,     1491. 


11 '.I 


Considerations   in  the  Design  of  Rail- 
way Motors — R.  E.  Hellmund.      1-13,  W 
Vol.    XI,   p.   590,    Oct.,   '14;   p.    645, 


Nl 


'14. 


The  Electrical  Design  of  Railway  Mo 
tors — R.  E.  Hellmund.  Rating.  Speed, 
Efficiency.  T-1,  W-1710.  Vol.  XII,  p 
74,    Feb.,   '15. 

Insulation  Design  for  Railway  Motors 
-  H,  10.  Hellmund.  W-32S0.  Vol.  XII,  p. 
1114.    ,\lar..    '15. 

Railway  Mot  oT  Ventilation — R.  E. 
Hellmund.  T-1,  I-2S,  W-3870.  Vol 
XII.   p.   204,  May,   '15. 

Commutation  and  Flashing  of  Rail- 
way Motors — R.  E.  Hellmund.  C-9,  D-1. 
1-1,    W-i;i00.    Vol.    XII,    p.    29S.    July    '15. 

Mechanical  Considerations  in  the  De- 
sign of  Railway  Motors — K.  E.  Hell- 
iiiund.  Coils.  j;anding.  Commutator. 
Brushholders  and  brushes.  Field  coils. 
1-9,  W-4780.     Vol.  XIII,  p.   200,  May,  '16. 

A  TJniversal  Pressed  Steel  Railway 
Motor— C.  W.  Starker.  1-24,  W-2210. 
Vol,   XI.   p.    581,    Oct.,   '14. 

ilOl    M,    B.   Lambert.     \V-540.  p.    502. 

Direct-current  Railway  Motors  for 
Regeneration — R.  E.  Ferris.  C-2,  D-1, 
W-1700.      Vol   XIV,    p.    434.    Oct.,    '17. 

Electric  Vehicle  Motors — T.  H. 
Schoepf  and  A.  L.  Broomall.  C-5,  1-2, 
W-1390.     Vol.  XII,   p.    112.   Mar.,  '15. 

(E)   Bernard  Lester.     W-570,   p.   90. 

Railway  Motor   Frames — EN, XII, 85. 

Field  Ahead  of  Armature — EN.XII, 
173. 

The  Reversal  of— EN.XIII,318. 
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Locked  Torque — QB,   1315. 

Arc  Generator — yJi,  1016. 

Speed  at  Varying-  Voltage — QB,    1029; 

Operation  in  i^arallel — QU.    liliO,   138  T, 

Cnang-ing    220-Volt    to    110— QB,    1143. 

Rewinding — QB.    ilSl. 

snunt  Motor  without  Tield — QB,  11S4. 

rield  Connections — QB,    1248. 

commutatikct  poi^e 

ConunutatLng-Pole  Machine  witli 
Brusues  On  xteutral — K.  i-..  W  itluuii, 
C-1.     D-IJ,     W-l<ilO.       Vol.    XIXI,    p.     &31, 


-No 


■16. 


I^anunated  Conimutating  Poles — C,  G. 
I^fwis.  JJ-:;.  i-3,  W-IOSO.  Vol.  XIV,  p. 
4s;i.  Dec,  'li. 

Parallel  Operation  of  Commutating- 
Pole  Maciiines — \V.  B.  Weaver.  Droop- 
ing voltage  cliaractei-istlc.  Commutat- 
ing-pole  action.  Brush  lead.  Equalizer. 
C-2,  D-1,  1-4,  W-27'iO.  Vol.  XIV,  p.  Bo, 
Feb.,  '17. 

parallel  Operation — QB,    1434. 

Conuuutating-Pole  Railway  Motor 
Construction — F.  VV.  McCloskey.  Me- 
chanical and  electrical  considerations. 
D-3,  W-2540.     Vol.  XIII,  p.  245,  Sept.,  '16. 

Two  Coinmutating  Poles  on  Pour-Pole 
Motors — EN, XII,  290. 

Checking  Neutral — EN,XII,425. 

With  Biuslies   Off   Neutral — QB,    1408. 

Shunt  Circuit  Open — QB,    1404. 

Couiuiutating-  itolos — QB,  1111. 

Speed  Regulation — QB,  11S2. 

Reactance   Voltage   of — QB,    1206. 

Saving  ol  Weight — QB,  1350. 

Unstanle  Operation  on  Over  £oad — 
QB,    1463. 

Alternating  Current 
AKTEBITATORS 

The  Alternating-Current  Generator  in 
America — B.  G.  i-,amme.  D-2,  1-2S),  W- 
16  00(1.  Vol.  XI.  p.  ;3;  Feb.,  14;  p.  120, 
Mar.,  '14;   p.   221,  Apr.,   '14. 

«iO  GOJ  K.W  a'uroc-Uenerators  of  the 
Interhoro  Company — M.  C.  McNeil.  T-1, 
1-11,    \\-22,U.    \uL    XU,    p.    2,1,    June,    'l.S. 

Iiarge  Turbine  Alternator  Units  ■^—  C. 
M.  Hardin  and  S.  B.  Henderson.  T-3, 
1-1,    \\-31:mi.      \-nl.   XI,    p.   310,    June,   '14. 

CreneratJi.',  Reactance  and  Circuit 
Breaker  Performance  under  Shoirt-Cir- 
cuit  Conditions — F.  D.  Newbury,  W.  M. 
Dann  ana  J.  N.  Mahoney.  Description 
ot  tests.  T-4,  C-7,  D-1,  1-4,  "W-5430.  Vol. 
XI,   p.   18S.  Apr,,  '14. 

(EJ    P.  M.   Bincoln.     W-660,   p.   183. 

Generator  Short-Circuit  Current 
Waves — F.  D.  Newbury.  A  discussion  ot 
terms  and  conditions.  T-2,  C-5,  \V-3215. 
Vol.  XI,  p.   196.  Apr.,  '14. 

Short-Oircuit  Current  of  Alternators 
— F.  T.  Hague.  C-1,  W-llOO.  Vol.  XIII. 
p.   212,  May,  '16. 

The  Vertical  Waterwheel  Generator — 
H.  D.  Stephens.  Mechanical  features. 
Ventilation.  E.xoitation.  1-8,  \V-2090. 
Vol.  XII,  p.  347,  Aug.,  'IS. 

Characteristics  ot  Alternators  when 
Bxcited  hy  Armature  Currents — F.  '1'. 
Hague.  C-2,  \V-1600.  Vol.  XII,  p.  368, 
Aug.,  '15. 

When  May  Alternator  Field  Rheo- 
stats Be  Omitted? — F.  B.  Moon.  E.\ciler 
voltage  stability.  Automatic  voltage 
regulation.  C-2,  D-3,  W-2950.  Vol.  XIV, 
p.   47,   Feb.,   '17. 

Temperature  Tests  on  Niagara  Palls 
Generator — T.  Spooner.  T-5,  C-4,  D-3, 
1-2,   W-2430,   p.   192,   Apr.,  '16. 

X-hase  Rotation — c.  J.  Fechheimer. 
Two-phase,  three-phase  and  six-phase 
machines.  0-9,  D-19,  W-2100.  Vol.  XIV, 
p.  Ill,  War.,  '17. 

Synchronous  Impedance — EN.XII,   85. 

Rotating  Pleld  Construction  —  EN. 
X111.196. 

Dampers— EN,  XIII,  594. 

Short   Circuits — QB,    1096. 

Changing  Voltage — QB,  1009. 

Critical  Speeds — yB,   1025. 

Rating — QB,   lii:;,>. 

Drying — yl',  1084. 

Inherent    Reactance — QB,     1109,     1129. 

Elimination   of  Noise — QB,    1141. 

ibxcitatiun — yi;.    ll^;l. 

Exciting   by  Rectified  A.  C QB,   1236 

Current  in  Frame — QB,  1180. 

Size   of — <.JB,    1293. 

Acceptance  Tests — QB,  1300. 

Heating  of  Laminations — QB,   1323 

Induction    Generator — QB,     1328. 

Reversing    Fields — QB,    1361. 

Steel  Slot  Wedge — QB,    1362. 

Size  of  Air-Gap — QB,   1470. 

Centrifugal  Force — QB,   14S4. 

Construction    of   Rotors — QB,    1490. 

Balancing    Rotor — yl:,    1471,    1535 

Turbogenerator    as    Motor — QB,    1509 

Voltage    with    Unbalanced    Load — QB, 


Parallel   Operation 

Paralleling   Alternators — QB,    1008. 
Phasing   Out — QB,   1101,    1445. 
Synchronizing — QB,    1247,    1258. 
Synchronizing   Connections — QB,    1317, 
1363. 

Open  Field  Circtut— QB,  1333. 

With  Broken  Field  Circuit — QB,    1456. 

SYNCHRONO-aS   MOTORS 

Synchronous  Motor  Operation — Ralph 
Kelly.  Effect  of  increase  in  torque,  line 
voltage,  excitation.  T-1,  C-2.  1-12,  W- 
6190.  Vol.  XIV,  p.  313,  Aug.,  '17. 
.  Performance  Curves  of  Synchronoua 
Machines  —  Q.  Graham.  C-4,  \V-4U95. 
vol.    Xl\.    p.    21,    Jan..    '17. 

The  Application  of  Synchronous  Con- 
densers I  or  Line  Regulation  —  F.  H. 
Farmer  and  E.  V.  caton.  Results  on 
Winnipeg  lines.  C-9,  D-4,  1-2,  W-5570. 
Vol.   XIV,  p.    63,  Feb.,   '17. 

ik-arallel  Operation  of  Synchronous 
Frequency-Changer  Sets  —  F.  D.  New- 
buiy.  T-4,  D-4,  1-3.  W-4510.  Vol.  Xlll, 
p.   542.   Nov.,   '16. 

Varying   Field— EN,XIII,432. 

Starting — QB,    1061,    1209,   1531. 

Syu.  Motor  Trouble — QB,   1083. 

Syn.    Motor  Driving   Pump — QB,    1091. 

Syn.  Motor  with  Open  Field — QB,  1093. 

operation  of   Syn.   Motor — QB,    1121. 

Operating-  at  Low  power-Pactor — QB, 
12U-. 

tower-Factor  Correction — QB,  1313, 
1334.    1407. 

i-uU-Out  Torque-  QB,    1240. 

Aiicit.tv-on    Cii.ii-actdristics — QB,    1243. 

Reversing  Rotation — QB.  124  9. 

Mechanical  Output — QB,   1269. 

Switching  of — yB,   1310. 

Rating  of — Qi:,   1349. 

Voltage  in  Field   at  Start — QB,1372. 

Effect  on  Voltage  Fluctuation — QB. 
13^9. 

Exciter   Losses — QB,    14  79. 

INDUCTION  MOTORS 

The  Evolution  of  the  Polyphase  In- 
duction Motor -P..  S.  Feicht.  1-29,  W- 
,S10.  \ol.  XI,  p.  39S,  July,  '14;  p.  437, 
Aug.,  '14. 

Enclosed  Induction  Motors  —  O.  C. 
Schoenfeld  Temperature  considerations. 
C-3,  I-l,  W-2630.  Vol.  XIII,  p.  388,  Aug., 
'16. 

Metal  Slot  Wedges  in  Induction  Mo- 
tors— Blaine  B.  Ramey.  Their  effect  on 
performance.     T-1,  C-7,  1-4,  W-3080.    Vol. 

XIII.  i>,   407.   Sept.,  '16. 
Magnetic     Wedges — EN, XII. 290. 
Notes  ou  the  Polyphase  Rotating  Field 

— 11.  .S.  Smith.  Reconnecting  motors  for 
different  voltages.  Three-phase  rotor 
with  two-phase  stator.  C-4,  D-1.  1-2. 
\V-29S5.      Vol.  XIV,  p.   346,  Sept..  '17. 

Reversing  a  Tnree-Phase  Motor  —  C. 
W.  Kineaid.  C-4,  D-2,  W-690.  Vol.  XIII, 
p.   1119.  Feb..     16. 

Direction    of    Rotation — QB,    1394. 

Split-Phase  Motor  Starting  Switches — ■ 
F.  S.  Dellenbaugh,  Jr.     1-6,  W-1755.    Vol. 

XIV.  p.   19S.   Jlay,  '17. 

Motors  and  Phase  Converters  for  N.  & 
W.  Locomotives  —  J.  V.  Dobson.  D-l, 
1-11,  \V-1535.     Vol.  XIII,  p.  154,  Apr.,  '16. 

Synchronous  Induction  Motor  —  EN, 
Xlll.   511. 

Uneven  Air-Gap — QB,   1357. 

Single-Phase  Design — QB,    1524. 

Windings 

Reconnecting    Induction    Motors  . — -  A. 

.M.  IniiHe>-.  CUissihcation  of  changes. 
T>itical  diagrams.  Comparative  per- 
formances. Chord  factor.  Phase  insu- 
lation. Possilde  reconnections.  T-2, 
D-24.  W-IO  8S0.  Vol.  XIII,  p.  S5,  Feb.,  '16. 

(E)   R.  B.  Hellmund.     V^^-420.     p.  67. 

Polyphase  Motor  Connection  Diagrams 
—A.    M.   Dudley.     Vol.   XIV,   '17. 

I — Two-Pole  Motors.  D-6.  I-IO,  W- 
1320.      p.    191,   May. 

II— Four-Pole  Motors.  D-9.  W-200. 
p.   2  46,   June. 

(E)    Chas.    R.    Riker.      'W-320.      p.    169. 

in — Six-Pole  Motors.  D-12.  p.  276, 
Julv. 

IT — Eight-Pole  Motors.  D-12.  p.  320. 
Auk'. 

V— Ten-Pole  Motors.  D-12.  p.  354. 
Sept. 

VI — Twelve-Pole  Motors.  D-IS.  p. 
438,  Oct. 

■VII — Fourteen-Pole  Motors.  D-12.  p. 
479,   Nov. 

Mistakes  in  Induction  Motor  Windings 
—A.  M.  Dudley.  1-2,  \V-1652.  Vol.  XIV. 
p.    SO,.    Dec,   '17. 

(E>    Clias.  R.   Riker.     'W-290,   p.   485. 


Checking  Induction  Motor  Connections 

— F.  D.  Newbury.  C-8,  D-2,  -W-lieO.  Vol. 
XIV,   p.    509.    Dec.  '17. 

Winding  Small  Single-Phase  Indnc- 
tion  Motors  -1-.  A.  M.  Weber.  D-19,  -W- 
13311.      \'..l.    XIV.   p.    1S9,   Mav.  '17. 

Rotor   Windings— EN, Xll,!>5,  QB.   1546. 

Rotor   Diagrams — yl'.,    1534. 

Single-Phase  Windings — QB,   1102. 

Phases   Cross-Connected — QB,   1099. 

Wii-irg   Diagram-    i"J  B.    1142. 

Windings- -Ql'..    1152.    11S9,   1400. 

Changing  2-Ph.  to  3-Ph. — QB,  1234; 
1364. 

Changing  3-Ph.  to  1-Ph. — QB.   1439. 

Changing  1-Ph.  to  3-Ph. — QB.  1515. 

Chai.gi.  g    Voltage      yB.    1457. 

Changing   Speed     ijl!.    1165,    1201. 

Two-Phase    Trouble--QB,    1187. 

Insulation  on  Squirrel-Cage — QB,  1215. 

Uneven  Air-Gap     i..ir..   1262. 

Reversed  Coil     ijl:,    1268. 

Drying  Out     i.J  I ;.    lus:!. 

Consequent  Poles     i.JB,    1324. 

Test  for  Grounds     yiB,    1373. 

Repulsion  Motors     i.JB.    1377, 

Number   of   Poles     LJIi,    1378. 

Direction   of   Current — QB,   1382. 

Reversed  Phase     yl!,  13S5,  1390. 

Grourded   Motor-    y I'..    1376. 

Unequal    Coils  per  Pole — QB,    1418. 

Rewinding  Repulsion  Motors  —  QB, 
144-;. 

Repairing  Bum  Out — QB,   1530. 

Uaid    Solder— yB,    1526. 

Polyphase  Induction  Motor  with  Sin- 
gle-Phase Secondary — R.  G.  Lamme.  1-6, 
W-16I1I1       v,,i.   XII.   p.   394,   Sept.,  '15, 

(K)    I'     -\l.    Lincoln.      W-390,    p.    385. 

Calculating  the  Performance  of  Poly- 
phase  Induction  Motors  —  Luther  H. 
.lam.-.'i.  Siini>liiie,l  method  for  determin- 
ing |,.i  r..riiKnHe.  T-2,  C-2.  D-1,  W-3120. 
Vol.    .\l\-,    11.    117,    M:u-..    -17. 
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ESect  of  Voltage  or  Frequency  Varia- 
tion on  Induction  Motor  Characteristics 

—  B,  W.  Smith.  T-1,  C-2,  W-1570.  Vol. 
XIV.   p.  105,   Mar.,  '17. 

(E)    l-lias.    R,    Riker.      W-350.     p.   87. 

EGTect  of  Over  Voltage  —  QB,  1076, 
1493.    1".  17.    l.'.2S. 

40  Cycle  Motor  on  60  Cycles     QB,  1437 

Sixty-Cycle     on     25-Cycles— QB.     1194. 

Characteristic  Curves  of  the  Induc- 
tion Motor— C.  .v.  J[.  Weber.  C-3,  W- 
59".     Vol.   XI,   p.   4S4,  Sept.,  '14, 

(E)    \.    M.    DuiUey.      W-UO.    p.    459. 

Induction  Motors  for  Varying  Speed 
Service — .\itbur  .1.  Motver.  C-1,  W-1550. 
Vol.  XI.  p.   4.V.-.,   Sept.,  '14. 

(E)    .\.   M.    Dudley.  W-410,  p.    459. 

Speed  Adjustment  of  Alternating-Cnr- 
rent  Mill  Motors — G.  E.  Stoltz.  By  ro- 
tary converter  and  motor-generator 
auxiliiiric-.s.  C-5,  D-2,  1-4,  ■VF-6145.  Vol. 
XI,    p.   277.    Mav.   '14. 

(I-:)     \V.    Svkes.       W-525,    p.    240. 

The  High-Slip  Induction  Motor  in  Fly- 
wheel Applications  —  Blaine  B.  Raniev. 
W-SSO.      \-ol.  XII,  p.   502.   Nov.  '15. 

Interpretation  of  Test  Data — C.  A.  M. 
\Veber.  Single-pliase  squirrel-cage  mo- 
tors, by  circb-  diagram.  T-2,  C-4,  D-3. 
W-2170.      \-ol.    Xlll,    p.    381,   Aug,.   '16. 

Regenerative  Braking  with  Polyphase 
Induction  Motors  -II.  <";.  Jungk.  D-1, 
\v-iri:;n.     \-,,i.  xiii,  p.  371.  Aug.,  '16. 

starting  Current  -i;.N,XTI. 338. 

Speel-Torque    Curves — l';.\.XII.491. 

Single-Phase     Motor     Trouble  —  QB, 
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Power-Factor-QB,   1108.  1339. 

Load  Calculation     QB,   1160. 

Arcing  between  Slip  Rings — QB,   1199. 

Characteristics-    i.jB.    1263. 

On  Single  Phase-    QB,  126S. 

Incorrect   Frequency — QR.    1268. 

Dynamic   Braking-  QB,    1289. 

Vibration  of  Rotor — QB,   1326. 

Interral   Resistance    Type — QB,    1338. 

Flashing  in  Spider     QB,  1347. 

Starting  Toraue  -ijl:,   13.S6. 

Phase-Wound-    yl'..    1414. 

Opening  Stator  or  Rotor  Circuits  First 

— yiB.   1 1,^.1. 

Cun-ent   on   Reversal — QB,    1476. 
Noisy   Operation — QB.    1500. 
Effect  of  Extra  Long  Rotor— QB.  1506. 
Rotor   Voltage — QB,    1532. 
Two-Phase     Motor     with      Negative 
Wattmeter  Reading — QB,    1545 

Trsting 

Three-Fhase      Impedance      Test      with 
Single-Phase — QB.   1203. 

Testing   for  Grounds — QB,    1245. 
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Instruments  for — QP.  1403. 
Determining  Rated  Voltage — QB,   1495. 
Equivalent    Iioaa    Method — QB,    1505. 


SERIES   MOTORS 

Single-Phase    Commutator    Motors — R. 

E.  Hellmund  and  J.  V.  Dobson.  Funda- 
mental principles.  D-33.  \V-5600.  Vol. 
XIII,  p.  112,  Mar.,  '16. 


Single-Phase    Coium.ntator  Motors — R. 

E.  Hellmund.  Staler  excited  single- 
I>hase  motors.  jNIethods  of  inodifying 
phase  relations.  Methods  for  varying 
field  strength.  Speed  regulation.  Tlie 
transformer  conductiun  motor  on  the 
Pennsylvania  railroad  trunk  line  elec- 
trification at  Philailelphia.  1-4,  D-5S, 
W-115S0.  Vol.  XIV.  p.  322.  Aug.,  '17; 
p.  3i;3,  Sept.,  '17:  p.  3;i0,  Oct.,  '17. 
Series   Single-Phase  Motox — QB,    1255. 


Direction  of  Rotation — QB,  1252. 
Speed    Variation — QB,    13SI. 

Fan  Motors 

Testing  of  Pan  Motors — O.  F.  Rowe. 
T-1,  C-2.  D-1.  1-:;,  W-19'JO.  Vol.  XIII,  p. 
412,   Sept..    '10. 

Pan  Motor  Iiubrication — E.  W.  Den- 
man.  T-1,  1-4,  W-2105.  Vol.  XIV,  p.  178, 
Mav.   '17. 

Skein  Windingrs— QB,  1422. 


TRANSFORMATION 


RECTIFIERS 

Charging  Apparatus  for  Automobile 
i;ighting  Batteries— (-J.  A.  i  :iaikL'tt.  Vi- 
bratiiin     and     Hicrrur>      vaiiui      i  ..t ilier.s. 

D--1.  I-.'.,  w^siaii.     \-..i,  XI.  p.  :;.'.4,  .iuu,-,-i4. 
Mercury   Arc 

The    Mercury    Arc    Rectifier   —    Q.    A. 

Brackett.  For  charging  electrical  vehi- 
cle batteries.  D-1,  1-4,  W-2170.  Vol. 
Xllt,   p.  37,  .Jan..  '16. 

Charging  Single  Starting  and  Lighting 
Batteries  With  a  Mercury  Arc  Rectifier 
~A.  L.  ..\lliert..ii.  I>-L',  1-3.  W-li;,%n.  Vol. 
XIV.   p.    177.    .May.   '17. 

Charging  Storage  Batteries  in  Tele« 
phone  Centi-al  Stations — Q.  A.  Biaokett. 
1-4.   \\-li;tii.      \-oI.   Xl\',   p.   244,  June,   '17. 

Mercury  Arc  Rectifiers  for  Moving 
Picture  Arcs  -11.  ^M.  Wible.  C-2.  D-1, 
1-.!.    W-lliHi.      Vol.    XI.   p.    376,    June,   '14. 

Lead-in   'Wires — QB,    1024. 

Lmut    of   Size — QB,    1024. 

Dist.ince  Between  Electrodes — QB. 
10611, 

Mercury  Rectifiers — QB.  1168. 

Por  Motor  Service — QB,    1303. 

Life    of   Bulb— QB,    14s:;. 

Mechanical 

The   Pield  for  Mechanical   Rectifiers — 

A.  I,.  .-\llieit..n.  11-1,  1-1,  W-lSiOO.  Vol. 
Xlli,    p.    :i.   Jan..   '16. 

Vibrating  Rectifier — QB,    1369. 

Electrolytic 

El3ctrolytic— QB,    123n,    12S1. 

ROTARY    CONVERTERS 

The  History  of  the  Rotary  Converter 
in  America  1-^.  i'  .XewliuiN.  i  >--.  1-24, 
\\-i:i!Ml.       \-.,l.    .Ml.    p.    i;7.    .Ian,,    'l.'.. 

Synchronous  Booster  Rotary  Convert- 
ers— J.  B.  McK.  Yardlev.  Armature  and 
field  windings.  C-1,  D-6,  1-6,  W-4715. 
Vol.  XI,  p.  267,  May,  '14. 

(E)    E.   P.  Dillon.     W-610,   p.   239. 

Conunutating-Pole  Windings  of  a  Syn- 
chronous Booster  Converter — M.  W. 
Smith,      c-l.    11-2,   AV-1711;,      Vol.    XIV,    p. 
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Rotary  Converters  vs.  Motor-G-enera- 
tor  Sets  for  Industrial  Service — George 
I',  Bmix,  I'ciwer-factor.  Starting.  Hunt- 
ing. Ee..n<.iiiie  features.  D-1,  C-2,  W- 
4.'iO(i.      V.d.   XII,   p.    138.    Apr..   '15. 

(E)    E,    P.   Dillon.     W-siii.   p,    130. 

Susceptibility  to  Disturbances  —  QB, 
1511, 

Substation  Converting  Apparatus — C. 
F.  Llovd.  The  application  of  converters 
and  motor-generator  sets.  C-3.  1-4,  VSr- 
3210,      Vol.  XII.   p.  147,  Apr.,  '15. 

(El   E.  P.  Dillon.     W-SIO,  p.  130. 

Sixty-Cycle,  1500-Volt  Rotary  Con- 
verters— 5j.  stall!  On  the  Piedmont 
Bines,  1.1-2.  1-4,  W-2650.  Vol.  XII,  p. 
154.  .\pr,,  '15. 

Parallel  Operation  of  Synchronous 
Converters — F.  D.  Newburv.  D-4.  W- 
1250,      Vol.   XIV,   p.   274,   July.   '17. 

J  ^ -a  lei  Cparatiou   -QB    1543. 

Relation  of  Trolley  Feeder  Taps  to 
Machine  Flash-Overs-Chas.  H.  Smith. 
'I'lie  taps  sli.nild  be  at  a  distance  from 
the  station.  1-1,  \V-2r,10,  Vol.  XII,  p. 
44.   Jan,,   'ITi, 

Effect  of  Wave  Form— E.V, XII.   S5. 

Sparking  on  Self-Starting — EN, XIII, 
396, 

Compounding    of — E.NI,XTTI,    4  32. 

Self -Starting- -E.\. XIII, 553. 

Field  Connections  for  Self-Starting 
Converters-  E.\,X1V.37, 

Three-'Wire    Connections — EN. XIV. 2 S7. 

Three-Wire  Converters  —  QB,  1049, 
1217. 


Starting  Connections — QB,  1420,  1533, 
1542. 

Voltage  Ratios- ijl:.   11S3. 

Protection   of — Q  I  ■..    1071. 

Accidental  Ground-   QB,  1095. 

25  Cycle  on  eO  Cycles— QB,   1130. 

Converter  Neutral-   OB,   1136. 

Emergency  Starting  of  Six-Phase 
Converter     i.i  I ;.    l-l',i.    1435,    1496. 

Operation  in  Series--QB,   1264. 

Elfect    of    Excitation    on    Load    —    QB 

Lightning  Arresters  to  Prevent  Plash- 
over — t,lB.    127  6. 

Varying  Speed — QB,    1M27. 

Size   of- QB,   1374. 

Flashing  of  Starting  Switch  —  QB. 
13\,s, 

Reversal  of  Polarity — QB,   1444. 

Damper    Windings — QB,    144  7. 

Pedestal  Flashing  —  QB,   1465. 

Phase   Voltage — QB,    14S8. 

STORAGE    BATTERIES 

Operating  Characteristics  of  Lead 
Acid  Storage  Batteries  —  .1.  H.  Tracy. 
T-1,  C-6.  W-30SO.  Vol.  XIII,  p.  '17,  Jan., 
•16. 

Charging  Edison  Storage  Batteries — 
E.    .1.    Boss.    Jr.     C-3,    I-l,    \V-1640.     Vol. 

XIII,  p.    25.    Jan.,    '16, 

Battery  Charging  Equipment — T.  H. 
Schoepf  and  A.  M.  Candy.  Types  of 
batteries.  Constant  current,  constant 
potential  and  fixed  resistance  charging. 
Charging  in  series  and  in  parallel.  D-1, 
1-12,  AV-7210.     Vol.  XIII,  p.  2S.  Jan..  '16. 

M.  G.  Sets — H.  A.  Campe.  For  start- 
ing, lighting  and  ignition  Ijatteries.  1-3, 
W-s5o:      Vol.    XIII,    p.    40,    Jan.,   '16. 

Charging  Storage  Batteries  in  Tele- 
phone Central  Stations --t^.  .\.  I'.rackett. 
1-4.    \\-164ll.      \'ol.   XIV,    p,    244.    .lune.   '17. 

Charging  Single  Starting  and  Lighting 
Batteries  With  Mercury  Arc  Rectifier — 
A,    I,.    .Vtli. -11.11,,      li-L',    1-3.    W-1250.      ^'ol. 

XIV.  ].,    177.    .Max-.    '17 

Storage    Battery   Operation — QB,    110ft. 
Lead    Burning-    o  I '■,    loilO. 
Battery    Cases-    '.H:,    12  24. 
Counter  E.  M.  P.  Cell— QB.    1261. 
Cadmium    Readings — QB,    1316. 
Plate  Assembly — QB.    14  67. 

TRANSFORMERS 

General 

The  Essentials  of  Transformer  Prac- 
tice— B.   G.   Reed. 

I — The  Evolution  of  the  Transformer. 
1-6,  W-2490.     Vol.  XIV,  p.   271,  July,  '17. 

(E)    Chas.    R.   Riker.      W-450.      p.    259. 

H — Copper  Loss.  Calculation.  Eddy- 
currents.  1-2,  W-2S00.  Vol.  XIV,  p.  307, 
Aug.,  '17. 

Ill — Iron  Loss.  Quantitive  expres- 
sion. Separation  into  components. 
Thickness  of  lamination.  Variations. 
Exciting  current.  C-13,  W-5145.  Vol. 
XIV,  p.  357,  Sept.,  '17. 

IV — General  Relations.  Between  cop- 
per and  iron  loss.  Equivalent  total  loss. 
Variation  of  iron  loss  with  fi-equencv, 
K.v.a.  output.  C-4,  W-2940.  Vol.  XIV, 
p.   475,   Nov.,  '17. 

V— Efficiency.  T-2,  C-3,  ■W-1530.  Vol, 
XIV.   p.    499,    Dec,   '17. 

Thermal  and  Mechanical  Features  of 
Transformer  W^indings — W.  M.  McCon- 
aliey.      1-12,    \V-2S0O,      Vol.   XIII,    p.    159, 


Self-Cooling    Transformers    —   W.    M. 

Dann.  Radiator  type.  I-IO,  W-2280. 
Vol.  XII.  p.   134,  Apr.,  '15. 

(E)   W.  M.   McConahey,  W.  :!S0.  p.   130. 

Mecharical  Stresses  in  Transformers 
~J.    P.    Peters.    1-7,    W-22S0.      Vol.    XII, 


A  pi 


Transformers  of  Large  Current  Capac- 
ities- V.  E,  Alden,  1-5.  \V-2270,  Vol. 
XIV,  i>.    147.   Apr.,  '17. 

High  Voltage  Distributing  Transfor- 
mers— E.  G.  Reed.  C-2,  1-9,  W-lnlO.  Vol. 
XI,    p.   33S.      June,   '14, 

22000  Volt  Distributing  Transformers 
— E.  G.  Reed.  1-5,  W-,S30.  Vol.  XIII,  p. 
297,   June.   '16. 

The  Evolution  of  the  Transformer — 
J.  S.  Peck.  1-19,  W-4340.  Vol.  XI,  p. 
476,  Sept..  '14. 
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Manhole  Transformers  for  A.  C.  Dis- 
tribution —  E.  G.  Reed.  1-3,  \V-1200. 
\"ul.  .XTI.  p.  515.  Nov.,  '15. 

The    Circle   Diagram   for   Single-Phase 

Transformers  —  Chas.  Fortescue.  D-2, 
W-IMMi.      Vol.  XI,   p.  449.     Aug.,  '14. 

I  I'll     Clias,     I!,     Riker.      W-470.      p.     420. 

The  Circle  Diagram  for  Single-Phase 
Circuits  -  Chai  lis  Fortescue.  D-2,  \V. 
2II0II.      \-..l.    XIII.    p.   428,   Sept.,   '16. 

Interlacing    Coils — EN, XII, 290. 

Variations  of  Core  Flux  with  Load — 
E.x.xii.mi. 

Pancake    Coils— EN, XIV,203. 

Definition    of    Primary — QB,    1153. 

Grounding  Cases  — QB,   1158. 

Switching  Practice — QB,    1186,    1402. 

Cleaning  Cooling  Coils  —  QB,  1237, 
12»,S. 

Largest  Size — QB,   1284. 

Fuses  for— QB,  1331. 

Tesla  OsciUator — QB,   1345, 

Constant    Current — QB,    1537. 

CONNECTIONS 

Experience  on  the  Road — A  peculiar 
trarislMriiiii  c.inneetion — L.  M.  Klauber. 
D-1.    V'-7vO,      \-ol.    XI,    p.    235,    Apr.,    '14. 

Three-Phase  Shell  and  Core-Type — • 
EX..\  I  1 1,.5:)7, 

Interconnected    Star — QB,    1007. 

Grounded  Neutral — QB,   1171. 

Series   Operation — QB.   12S6. 

Taps    on   Delta— QC,    1335,    1375. 

Nomenclature-  c J B.    1342. 

Boosting'    Transformer — QB,    1343. 

Circulating  Current — QB,  1368. 

Grounded  Star— QB,   1393. 

Reversal  of  Middle  Windings  —  QB, 
iir.i. 

Emergency    Six-Phase — QB,    1435. 

Static  Potential  to  Ground — QB,    1461. 

Rating  of  T— QB.  1518. 

One  Ph.  from  3  Ph.— QB,  1010,  1080, 
124  2, 

Two  Ph.  to  3  Ph.— QB.  1043,  1112, 
1114.  ir.sii. 

Paralleling  Scott  Con. — QB,   1046. 

Regulation    of — QB,    1503. 

Open  Delta 

The   Open   Delta   Connection  —   J.    B. 

Gibbs.     T-5.   D-9,  W-2550.     Vol.  XIII,   p. 

100,   Feb.,   '16. 

Rating   of   Open  Delta — EN,XIII,554, 
Open  Delta— QB,  105",  1139,  1154,  1172. 

1173,    1191. 
Parallel 

Star  and  Delta  Transformers  In  Par- 
allel— EN.  XII,   530. 

Parallel  Operation  of  —  EN, XII, 338; 
QB.    1221, 

Phasing    Out- QB,    1063,    1421,    1487. 

Parallel  Operation  of  Star  with  One 
Transformer    Burned    Out — QB.    1468. 

Paralleling     i,Ji:.   1274. 

ParalleUng  3  Ph. — QB,  1017, 

POLARITlf 

Polarity    of    Transformers    —    W.    M. 

Iiaiin.  T-I.  D-13,  V\r-3500,  Vol.  XIII,  p. 
350,   July,   'li;. 

Polarity  of  Single-Phase  Transfor- 
mers- .M.  A.  Smith,  Jr.  D-4,  V^'-1040. 
Vol.    XII.    p.    S3,   Feb.,    '15. 

Polarity— QB,    1525. 

PERFORMANCE 

Transformer  Efficiency  and  Regula- 
tion—W,  11.  MrConahey.  T-1,  C-3.  W- 
L'340.      Vi.l.    XIII,   p.   206,   May,  '16. 

Exciting  Current — E.  G.  Reed.  Its  ef- 
fect I  11  I  he  npeiatinn  of  distributing 
tran.sl,.ini.-rs.  C-1,  D-1.  W-780.  Vol. 
XIII.   p,    '.19.  Feb.,  '16. 

Exciting-  Current— QB,  1116. 
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Magnetiziug'  Current — QB,   1279. 

Dissimilar  Transformers  in  Delta — J. 
Ij.  Gibbs.  D-1,  W-1000.  Vol.  XIV,  p. 
356.  Sept.,  '17. 

Leakage   Reactance — EN.XII.3S3. 

50  Cycles  on  25  Cycles — EN. XIII. 396. 

Change    of    Frequency — QB,    1023. 

Unbalanced    Load-yB,    1020. 

Batio — IJll.    lOCC,    1094,    1256. 

Temperature — Ml'.,    1336. 

B-H   Curve— Q P..    1369. 

Power   Factor   at   No-load — QB,    1371. 

Charging    Current — QB.   13T9. 

Bating-  without  Oil~QB,  1399. 

Beg-ulation — CjB.    1416. 

Calculation    of    Currents-   '.J B.    1449. 

Instantaneous  Direction  of  Current — 
QB.     1450. 

Switching — QB,    1459. 

TESTING 

Iioading  Back — QB,    103". 
Capacity  for  Testing — QB,   1037. 
Equivalent    IiOad — QB,    1527. 

SERIES 

With  Open  Secondary — EN,  XII,   338. 


In  Parallel— QB,   1135. 
Connected  in  Series — QB,   1233. 
Split    Core— QB,    1211. 
Through    Type — QB,    1253. 
Design — QB.   IITS. 
Compensation — QB,   1306. 
Z    Coiv:  .    Sons — QB.    146'.'. 
Prot-ic  ■-•-1     hy     Film    Cut    Outs — QB, 
1541, 

AUTOTBANSFORMEBS 

Autotransformers — E.  G.  Reed.  C-1, 
n-2,,  \V'-1110,  Vol.  XIII,  p.  150,  Mar.,  '16. 

Autotransformers  on  Grounded  Sys- 
tems— W.  R.  Woodward.  For  starting 
i-onvfrteis  and  motors.  U-4,  W-900. 
Vol.   XIII.    p.    549,    Nov.,   '16. 

On    Two-Phase — QB,    1140. 

Capacity   of— QB,    I3S6. 

REACTANCE    COIIiS 

Cnrrent-Iiimiting      Beactance — H.      H. 

Rudd  and  W.  M.  Dann.  Application.  Lo- 
cation. Regulation.  C-4,  lJ-2,  1-3,  W- 
3310.      Vol   XIII,   p.    2x0.   June,   '16. 


Current   limiting   Beactance    Coils — J. 

P.  I'eters,  1-4,  \V-1540,  Vol.  XI,  p.  202. 
Apr.,   '14. 

Mechanical  Stresses  in  Beactance 
Coils— W.  M.  Dann.  T-2,  C-7,  I-l.  \V- 
22S0.   Vol   XI.    p.   204,   Apr.,  '14. 

IE)    P.   M.    Lincoln.   W-660.   p.    183. 

Percent    Beactance — EN,Xn.l73. 

Current  limiting— EX. Xlll. 318;  QB. 
1311. 

Beactors    ■without    Iron--QB,    1322. 

Inductance  at  low  Uagnetic  Density 
— QB.    1426. 

Bating— QB,    1845. 

Oil 

The    Care    of   Transformer   Oil — C.    S. 

Lawson.  Tests.  Filters.  1-4,  W-2980. 
Vol.  XTI,   p.   188,  May.  '15. 

Flash    Point — EN,XI1,S5. 

Filtering— QB,    1162. 

CONDENSERS 
Capacitance  of — QB.   1124. 


TRANSMISSION 

CONDUCTORS  and  CONTROL 


GENERAL 

(See  also  Theoiy.   p.   4) 
The    Circle  Diagram   for   Single-Phase 
Circuits — Charles   Fortescue.        n-2.     \V- 
2U40.      Vol.    XIII,    p.    428,    Sept.,   '16. 


Power-Factor 

Effects  of  line  Power-Factor  on  Motor 
Power-Factor   -EN. XII. 173, 

With  Synchronous  Motor — QB,  1313. 
1334. 

Of  Induction  Motor— <.il'..  133!). 

At  No-load  on  Transfornier — QB,  1371. 

Composite    Power-Factor — QB,    1458. 

Substation    Power-Factor — QB,     1460. 


SYSTEMS 

Electric  Development  in  California — 
J.  A.  Brittoii.  W-740.  Vol.  XII.  p.  229. 
June.   '15. 

Experience  with  150000-Volt  Trans- 
mission— Edward  Woodbur.v.  C-1,  I-U, 
W-2660.      Vol.   XII,    p.    256.    June.    '15. 

Higher  fiirect-Corrent  Voltages — C. 
S.  Cook.  (E)  W-530.  Vol.  XI,  p.  501, 
Oct..    '14. 

Distribution  line  Becords — F.  R.  Hea- 
ley.  1-2.  VV-600.    Vol.  XII,  p.  276,  June,  'IB. 

D.  C.  Transmission — QB,   1272. 

Alternating    Current 

Single-Phase  loads  from  Polyphase 
Systems  —  B.  G.  Lamme.  Futility  of 
transformer  connections.  The  rotating- 
phase  converter.  C-1,  D-3,  W-3070.  Vol. 
XII,   p.  261,  June,  '15. 

A  Study  of  Three-Phase  Systems — 
Chas.  Fortescue.  Star-star,  delta-delta, 
star-delta  and  ^delta-star  connections. 
T-1.    C-4.    D-7,    I-l,    W-6210.      Vol.    XI,    p. 


461. 


•M. 


Single-Phase,  Two-Phase  and  Three* 
Phase  Distribution  —  George  P.  Roux. 
■'■1.     IJ-T.     W-2560.       Vol.     XIII,     p.     385, 

■   IIK.,     '16. 

K)  Charles  Fortescue.     W-580,  p.  363. 
■'^balanced  Voltages — QB,  1238. 
Variations  in  Frequency — QB,    1205. 
Grounded  S<-'--  Connections — QB,  1427. 


Calculation  oi.  •"' natant- Voltage 
Transmission  lines — H.  1:  U wight.  C-1, 
W-2130.     Vol.  XI.  p.  487,  SCi.l.     :4, 

(E)   R.   P.   Jackson.     W-420.   i      '.35. 

Constant  Voltage  Operation  oi  the 
Winnepeg  Transmission  System — L.  .\. 
Hei-dt  and  E.  1 1.  Burr.  C-n,  I-l,  W-34r,i', 
Vol.    XTI,    p.    3117.    Sept..   '15. 

A  Chart  for  Estimating  A.  C.  lines — 
H.  B.  L-,'  -hi.  T-1.  D-7,  W-1560.  Vol. 
XII,    p.    3  ■  -ly,   '15. 

Phasing  Out  B-igh-Tension  lines — 
E.  C.  Stone.  F  >!-  i-:'rallel  opei-ation. 
D-4,  I-2,W-2040.Vol.  X±V.  -,    44S,  Nov. ,'17 

(E)    Chas.    R.    Rike!- -■     n     447 

Design — QB.  1179, 

Size  of  Wire — Qj;,   i      ■ 

Snxrea — QB,  mvi. 


Power-Factor— QB,     1013,    1082. 
Vector  Belations — QB,  1019,  1042. 
Charging    Current — QB.    1370. 
Electrolier  Wiring  Scheme — QB,   1132. 

Overhead 

The  Bisk  Involved  in  Directing  a 
Stream  of  Water  onto  a  High-Tension 
line-   T-2.   C-3.    1-1,   \\--l34ii.     V'd.   XI.   p. 


A  111; 


■1  I, 


Induced   Current — QB.    1265. 

Voltage  to  Neutral— QB,   1302. 

Insulating    Guy    Wires— QB,    1360. 

Cost   of  Transmission     *.JB.    1026. 

Transmission  Data      '.'I:,    ll'3'.t. 

Choice    of    Voltage     ',>!;,    lii.il. 

Stresses  Between  Conductors  —  QB, 
1113. 

Grounding — QB.   1115. 

Testing  Grounded  Connections  —  QB, 
1133. 

Transposition — QB.    1474. 

Underground 

Cable   Troubles— QB.    1059. 
Drying  Cable  -QB.    1117. 
Size  of  Cable    -QB,    1127. 
Heating    in     lead     Cables — QB.     1290. 
1508. 

Supporting  and   Retaining   Devices 

Poles  and   Crossarms — W.   K.    Vander- 

poel.  Their  preservative  treatment. 
D-1.  I-IO,  W-4625.  Vol.  XIII,  _s.  274, 
June,   '16, 

Development  of  a  Pole  Hoistlngr  I>er- 
rick— AV.  A,  L.aDue.  D-3,  1-3,  W-720. 
\-.d.   XI.   I).    367.   June.   '14. 

Insulator   Cement — QB,    1145. 

Cement  Dust  on  Insulators — QB.   141" 

Conductors 

Copper  Wires  and  Cables — J.  J.  Keye.'?. 
Cliaracteristics.  Resistivity.  Methods 
of  stranding.  Insulation.  Tests.  T-1, 
1-5.  W-4150.     Vol.  XIV,  p.  451,  Nov.,  '17. 

Skin  Effect — H.  B.  Dwight.  Of  a  re- 
turn cii-cuit  of  two  adj'acent  strap  ctm- 
ductors.  C-2.  D-1,  W-1540.  Vol.  XIII, 
p.   157,  Apr..  '16. 

Skin  Effect- QB.    1123,   1319. 

Bemoving  Insulation — QB,   1137. 

Bare   vs.  Insulated   Wire — QB,    1354. 

Insulated  Haul  Bope — QB,   1174. 

Iron   Wire      i,i|;.    Ill'' 

Capacity    of    Bus-Bars — QB,    1176. 

leads  from  D.  C.  Gen. —  QB,    1214. 

Iron  vs.  Bronze  Moving  Contacts — QB, 
l:;r.i. 

Cnrrtnt   Capacity — QB.    1436. 

Resistance   of  Copper — QB.    14S0. 

'■-•   and  Steel  -W-ires — QB,    1481.    1532. 

SWITCHBOARDS 
General 

."Electrically-Operated    S-nritchboards — 

H.  .\.  Travers.  Control  equipment.  Cir- 
cuit breaker  structure  arrangements.  C- 
1.  D-1,  T-53,  W-7000.  Vol.  XII.  p.  507, 
N'ov.,    15;  p.  647,  Dec,  '16. 


The    Evolution    of   the    Switchboard — 

H.  V.  Rowe.  Meters.  Switche.s.  Panels 
Oil  circuit  breakers.  .Xrrangenicnt. 
1-60,  W-10  150.  Vol.  XII.  p,  320.  July, 
■15:    p.    3711.    Ang,.    '  1  .S ;    p,    Ins.    S.-i.t..    '15. 

The  load  Dispatcliing  Syistem  of  the 
Public  Service  Electric  Company  of  New 
Jersey  .1.  T.  l.a\vs,.ii.  T-1.  1-2,  \V  51(ii> 
\'..l.    .\  I.    |.    cuj.    c  i,,|,.     11. 

The  System  Operating  Department  of 
the   Diiquesne   light   Company  I-;,    c. 

Stone.  I-l,  \\--22(-,li.  Vol,  XI,  p.  6115, 
Oct..    '11. 

load  Dispatcliing  System  of  the  Pitts- 
burgh Bailways  Company  .1  W.  Welsli. 
I-::.    \\-l: ,      \-.il.    .\l,    |.,    i;"7.    n.i,.   -]  i. 

Mechanical  Stresses  Between  Elec- 
trical Conductors  in  Air  and  in  the 
Vicinity  of  Magnetic  Material  K.  (' 
Ralid.-ill.  C-4.  1-13.  \V-.-!22".  \'ol.  XU". 
1).    2S3,    J\lly,    '17. 

Bepnlslon  between  Bus-Bars-  .S.  G 
I^.-..lKud  .-ind  Clias,  U.  Hik.r,  C-1.  \\ - 
2u-_'ii.       \-,,|.    XIV.    p.    1111.    Di-.-..    -17. 

Comparison  of  600,  1200  and  2400- 
Volt  D-C  Bailway  Switchboard  Practice 
-11,  Wormian.  D-9.  ^V-10'.MI,  Vol.  XII. 
p.   1.-..-..   int..  -15. 

Switchboards  for  Frequency  Changer 
Sets-A.  L.  Harvev.  1-2.  W-1900.  Vol. 
XII.    p.    SI.    Feb..    ■1.'-,. 

Protection  of  Motor-Generator  Sets  in 
Parallel  on  High  Voltage  Direct-Current 
Systems  K,  F.  N'els..ii.  D-1.  1-1,  W- 
430,      Vi.l.   XII.   p.    10,-<.   .Alar..    '15. 

Safety    First    Switchboards  —  EN, XII, 


56,s 


Bus    Clamps  -E.Y. XIII. 554. 

Metal    Bus-Bar    Clamps — QB,    1521. 

Connections    -QB,    101.",.    1072. 

Groiind  Detector — QB.  1032,  1318,  1340. 

Skin   Effect  -QB.    1319. 

Synchronizing  Growler — QB.   1353. 


Interrupting    Devices 

Oil  Clrcnit  Breakers  and  Their  Appli- 
cation—J.  B.  .Mac.VeiU.  1-7.  \V-33fi0.- 
Vol.  XIII.  p.  364.  .Aug..  '16:  T-1,  D-1, 
\V-1030,       II.    547.     Nov..    '16. 

Connection  of  Current  Tranoformers 
— QP..    1472, 

Outdoor  Switch  and  Circuit  Breaker 
Apparatus  ,1.  .V  .M  :.hc>ii,\  ,  I-:'o.  \V- 
Po-.o       A.. I,    XI.   p     ■;(-,-,    .Inn.-.    -14. 

The  Effect  of  limiting  Reactances  on 
the  Application  of  Oil  Circuit  Breakers 
— J.  X.  Mahonev.  C-2.  \V-79n.  \a\.  XI, 
p.    200.    Apr.,    '14. 

(E)    P.    M,    Lincoln,      \V-660.    p.    1,S3, 

Testing   large    Oil   Circuit    Breakers — 

J.    X,    -Alal ev.      C-1,     1-4.    ■\\--llMil,       V..1. 

XIII.    p.    .".!.ii.    11,.,...    -16. 

The  Deslg-n  of  Oil  Circuit  Breakers 
for  Quantity  Manufacture — .1.  N. 
Mahonev.  T-1.  1-21,  W-2370.  Vol.  XII 
p.    387.    Sept.,    '15. 

(E)    Chas.    R,    Riker.    •W-r.on.    p.    s.-ifi. 

Fire-proof  Compartments  for  Righ- 
Tension  Oil  Circuit-Breakers-  S  o 
Hayes.  1-4.  W-!iOo.  v,.l.  XII.  p,  76. 
Feb..    '15. 

Automatic     Change-Over     Switches  

H.  E.   Trent.  D-2,   1-2.  W-SOO.     Vol.  XIII, 


p.   233,  May,  '16, 
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Cliang'e-Over  Switches — H.  R.  Meyer. 
On  direct-current  600-1200  and  750-1500 
Volt  ecniipment.  T-2.  D-5.  1-4,  W-ISIO. 
A'ol.   XIII.   p.    479,   Oct.,    '16. 

Discounectingr  S^tches — G.  L.  Christ- 
man.  I-ll.  W-1500.  Vol.  XII,  p.  122, 
Mar.,    '15. 

Direct-Trip  Reverse  Current  Devices 
for  Direct-Current  Circuits  —  H.  E. 
Trent,     c'-l.    l>-4.    1-:;,    \V-134h.      Vol.  XII, 

p.  .3(;h.  .-uiK..  -ir.. 

Magnetic    Blowouts      KX.Xll.     S;i. 

Hand-Operatetl  Railway  Circuit 

Breakers-    K'>I'.  XIA'.   o'Jlt. 

Air  Break  Switch — IJl;.    10S9. 

Series    Contactor — QIl.    11117. 

Carbon  vs.  Oil  Circuit  Breakers — QB, 
11  !!.•!. 

Uncertain   Action — QB.    12S5. 

Transformer   Fuses — QB.    1331. 

Switchinir  Synchronous  Apparatus  — 
QB.    1310, 


Protective 

The  History  of  the  Iiig-htning-  Arrester 
— A.  .1.  Wurts.  D-2,  1-11.  W-BdOO.  p. 
187,  Apr..  '16;  p.  207,  May,  'le;  R.  P. 
Jackson.  D-2.  1-7,  W-1S70.  Vol.  XIII, 
p.  299,  June.  '16. 

Protection  of  Outdoor  Transformer 
Substations  from  Iiigrhtuing-  —  Q.  A. 
Ill-.irk.-tt.  l-,'i.  \V-13Sli.  \'nl,  .\I.  p.  409, 
,Julv.    '14. 

Iiig^htning-  Arresters  for  Electric  Bail- 
way  Equipment — i.J.  A.  Biacliett.  Cir- 
cuit lii.-alM-r.  ]iia?ii.-tir  blnu-out.  multi- 
jKitli.  .in.l  .■..n.l.-nser  X\\k  arrpster.s.  1-7, 
W-32SI1,      \n\.    XI.    p.    247.    May.    '14. 

Charging'  Resistance  -for  Electrolytic 
Iiightning  Arresters — i;.  ('.  1  >ill.  D-S, 
1-2.   W -TMii      ^■.ll.   .\I.   II.   251.   Jiay,    14. 

Protection  from  Iiig'htning'  and  High- 
Voltage  Disturbances — Q.  A.  Brackett. 
I.i-i>-.«.  Station  .•,|uii.iiicnt.  I-ll,  W- 
:.4Kn      V..1.  XI  I,  p.  ::.-:(!.  July.  -15. 

Characteristics  of  Electrolyte  for 
Hfrhf^ing  Arresters — i;.  i '.  Hill.  C-7. 
11-2.  \V-22i;r..      VmI,  XIV.  v.   221;.  June, '17. 

Protection  of  Distributing  Transfor- 
mers—Q.  A.  ]3rackett.  1-3,  ■VV-1460.  Vol. 
X  1 11.  p.   ::ii2,  June.  '16. 

Lightning  Protection — QB,    lOlS.    1287. 

Electrolytic  Arresters — QB.  1053,  1320. 

For  Converters     <.>l'..   1071,   1276. 

Grounding    Arresters  -QB.    1073,    1241. 

Ground    Resistance  - -QB.    1250. 

Choke   Coils    -Ql;.    losl.    13S0. 

For  D.   C.   Circuits — QB.   Ills. 

Location    of-    '.JB,    1188. 

Lightning  Rods — QB.   1260. 

Film  Cutouts  for  Series  Transformers 
— QB,    1541. 

Synchroscopes 
Operation  of — QB,   14  23. 
REGULATION    AND  CONTROL 
Regulators 

Automatic  Voltage  Regulators — C.  A. 
Boddie.  The  new  Tirrill  repulator. 
D-11,  1-3.  W-7436.  Vol.  XIV,  p.  75,  Feb.. 
•17. 

TirriU   Regulator — QB,    14  75. 

Voltage  Regulation  of  the  West  Penn 
System — J.  .s.  JenU.s.  Automatic  induc- 
ti.in  icgulator.^.  1-8,  W-3240.  Vol.  XI. 
p.     311:1.    .lune.    '14. 

Automatically-Controlled  Feeder  Vol- 
tage Regulators — E.  E.  l.ehr  and  I.  O. 
.Minick.       1-4.    P-2.    "R'-1910.       Vol.    XIII, 


Jul> 


Voltage     Regulation     on     Alternating- 
Current      Distribution      Systems — I.      C. 

Minick.  Bv  inrtuctinn  feeder  reaulator. 
('-3,  !i-2.  1-6.  \V-2195.  Vol.  XiV.  p. 
2.i4,    ,Ume.    '17. 

A  480-Point  Testing  Regulator — E.   E. 
Belir.       n-4.    I-l,    W-1450.      V.il.    XIII.    p. 
227.   May.   'lO. 
tt     Automatic     Induction     Regulator — QB. 
1166. 


Tliree-Phase    Regulators — QB,    1244. 
Regulating      Two-Phase      ana      Three- 
Phase — 'IV.,   1507. 


Controllers 

INDUSTRIAL 

The  Evolution  of  Industrial  Coutrol- 
l.-rs— T.  S.  Perkins,  D-1,  1-30,  W-3720. 
\'ul.   XI.   p.    i;95.   Deo.  '14. 

Progress   in   Industrial   Control — F.   D. 

Hallnck.     (E)    AV-USO.      Vol.    XI.    p.    653. 


■14. 


■14. 


p. 


An    Analysis    of    Controller    Diagr>^am 

Construction—H.  L.  Beach.  D-S.  W-1510. 
Viil.  XI.  p.  noe,  Dec.  '14. 

The  Magnet  Switch — E.  A.  Hanff.  De- 
f  ti!.^  i't  ilfsiixn  and  cliai'acteristics.  1-15, 
\V-2n:mi.     Vol.  XI.   p.   656.  Dec.  '14. 

An  Analysis  of  Industrial  Control — A. 
■  ;.  I'oi.cke.  With  respect  to  type  of  oon- 
.■^tiuction  and  characteristics  of  the  mo- 
tois.     T-1.     \V-2450.    Vol. XI. p. 661. Dec. '14. 

Automatic  Starters  and  Controllers — 
\V.  H.  Patterson.  D-5.  1-14.  W-1740. 
Vol.  XT.   p.    669.   Dec.  '14. 

Control  Panels  for  Synchronous  Mo- 
tors—It. L.  Kimber.  Ii-l,  1-7,  W-1450. 
Vol,    XI.    p.    7(11,    Dec.    '14, 

The  Manufacture   of  Electric   Control- 
lers— J.    A.   Blickman.      1-7,   W-1930.  Vol. 
XI.    p.    692.    Dec.   '14. 
Industrial   Controllers 

I— The  Functions  of  a  Controller— II. 
D.  James.  W-I6SO.V0I.  XIV,  p.  34.  Jan.,'17 

H — How  to  Read  Controller  Diagrams 
— H.  D.  James.  Face  plate.  Drum.  Mag- 
netic contactor.  D-7,  1-4,  W-3000,  Vol. 
XIV.   p.    54.   Feb..  '17. 

(E)    A.    H.    Mclntire.   ^¥-430.    p.    41. 

HI — Methods  of  Accelerating  Motors 
— H.  D.  .James.  Counter  e.  m.  f.  Series 
relay.  Sei'ies  lock-out.  Time  element. 
D-4.  I-l,  W-2626.  Vol.  XIV.  p.  102,  Mar., 
•17. 

IV. — Methods  of  Speed  Control  and 
Dj'namic  Braking — H.  D.  James  and  A. 
.•\.  (Jazda.  D.  C.  varying  speed.  D.  C.  ad- 
justable speed.  D.  C.  voltage  control. 
A.  C.  varying  speed.  A.  C.  adjustable 
Sliced.  Dynamic  brakins.  C-5.  D-3.  W- 
30S0.    Vol.    XIV.    p.    150.    Apr..    '17. 

V — D.  C.  Magnetic  Contactor  Control- 
lers— H.  D.  James.  Non-reversing.  Re- 
versing. Field  rheostats  .  Master 
^".•itches.  Low  volta,ge  and  overload  pro- 
tection. D-3.  1-5.  ■W-2S05.  Vol.  XIV,  p. 
194,    May,    '17. 

VI — A.  C.  Controllers — H.  D.  James. 
Wound  secondarv.  Squirrel  cage.  D-fi, 
1-3,   W-2370.  Vol.   XIV.  p.   230.   June,  '17. 

VII — Voltage  Control  of  D.  C.  Motors 
— H.  D.  James.  C-2,  D-2,  1-2,  W-2300. 
Vol.   XIV,    p.   278,    July,    '17. 

VHI  —  Resistors  —  H  D.  .James  and 
H.  C.  Nagel.  T-1,  C-2,  1-4,  W-2200.  Vol. 
XIV.   p.   310.   Aug..   '17. 

IX — Starting  Characteristics  -with 
Different  Methods  of  Control — H.  D. 
James  D.  C.  shunt.  Squirrel  cage.  T-1, 
C-12.  D-1.  ■V\'-2S60.  Vol.  XIV.  p.  349. 
Se-t..    ^17. 

X — Series-Parallel  Control  and  Elec- 
tro-Pneumatic Contactors — H.  D.  James 
and  A.  H,  Candee.  C-3,  1-5,  W-2610.  Vol. 
XIV.    p.    42.S.    Oct..    ^17. 

XI — Control  for  Machinery  of  Low 
Initial  Speed — H.  D.  James  and  R.  T. 
Klntzi-ig.  1-16.  W-2630.  Vol.  XIV.  p.  471. 
X.  V  .    •I 7. 

XH — Electric  Elevators — H.  D.  James. 
I-T.    W-2000.   Vol.    XIV,   p.    512,    Dec.   '17. 

Preventive    Coils — J:x. XIII. 319. 

Automatic  Slip  Regulators — EN. XIII. 
319, 

Flashing  of  Dynamic  Brake — QB, 
11.^9. 

Autostarter — QB,    1513. 


Specific   Applications 

f  Arranged    .Vlphabetically.) 

Control  for  Electrically  Driven  Rub- 
ber Calenders — T.  E.  Simpers.  C-1,  D-3, 
1-4,    W-2070.      Vol.    XI,    p.    686,    Dec,    ^14. 

Magnetic  Controllers  for  Crane  Mo- 
tors—W.  O  Bum.  D-1.  1-7,  W-1600. 
Vol.   XI,    p.    iisi,    Dec.   '14. 

The  Selection  of  Control  for  Portable 
Drilling  Rigs — W.  R.  Johnston.  D-4.  1-4. 
\V-3700.      A  oi.   XI.  p.    720.  Dec.   '14. 

Electric  Elevator  Control  — H.  D. 
James.  D-2.  1-3,  \V-2520.  Vol.  XI.  p. 
677,     Dec,    '14. 

The  Control  of  Industrial  Heating 
Units— Wirt  S.  .Scott.  D-5,  W-1090. 
\'ol.   XIV.    p.    252.    June.   '17. 

Control  for  Mine  Hoists — Graham 
Bright.  The  Ward  Leonard  and  Ilgner 
svstems.  C-2.  D-3.  1-3,  W-3330.  Vol. 
XI.    p.   704.   Dec,  '14. 

Skip  Hoist  Control — .1.  H.  Albrecht. 
For  blast  furnaces.  C-2.  D-1.  1-4,  W- 
960.      Vol,    XI,    p.    664,    Dec.    '14. 

Automatic  Control  for  Laundry  Ma- 
chines— H.  F.  Boe.  Driven  bv  alternat- 
ing-current reversing  motors,  C-1.  D-1. 
1-4.   W-750.     Vol.   XI.   p.    i;!Hi,    Dec,  '14. 

Automatic  Controllers  for  Adjustable- 
Speed,  D.  C.  Paper  Machine  Motors — R. 
T.  Kintzing.  D-1,  1-2,  W-S20.  Vol. 
XI II.   I).    430.   Sept..  •Ifi. 

The  Control  of  Induction  Motors  for 
Rolling  Mill  Drive — Wilfred  Sykes  and 
<:.  I-;.  Stoltz.  Bv  the  autoniatic  slip  reg- 
ulator.     C-9.   D-1,   1-3,   W-3580.     Vol.   XI, 


Dec 


•14. 


Magnetic  Control  for  Steel  Mill  Aux- 
iliary Motors — A.  1;.  Ahrens.  D-1,  1-7, 
W-27III.      \"ol,    XI,   p.    673,    Dec,   '14. 

(i:i    r.r.m    Wilev.      W-450,   p.   655. 

Steel  Mill  Motor  Control — "W.  O.  Lum. 
Automatic  starters.  Contactors.  Re- 
lays. D-3,  1-9,  ■W-2340.  Vol.  XI,  p.  166. 
Mar..   '14. 

RAIL'WAV 

Operation  of  FK  Control  on  the  New 

■Jfork  Railways — Alex.  Mclver.  1-5.  W- 
13511.       \-ol,    XI.    p,     570.    Oct..    '14. 

(I-;)   J:.  W,  .steiiimriich.     W-28n.  p.  502. 

Unit  Switch  Control  on  the  Hew  TTork 
Municipal  Railway — E,  Keller.  D-1,  1-6, 
\V-li)92,      Vol.  XIIJ.   p.   462.  Oct.,   ^16. 

Modem  PK  Control  Etiuipments — I^. 
L.  Mardis.  D-1.  1-4.  W-15S0.  Vol.  XIV. 
p,    436,    Oct.,    '17. 

The  Success  of  Pneumatic  Control — 
Lvnn  O.  Rilev.  I-l,  W-21S0.  Vol.  XIV, 
p.  3s(i,   (")ct.,   ^17. 

IE)   Karl  A.  Simmon.      W-270.      p.  375. 

Recent  Development  in  HL  Control — 
J.   A.  Clarke.   Jr.  D-1.  1-14,  W-1620.    Vol. 

XII.  p.    452.    Oct..   '15. 

Low-Floor  Car  Control — Karl  A.  Sim- 
mon. The  HLD  Contioller,  D-3.  1-4, 
W-765.      V.d.    XIII,    p.    aiir.,    Oct,,    '16. 

Maintenance  of  Controller  Fingers — 
R<iD.    XIV.     p.     289. 

Transition  in  Railway  Control — EN. 
XII.425. 

Rheostats 

Design  of  D.  C.  Accelerating'  Resis- 
tors—L.  J.  Hibbard.  C-2.  D-1,  W-2360. 
Vol.  XIIJ,   p.   508.  Oct..  •le. 

The  Design  and  Application  of  Rheo- 
stats—H.  (\  Xasel.  1-9.  \V-4220.  Vol. 
XI.    p,    714.    Dec.    '14. 

Grid  Resistor  Standardization — H.  H. 
Johnston.      T-2.    C-1.    D-9.    W-2040.      Vol. 

XIII.  p,    482.    Oct..    ■16. 
Light-'Weight    Grid    Resistors — Joseph 

D.  Birrell.  C-1.  I-l.  W-S30.  Vol.  XIII, 
p.    506,    Oct.    'lO, 

The  Mounting  and  Maintenance  of 
Car    Resistors— ROD.    XIII.     592. 

Iron    ■Wire    Rheostat — QB,     1200. 

Liqmd  Rheostats — W.  E.  Thau.  For 
controUin.s-  wound  secondarv  induction 
motors.  C-1,  D-1,  1-3,  W-1610.  Vol.  XI, 
p.    684,    Dec.    '14. 

(E)     Girard  B.  Rosenblatt.  W-3S0,p.655. 

■Water  Rheostat — QB.    1330. 


UTILIZATION 


GENERAL 

Kew     Uses     for     Electricity — Guy     E. 

Tripp.  Liglit  and  power.  Transporta- 
tion. Jlarine  service.  Electro-chemical. 
Hydroelectric  W-1260.  Vol.  XIV,  p. 
211,    June,    '17. 

Electricity  in  the  Home — George  Wil- 
liams. W-300,  Vol.  XII,  p,  229,  June,  '15. 


ELECTROCHEMISTRY 

The  Electric  Furnace  as  a  Central 
Station  Load — Thomas  Robson  Hav. 
C-:;.  1-3.  W-5490.     Vol.  XIV,  p.  132.  Apr,  17. 

(E)    A,    H.   Jlclntire.      W-480.  p.    129. 

The  Regulation  of  Electric  Furnaces 
— Brent  Wilev.  The  Thury  regulator. 
D-1,  1-3,  W-1160.    Vol.  XIV,  p.  13S.  Apr.'17. 


Electric  Furnaces  Commercially  Clas- 
sified—  \V.  E.  Moore.  Arc.  resistance,  in- 
duction furnaces.  W-2S40.  VoL  XIV, 
p.    144.    Apr.,    •17. 

The   Field   of   the   Electric   Furnace — 

C.  B.  Gibson.  Resistance,  induction,  arc 
furnaces.  Fixation  of  atmospheric  ni- 
trogen. I-IO.  ■W-3740.  Vol.  XIV,  p. 
154.  Apr.,  '17. 
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Electric  Furnace  In  manufacture  of 
Steel  Casting's — T.  S.  Quinn.  I-l,  W- 
1440.     Vol.  XIV,   p.   140,  Apr.,  '17. 

Electric  Furnace  Steel — W.  H.  Cogs- 
well. Analysi.s  of  power  costs.  I-l, 
W-1640.     Vol.  XIV,   p.   142,  Apr.,  '17. 

Furnace   Patents — QB,    1448. 

Electric  Furnace  in  Connection  with  a 
Blast   Furnace — QB,    1498. 

LIGHTING 

The  New  Code  of  ^igrhting'  for  Fac- 
tories   and    Other    Work    Places — C.    E. 

Clewell.  T-1,  C-1,  1-2,  W-4350.  Vol. 
XIII.   p.   182,   Apr.,  '16. 

(E)   Chas.  R.  Riker.    W-450,  p.  153. 

Civic  Advertising'  —  Chas.  R.  Rlker. 
(E)   W-370.     Vol.  XIV,   p.   295,  Aug.,  '17. 

Arguments  Ag-alnst  light — Reprinted 
from  1816.  W-250.  Vol.  XI,  p.  96,  Feb., 
■14. 

Illumination 

Protection  of  Industrial  Plants  by 
Flood  lighting^-K.  W.  Mackall.  C-2, 
D-1,  1-17,  W-3640.  Vol.  XIV,  p.  299, 
Aug.,    '17. 

(E)   Chas.   R.   Riker.     W-520.  p.   295. 

Flood  I^ighting  for  Protection — J.  L. 
Stair.  1-12,  W-ISIO.  Vol.  XIV,  p.  296, 
Aug.,   '17. 

Protective  Flood  I>ighting ' —  Samuel 
G.  Hibben.  1-2,  W-1620.  Vol.  XIV,  p. 
305,    Aug..    '17. 

Flood  lighting  "Old  Glory" — EN.XIV, 
326. 

Standardization  in  Industrial  ninm- 
ination — A.  ,r.  Airston.  T-3.  1-4,  W- 
33T0.      Vol.    XI.    p.    347,    June,   '14. 

Tendencies  in  Street  Car  Illumination 
— N.  H.  Callard.  T-2,  C-1,  1-5,  W-2000. 
Vol.  XII,  p.   449,  Oct.,  '15. 

(E)  W.  H.  Rolinson.  W-500,  p.  433. 
INDOOBS 

Watts    vs.    Wallpaper — S.    G.    Hibben. 

The  effect  of  interior  colors  and  finishes 
upon  room  lighting.  T-8,  D-1,  W-2016. 
Vol.  XlII,  p.   329,  .July,   '16. 

(E)    A.  H.   Mclntire.     W-180,   p.   323. 

Xinks  and  Stunts  in  Office  Building 
lighting — Samuel  G.  Hibben.  C-1,  1-4, 
W-1600.      Vol.    XIV,    p.    212,    June,   '17. 

Flood  lighting — QB,    1366. 

STREET 

Electric  Street  lighting  in  New  York 

City— W.  T.  Dempsey.  AVith  particular 
relerence  to  tlip  Borough  of  Manhattan. 
T-1,  I-ll.  W-234L'.Vol.  XIV.  p.  3,  Jan..'17. 

IK)    I 'lias.    l:.    Kil,,.,.      \V-:i30,    p.    :;. 

Some  New  Developments  in  Ornament, 
al  Street-lighting  Fixtures — Gilbert  T. 
Dunklm  T-1,  C-2.  D-1,  1-15,  W-2570. 
Vol.    XIV,    p.    223.    June,    '17. 

(E)    C.   E.    Stephens.      W-230,    p.    207. 

Units 

Street  and  Industrial  lighting  Units 
— G.  W.  Roosa.  T-2,  C-3,  D-2  1-11  W- 
3130.     Vol.  IX,  p.   325,  June,  '14. 

INCANDESCENT    lABCPS. 

large   Incandescent   lighting   Units 

A.  R.  Dennington.  The  nitrogen  filled 
tungsten.  1-4,  W-2330.  Vol.  XI,  p.  306 
June,    '14. 

The  Efficiency  of  the  Incandescent 
lamp — w.  H.  Rolinson.  T-3,  C-4  1-2 
W-2S50.      Vol.  XI,    p.    341,    June,   '14. 

Besults  with  Nitrogen-Filled  lamps 
—Ray  Palmer.  For  street  lighting  in 
Chicago.  T-1,  W-1090.  Vol.  XII  p  2''5 
June.    '15.  "^    —  ' 

Uazda  lighting  Systems — W.  P  Hur- 
ley. Residence  di.«tricts.  Business  streets. 
Systems  C-5.  I-ll,  -^'-4360.  Vol.  XII 
p.    234,    June.    'IS. 

Incandescent    lamp    Developments    — 

ii.!-,::'^'^ii^\T^ne,^ik^-^'^^'-^^««-  ^°'- 

Mazda  C  lamps  in  the  Making A  R 

Dennington.  1-6,  W-3050.  Vol.  XIl'  n' 
2i8,   June.  '15.  *^' 

The  Mazda  C  lamp— W.  A.  McKav. 
I'^  development  .and  use.  1-6.  W-lO.s's. 
A  ol.  XIII,  p.   2;i3.   Junu.   '16. 

Progress  Notes  on  Incandescent  Elec- 
tric   lamps    and    lighting — W     A     Mc- 

XTV^',',"'.-n  '^T  '^'^'^  ^'-1'  W-3770.'  Vol. 
A.1V.   II    j;o,   June.   '17. 

J^tificial     Daylight     Units— QB,    1398. 

Mazda  Blue  Print  Machine — QB    1405 

Incandescent  lamps  for  Movine-  Pic- 
^®  Machines— W.  T.  Elrdsall.  T-l, 
D-2,  W-13V1.  Vol.  XIII,  ,,.  310    June    '16 

^S^^L'^X^'^^"^^    lighting— QB,  1077! 

Mfgr.  of   Carbon  Filament — QB,    1079. 


220-Volt  vs.      110-Volt      lamps — QB, 

1170,    1257. 

Washing  Beflectors — QB,    1431. 

Artificial  Piosting— Q B.    1519. 

ABC    lAMPS 

The  History  of  the  Arc  lamp — F.  Con- 
rad and  W.  A.  Darrah.  C-1.  D-12,  1-49, 
W-I0900.  Vol.  XII,  p.  517,  Nov.,  '15;  p. 
560,  Dec,  '15;  Vol.  XIII,  p.  103,  Feb.,  '16; 
p.   140.   Mar..   '16. 

D.  C.  lamp  on  A.  C. — QB.  1131. 

Begulating   Arc    lamp — QB.    1047. 

Metallic  Flame  Arc — QB,   1220. 

POWER 

General 

load  Building  in  large  Cities — E.  W. 

Lloyd.   W-600.   Vol.  XI,    p.    296.    June,  "14. 

Building  Big  Business  —  Douglass 
Burnett. W-24S0. Vol.    XI,   p.  297,   June,'14. 

The  Central  Station  as  a  Factor  In 
Industrial  Development — R.  S.  Orr.  I-l, 
W-lino.     Vol.    XI 11,    p.    246,    June,    '16. 

Securing  Power  Business — L.  I?.  Per- 
ry.   W-440.    Vol.   XI,   p.    299.   June.   '14. 

Methods  of  load  Building — Gordon 
Weaver.  W-SGO.  Vol.  XI.  p.  300.  June,'14. 

Building  Up  Power  loads — Ross  L. 
Baker.    W-27S0.    Vol.  XIV,  p.  215.  June.'17. 

(E)    Arthur  A.    Urown.      W-700.   p.    205. 

load  Characteristics  of  Some  large 
Central-Station  Customers  —  George  E. 
McKanna.  C-S.  W-SSO.  Vol.  XIV.  p. 
21S.    June.    '17. 

Merchandising  Methods  for  the  Sale 
of  Appliances — T.  I.  Jones.  1-3,  W-340. 
Vol.    XI,    p.    301.    June.   '14. 

Electrical  Appliance  Merchandising — 
Jo.s.-ph  V.  Guiifoyle.  W-1150.  Vol.  XII. 
p.    .''•'^.'•.    Dec,   '15, 

Promoting  Besldentlal  Service — George 
P,  rinnx.  Rat.'  :ui:ily.^is.  T-2.  C-3.  I-l, 
W-2:;(;ii.    -\-,,l.    Xin,    p.    550,    Nov.,   '16. 

A  Perspective  Survey  of  Electricity  In 
Industry-  Chas.  P.  Scott.  C-4.  D-2.  1-4, 
W-3630.     Vol.  XII.  p.   6,  Jjin..  '15. 

New  Opportunities  for  Central  Sta- 
tions —  A.  E.  Rickards.  A  studv  of 
credits,  T-1,  C-1.  W-IOSO.  Vol.  XII,  p. 
10.    Jan..    '15. 

The  Modem  Power  Salesman — C.  N. 
Johnson.      (E)    W-590.     Vol.   XII,    p.    175. 


May 


•15. 


Factors  Governing'  the  Cost  of  Power 
—George  P.  Roux.  W-3260.  Vol.  XII, 
p.   363,   Aug.,  '15. 

The  Marginal  Element  in  Power  Con- 
tracting— E.  n  Dreyfus.  (E)  ^-690. 
Vol.   XTI.   p.    223.   June,   '15. 

Popularizing  Electric  Service — A.  H. 
Mclntire.  (Ei  W-430.  Vol.  XII,  p.  495, 
Nov..   '15. 

Industrial  Electricity — O.  F.  Stroman. 
(E)    W-260.      Vol.    XII.   p.    176,    May.    'IB. 

The  Cost  of  a  Kilowatt-Hour — A.  F 
Strouse.  .A.  discussion  of  fundamentals. 
T-2.  C-3.  'n--4260.Vol.  XI.  p.  444.  Aug  '14 

Making  Power  Investigations  —  B.  H. 
Ulrich.  Instruments.  The  investiga- 
tion. The  report.  T-1.  C-3.  1-4,  W-3580. 
Vol.   XT.    p.    138,   Mar.,    '14. 

Tjrpical  Electric  Power  Plant  Costs — 
M.  C.  McNeil.  500  to  5000  kw  plants 
at  various  load  factors.  T-4,  ^-2180. 
\ol.   XI.    p.    135.    Mar..   '14. 

Turning  the  Wheels  of  Industry  — 
(E)    W-900.     Vol.  XI.   p.    111.   Mar.  '14 

Motor  Drive  in  the  Industrial  Field — 
C.  W.  Drake.  W-ISOO.  Vol.  XI,  p.  112 
Mar..    '14. 

The  Growth  of  the  Central  Station  In- 
dustry—S.     A.     Fletcher.       C-1,     W-1600. 


Vol.   XI,   p.    127,  Mar 

Motors  and  Their  Application 

Electric  Drive  in  Domestic  Engineer- 
ing— Bernard  Lester.  Water  supply. 
Heating.  Lighting.  Refrigeration.  Ven- 
tilation. 1-18,  W-2990.  Vol.  XIV,  p  70 
Feb,   '17.  r         . 

Fractional  Horse-Power  Motors — B. 
Lester.  fE)  W-340.  Vol.  XII,  p.  175 
Mav.    '15. 

Applying  Small  Motors  —  H  F  Boe 
Apnlication.  Types.  I-S,  W-2900.  Vol. 
XIT.    p.    1S2,    May.    '15. 

SPECIFIC   APPIICATIONS 

Automatic  Operation  of  BeU  Hoists 
lor  Blast  Furnaces — E  .■;  Lammers  Jr 
\^iV-  "„o'?''''«''<'"s.  1-3,  W-1910.  'Voi: 
XT\.    p.    n.'i.r    Sept,    '17. 

Electrically-Operated  Boot  and  Shoe 
Factories— C.  N.  Johnson  T-5  1-3  W- 
1850.     Vol.   XI.   p.   160.   Mar      '14 

Economy  in  the  Manufacture'  of  Cane 
Sugar— Wirt  S.  Scott.  By  the  use  of 
electrically-operated  mills.  T-3.  D-2  I- 
30.    W-O60.      Vol.    XII,    n.    12    .ikn      '15 

(B)   H.  F.   Griffith.     W-710,   p    4: 


Motor  Bequirements  in  the  Portland 
Cement  Industry — P.  N.  Harrison.  De- 
scription of  aiiparatus.  Typical  instal- 
lations. 1-12,  T-2,  W-4S40.  Vol.  XI,  p. 
48.    Jan.,    '14. 

Coal-Cutting   Machines — QB.    1295. 

Max.  Demand  of  Coal  Mine — QB.   1504. 

Converter  Aisle  of  the  Washoe  Bednc- 
tion  Works-  AV.  ( '.  Capr"!!.  .Vt  the  Ana- 
conda c.i.p.r  Mining  c.mi.anv.  1-4.  W- 
1620.      Vol.   XITI,   p.   560.   Dec.   '16. 

Motor-Driven  Conveyors — V.  C.  Moul- 
ton.  1-6.  W-I21O.V0I.  XII.  p.  201,  May.'lB. 

A  Central  Station  Analysis  of  Cotton 
Gins — John  Gelzer.  Jr.  Power  require- 
ments. T-4.  C-1.  D-1,  1-6,  W-1870.  Vol. 
XI.  p.  428,  Aug.,  '14. 

(E)    D.    S.    Bowman.      W-400,    p.    420. 

The    Cotton    Industry    of    California — 

C.  D.  LaMoree.  I-l.  W-590,  Vol.  XI,  p. 
436.    .A.ug..    '14. 

The  Situation  Before  the  Cotton  Tex- 
tile Manufacturers — A  E  Rickards 
rower  re.|uir.'ni.-nts.  T-S,  C-3.  1-3.  W- 
2840.      Vol,    Xi.    1..    404.    July.    '14. 

Effect  of  Trolley  Beslstance  on  Crane 
Operation-  (.11 ;.    1117. 

D.  C.  Crane  Motor — iji:.    1430. 

Electric   Power   in    Gold    Dredging — T 

D.  Prier.  In  the  Al.loi-  r.ulih  region. 
T-1.  1-5,  W-2670.  Vol.  XUT.  p  562, 
Dec  .    '16. 

Placer  Mining  with  Bucket  Dredges — 
W.  M.  Hoen.  1-3,  W-1930.  Vol.  XI.  p. 
132.    Mar.,    '14. 

Direct  Traction  Elevator  Equipment 
--A.  Brunt  and  II.  I-.  Keith.  Motor.  Con- 
troller. C-1.  D-1.  1-4.  W-2150.  Vol.  XII. 
p.    195.    Mav.    '15. 

(E)   W.  H.   Patterson.     W-490.   p.   176. 
Two-Speed  A.  C.  Elevator  Motors     W 
H.   Patterson.      1-4.  W-790.      Vol.  XlIl,   p. 
296.    .lune.    '16. 

Mechanically-Operated  Gyrator  Pans 
— E.  E.  Garlits.  C-I.  D-1.  1-6.  W-1390. 
Vol.   XTTT,    p.    314.   June,   '16. 

Ventilation  by  Small  Motor-Driven 
Fans  and  Blowers — Bernard  Lester  T-1 
1-9.  W-147n  Vol.  XI.  p.  351.  June,  'u! 
Improving  Air  Conditions — E.  E.  Gar- 
lits. By  exhaust  and  agitator  fans  and 
ozonizcrs.  T-2.  I-ll,  W-2940.  Vol.  XI, 
p.   331.  June  '14. 

Individual  Motor  Drive  for  Flotation 
Machines  E  Shores.  1-3,  W-13S0.  Vol. 
Xnr.   p.    .^66.   Dec,   '16. 

Electric  Drive  In  Flour  Mills — T  E 
Simpers.  T-1.  1-7,  W-2300.  Vol.  XII, 
p.    504.    Nov..    '1.'-,. 

Flour  Mills-  QB.    1296. 
The  Production  Problem  in  the  Foun- 
dry  and  Macliine    Shop   Industry — .\     R 
Rickards.      T-1].    1-6.    W-2425.      Vol     XI 
P     216.    Apr..    '14. 

Motors    in     Garages      Bernard     Lester 

\-:<.    \\-\2in.      Vol.    XTTT.    p.    57.   Jan..    '16. 

Application     of     Motors     to     Hardlntre 

Mills-    W.    ..\,    liankin       C-1,    I-l,    W-1500. 

Vol.   xr.    p.    3:h;.    j„Iv.   '14. 

(E)  -W.  A.  Thnmas.  W-310.  p.  379. 
Power  Bequlrements  of  Electric  Hoist- 
ing Plants- Wilfred  Svkes.  Hoisting 
speeds.  Acceleration  and  retardation 
with  cylindrical  and  conical  drums.  C-4. 
1-1.  W-3660-  Vol.  XI.  p.  144.  Mar..  '14 
Balanced  Hoisting  Systems — Wilfred 
.-^ykes.  The  use  of  flywheels  with  the 
rigner  and  the  converter  hoisting  sys- 
tems. T-1.  C-2.  D-3.  W-24  35.  Vol.  XI. 
p,    274,   May,   '14. 

The  Granite  Mountain  Hoist — G  B. 
Rosenblatt  and  Wilfred  Svkes.  C-5,  1-4 
W-3570.     Vol.   XTTI.   p.    229.    Mav,   '16. 

Electric  Mine  Hoists     c,raham  Bright 
1-7.  W-'J62i.      V.il.   XTir.  I,    578.  Dec,  '16. 
Special   Hoist     ijI;.    I  I  iM. 
The  Electrical  Equipment  of  the  Wil- 
liam   Penn    Hotel--J.     Irvin     Alexander 
1-12.   W-4:;iii.   A-ol.   XIII,   p.   304,   June,'16. 
IE)    Chas.    li.    Hiker.      W-550.    p.    240. 
Electrical    Installation    of    the    Cleve- 
land   cuffs    Iron    Company — F.    C.    Stan- 
ford.      Requirements    of    motor    service. 
T-1.    C-7.    D-1.    1-2,    W-4320.      Vol.   XI,    p. 
381     July,   '14. 

(E)    W.   A.    Thomas.      W-310,    p.   379. 
Electric  Drive  in  the  laundry — H.  F. 
Boe.       Laundry      machines.       Motor     re- 
quirements.    C-2,  1-4,   W-3470.      Vol.  XI, 
p.    163.   Mar..   '14. 

Purchased  Power  and  the  leather  In- 
dustry—A E.  Rickards.  Analysis  of 
the  industry  and  its  power  requirements. 
C-4.  1-5.  T-6.  W-2S10.  Vol.  XI,  p.  41, 
Jan..    '14, 

Electrically-Operated  lime  Plants — 
J.    E.    Forgy.      I-S.    W-1090.      Vol.    XII,   p. 


Ma 


Purchased  Power  and  Situminons 
Coal  Mining — .A,  E,  Rickards.  Power 
rcpiirements.  Types  of  motors.  I-IO, 
W-3300.      Vol,    XI,    p.    SI,   Feb..   '14. 
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Electricity      in      Metal     Froductlon — 

Girard       B.       Rosenblatt.       (E)      "\V-6S0. 
\'ol.   XIII.  p.  5.59.   Dec.     Ifi. 
Electricity  Applied  to  aietal  Uining — 

W.  N.  Clark.  In  the  Cripple  Creek  gold 
mining  di.strict.  1-5.  W-1S20.  Vol.  XIII, 
p.    SKS.    Dec.    '111. 

Motion      Picture     Machines   —  A.      11. 
Candy.      1-3,   W-35.tii.      V<.1.    XIII.    p.    289, 


Jun 


■Ifi. 


-W. 


Electric  Drillirg  in  the  Oil  Fields- 

R.  Johnston.  Drilling  operations.  Power 
requirements.  T-1.  C-1.  I-ll,  W-40S0. 
Vol.    XI,    p.    172.    Mar.,    '14. 

Purification    by    Ozone — QB,    1065. 

Static  in  Paper  Macliines — QB.  12S2. 

Reversing'  Motor  Planer  Equipment — 
\V.  n.  Xicklas.  D.tails.  Economv  of. 
T-1.    C-2.    !->,.    W-lbn5.      Vol.    XI,    p.    129, 


.Ma 


•14. 


Electrical  Precipitation — R.  W.  Kerns. 
At  the  International  Smelting  Com- 
pany's I'lant.  Miami.  Ariz.  D-1.  1-3, 
W-ls.-.l.      Vol.    Xfll.    p.    576.    Dec.    '16 

Electrical  Precipitation  in  the  Chem- 
ical Industries — A.  F.  Jleston.  I-S,  \V- 
■i26ii.      Vnl.   XIV.   p.   24S,   June.  '17. 

Electric  Drive  for  Small  Printing 
Plants— F.  S.  DellenliauRh.  Jr.  1-5,  W- 
•^0511.      Vol.   Xll.    p.    i;<2.   May.   '15. 

Motors  in  the  Pulp  and  Paper  Indus- 
try— K.  C.  M..rse.  T-1.  !-S.  W-220U,  Vol. 
XI.  p.   1411,   Mar..   -H. 

Pan  Motors  in  Paper  Factory — QB, 
1216. 

Irrigation  by  Pumping'  in  California 
— R.  A.  Balzari.  Improying  aral)le  land; 
Developing  arid  land;  Reclaiming  alkali 
deserts.  I-S,  \V-47S5.  Vol.  XI,  p.  114, 
Mar.,    '14. 

Pole   Pumps — QB.    1144. 

Syn.  Motor  for  Pumps — QB,    1091. 

Electric  Drive  in  Railroad  Repair 
Shops  .1.  H.  Ihvan.  1-7.  \\-1'hiii.  Vol. 
.\II,    p     i:is.    May,    '15. 

Electricity  Applied  to  Mechanical  Re- 
frigeration- 1 :  I>  .McKinney.  T-1,  I-IO, 
\\"-L's:!ii.      V..1.    Xl\',    p.    45S,    Nov.,   '17. 

ll';i   Clias.   l;.    Biker.     "\V-400.   p.   447. 

Fabrication  of  Rubber  Goods — E.  C. 
Baugher.  Processes,  Power  require- 
ments. I-IO,  W-2740.  Vol.  XI.  p.  168, 
Mar..    '14. 

Electric  Drive  for  Sewing  Machines — 
J.  R.  Cook.  1-6,  W-20S0.  Vol.  XIV,  p. 
108.    Mar.,    '17. 

Motor  Driven  Shovels — W.  H.  Patter- 
son. 1-5,  W-SIO.  Vol.  XI,  p.  142,  Mar..'14. 

The  Silk  Industry  in  Northeastern 
Pennsylvania — il.  F.  Smith  and  E.  !>. 
Kvle.  T-5.  C-1.  I-ll.  W-2470.  Vol.  XII. 
p.    402.    Sept.,    '15. 

Electricity  in  Slate  Mining — R.  C.  Ber- 
lin. 1-5.  W-4i:in.  Vol.  XII.  p.  177,  May.'lS 

Central  Station  Service  for  Steel  Mills 
— T.  S,  Herider.^Mii.  T-1.  1-2,  W-14S0. 
Vol.   XII.   1).    -r.l.    .June.   'lo. 

Steel  Mill  Electrification — Brent  Wi- 
ley.  (E)   W-GlO.VoI.  XIII.  p.  515.  Nov., '16 

Electricity  in  the  Steel  Industry — C. 
D.  Kester  and  W.  R.  Runner.  C-2,  1-6. 
W-1743.      Vol.    XIV.    p.    334.    Sept..    '17. 

Speed  Adjustment  of  Alternating-Cur- 
rent MiU  Motors — G.  E.  Stoltz.  By  ro- 
tai-\-  C(in%erler  and  mn'tor-generator 
auxiliaries.  C-5.  D-2,  1-4,  W-6145.  Vol. 
XI,  p.  277.  May.  '14. 

(E)   W.  Sykes.     W-525,  p.  240. 

Tandem  Operation  of  Cold-Roll  Mills 
— E.  S.  Lammers.  Jr.  1-2,  W-SSO.  Vol. 
XIII.  p.  391.   Aug..  '16. 

Reversing  Roll  Motors  in  Steel  Mills 
— W.  R.  Runner.  With  power  from  mo- 
tor senerator  fly-wheel  set.  C-3,  D-2. 
1-7,  W-2900.    Vol.  XIII,  p.   527,  Nov.,  '16. 


Electric    Po'wer    for    Textile     Mills — 

John  S.  Henderson.  Jr.  Comparison  of 
methods  of  power  seneration.  T-1,  C-3, 
1-3.    \V-31Mi.     Vol.    XI.    li.    432.    Aut,'.,    '14. 

lEl     n     S.    I:..\\  )ii:in.       W-lfHi.    p.     420. 

Motor-Operated    Valves -<,! P..    1425. 

Electrically-Operated  'Washing  Ma- 
chines— V.  M.  Peeler.  T-1.  C-1,  1-16. 
W-3ft93.      Vol.   XIV.   p.   233.   June,  '17. 

(E)    Chas.   R.   Riker.     W-500,   p.    207. 

Domestic  'Water  Supply  System — H. 
F.  Boe.  T-3.  C-3.  1-20,  W-4023.  Vol. 
XIV.   p.    15S.   Apr.,  '17. 

(E)    Bernard    Lester.      W-390.    p.    129. 

Electricity  in  'Woodworking — C.  N. 
Johnson.  1-14,  W-2330.  Vol.  XIII,  p. 
284.   June,   "16. 

Veliicjes — 

The  Future  of  the  Motor  Bus — T.  H. 
Schoepf.  (E)  W-440.  ^ol.  XII.  p.  432. 
Oct..    'l.j. 

The  Electric  'Vehicle — J.  M.  Curtin. 
(E)    W-1000.     Vol.   XIII.    p.    3,    Jan.,    '16. 

Electric  Passenger  Cars — Gail  Reed. 
T\'pes  of  construction.  Maintenance 
data.  T-3,  W-4200.  Vol.  XIII,  p.  12, 
Jan.,    '16. 

The  Trackless  Train — G.  W.  BuUey. 
Motor  tractors  for  industrial  service. 
II-2.  1-3.  W-3540.     Vol.  XIII.  p.  21.  Jan. .'16. 

Promoting  the  Sale  of  Electric  Deliv- 
ery 'Wagons — W-1140.  Vol.  XIII,  p.  64, 
Jan.,   '16. 

Gas  Bnr/incs 

(Electrical  Applications  to) 


Jan 


'16. 


Electrical   Equipment  for  Automobiles 

— C.  E.  Wilson.  Startine;  motois  and 
lighting  and  ignition  srenerators.  C-5. 
I)-2.  1-9.  W-lSlO.Vol.  XII.  p.  326,  July,'15 

I^ighting  and  Starting  Systems — D.  G. 
Roos.  From  the  car  manufacturer's 
standpoint.  The  selection  of  voltage,  bat- 
tery, motor  and  generator.  Wiring.  T-2, 
C-10,  W-4120.      Vol.  XIII.  p    4.  Jan..  '16. 

One-TJnit  Starting  and  Iiighting  Auto- 
nobile  Equipmeuts-  -  H.  I'.  T'ati'-n.  C-1. 
W-l'P'ii.      Vnl.    XIII.    p.    11.    .laTi..    •](■,. 

Regulation  of.  Automobile  Iiighting 
Generators — C.  E.  Wilson.  Bucking 
series.  Third  brush.  Mechanical  regu- 
lator.     C-5,    D-7,    W-2340.      Vol.    XIII,    p 


4  5.    Ja 


■16. 


Mechanical  Applications  of  Generators 
and  Motors — W.  .\.  Dick.  Methods  of 
supiioit.  I-IO.  W-1S60.  Vol.  XIII,  p. 
49.    Jan..    '16. 

Control  Switches — B.  D.  Kunkle.  For 
electrical  equipment  of  gas-driven  auto- 
mobiles.     D-2.  W-1790.      Vol.   XIII,   p.  52, 


'16. 


Electnc    Starting    and    Iiighting    Ford 

Cars--\\.  II.  Bum.  C-1.  D-3.  I-IO,  W- 
163(1.     Vol.   XIII.   i>.   r,4.  Jan..  '16. 

Methods  of  Ignition — J.  B.  Dyer.  For 
i-asMi;,,.-  aut,.ni.d.iles.  D-6,  1-13,  W- 
272n.      \-,.l.    XIII.    ],     111.    Jan..   ^16. 

Some  Operating  Features  of  Automo- 
bile Ignition — H.  V.  S.  Taylor.  C-4,  1-2, 
\V-ls:;ii.     \.,\.  XIV.  p.  184,  May,  '17. 

Increasing  Spark — EN,  XIII,  65.  QB, 
13S4. 

Testing    Magneto— QB,    1401. 

Heating  Apparatus 

Electricity  for  Euanieling  or  Japan- 
ning—Wirt  S.  Scott.  T-1.  1-5,  W-1190. 
Vol.    XIII.    p.    312.   June.     16. 

The  Application  of  Electricity  to 
Enameling  and  Japanning — Wirt  S.  Scott. 
D-1.   1-4.  W-2695.   Vol.  XIV,p.l70.May,'17. 


Iiow-Temperature  Electrothermal  Pro- 
cesses— C.  F.  Hir.«hfeld.  With  especial 
reference  to  japanning.  A  study  of  re- 
sults by  phot.imierographs.  1-5,  W- 
:i720.      Vol.    XIV,   p.    239,   June.   ^17. 

The  Control  of  Industrial  Heating 
Units — Wirt  S.  Scott.  D-5,  W-1090.  Vol. 
XIV.   p.    252.   .lune.   '17. 

Heat  Calculations  for  Baking  and 
Drying  Ovens — W.  S.  Scott.  1-2.  W- 
1S70.      Vol.   XIV.   p.    456.   Nov..   '17. 

Immersion  Heaters  for  Iiiquids  or 
Semi-Iiiquids — E.  P.  (.'ariniiter.  'I'-l.  D-1. 
I-,s.    \V-i73r..      Vol.    XI.    p,    358.    June.    '14. 

The  Energy  Required  for  Heating 
Buildings- W.  O.  I'eale.  T-3,  1-2,  W- 
1235.      V<d.   XI.   p,   345.   June.  '14. 

The  Electrically  Heated  Iiinotype  Pot 
— H.  M.  Wicker.  D-1.  1-4,  W-1200.  Vol. 
XI.   p.    336.   .lune.  '14. 

Electric  Ranges — H.  C.  Hopkins.  T-1, 
1-5.    \V-930.      Vol.   XIII.   p.   316.   June.   '16. 

Temperature  of  Heater — QB.  1036 

Current  to  Anneal  Copper — QB.    1070. 

Rewinding     iji;,    llSfi. 
•     For   Air   Cylinder— QP..    1409. 

Pipe   Thawing — QU.    1411. 

Efficiency  of  Heaters — QB.    1432. 

■WELDING 

Applications   of  Electric  Arc  'Welding 

"     '     Zuck.      1-7.    W-2460.      Vol.   XI,    p. 


Jan 


■14. 


Ai'c    Welding— QB.    1104. 

Arc  ■Welding  Brass — QB.    1348. 

Equipment    for    Electric    Arc    ■Welding 

—  K,  S  Zu.l;.  T-1.  D-1.  1-5,  \V-3550. 
Vol.    XI.    p.    565.    Oct..    '14. 

Electropercussive  'W  e  1  d  1  n  g — C.  E. 
Skinner  and  L.  W.  Chubb.  A  special 
process  for  aluminum  and  for  dissim- 
ilar )iutals.  C-1,  D-2,  1-9,  W-2990.  Vol. 
XI.    p      'Mil,     X.iv..    '14. 

Electropercussive    ■Welding — QB,    1175. 

Spot  Welding-  Q P.    1204. 

Arc  for  Cutting  Metal — QB,  1277. 

Service    to — QB,    14  46. 


Magnets 

Shading  Coils  for  Single-Phase  Mag- 
nets I;,  T  Kintzing.  li-2,  W-010.  Vol. 
XII.   |i     1117,   S.-iH.,   '15. 

Design   of     tjB.    1021. 

Impregnation — QP.    1100. 

Capacitance  to  Absorb  Spark  —  QB, 
1124. 

Shunting   Contact  Points — QB,    1222. 

Magnet   Operation — QP.    1329. 

A.   C.   Solenoids — QB.    1351. 

Magnet   Brake — QB.    1355. 

lion  and  Steel  'Wires — QB.   14 SI. 

INTELLIGENCE  TRANSMISSION 

Recent  Improvements  in  Radio  Com- 
munication -.\.  F.  Van  Dvck.  D-9.  W- 
4440.     Vol.  XIII,  p.  355,  July,  '16. 

The  Grant  Telephone  Exchange, 
Pittsburgh- P,  K.  Singer.  T-1,  C-2,  D-1. 
I-lO.   \X-S?,-,i\.    \.-A.   XI  I  I.    p,    516.    Nov.,   '16. 

(P)    I'lKis     P,    Kilv..]'       \V-2:io.   p.    515. 

Neutralizing  Transformers  and  Their 
Use  in  Telephone  Circuits — Thomas 
Sh<aw.  For  reducing  voltages  induced 
liy  adjacent  power  circuits.  D-3,  1-4, 
W-5630.      Vol.  XI.  p.   622.   Nov.,   '14. 

(E)    Chas.    F.    Scott.      W-1350.   p.    610. 

The  Protection  of  Telephone  Circuits 
— W.  A.  Darrah.  D-5,  I-S.  \\'-3150.  Vol. 
XI.   p.   631.   Nov..   '14. 

(El    'F.   B.  Jewett.     W-620.   p.   611. 

Submarine    Cables — QB,    1406. 


RAILWAY    ENGINEERING 

(SEE    ALSO    CONTROLLERS,    P.    9;    A".TD    SERIES    MOTORS    PP.    5    AND    7) 


GENERAL 

Developments   in  Electrification — F.  H. 

Shepard,        (E)      W-550.       Vol.     XIII,     p. 
111.    Mar..    '16. 

The  Prospect  of  Railroad  Electrifica- 
tion— F.  H.   Shepard.      (E)    W-1200.     Vol. 

XIII.  p.    438,   Oct..    '16. 

The  Further  Prospect  of  Railroad 
Electrification — F.  H.  Shepard.  I-l,  W- 
1250.      Vol.  XIV.   ]>.    379.  Oct.,   '17. 

(E)    E.   M.   Herr.      W-3S0.   p.   371. 

Face  to  Face  with  Some  Hard  Facts — 
Calvert  Townlev.  Railway  finance  and 
rate  questions.  W-1940.  Vol.  XIV,  p. 
376.    Oct.,    '17. 

(E)   T.  P.  Gaylord.      W-330.  p.   371. 

The  Renaissance  of  the  Street  Rail- 
way— W.    S.    Rugg.      I-l,    W-104U.      Vol. 

XIV,  p.    37S,    Oct.,   '17. 


The  Possibilities  of  Electric  Motive 
Power — W.  R.  Stinemetz.  (E)  W-570. 
Vol.    XIV,    p,    373.    Oct..    '17. 

Fair  Treatment  for  Electric  Rail'ways 
-W^an  Horn  Ely.  (E)  W-630.  Vol.  XIV, 
p.    371.    Oct.,    '17. 

Electrification  the  Solution  of  Con- 
gested Railway  Service — G.  M.  Eaton. 
IE)    W-670.      Vol.   XIII.   p.    440.   Oct.,   '16. 

The  Electrification  of  Transportation 
Lines — N.  W.  Storer.  Tunnels.  Ter- 
minals, Mountain  grade.  A^'ate^  power. 
■W-USO,      Vol.   XIII.    p.    120,    Mar.,   '16. 

Unevaluated  Factors  in  Electrified 
Railroad  Operation — Q,  W.  Hershev.  W- 
27IIII.     A'ol,   XIII.   p.    131,   Mar..   '16 

Direct  Current  for  Terminal  and 
Trunk  Line  Electrification  —  N.  W. 
Storer.  C-6.  'D-S,  W-6220,  Vol.  XIII,  p. 
214.    May.    '16. 

tE;  W-440,  p.   199, 


The    First   5000-Volt   D.    C.    Railway — 

.\  \V  storer.  Equipment  I  ipf  ration.  D-2, 
1-9.    W-224II.      Vol.    Xll.    p.    445.    net..    '15. 

Purchased  Power  for  Electric  Rail- 
ways—  Wm.  C.  I.,  P,lglin.  Economic  ad- 
vantage. Reliability  of  service.  I-l, 
W-1320.      V.d.   XI,   p.    504,    Oct..   '14. 

The  Solution  of  a  City's  Transit  Prob- 
lem—  .A..  Merritt  Tavlor.  Traffic  Condi- 
tions in  Philadelphia.  T-24.  C-5,  1-21, 
W-17340.     Vol.  XI,   p.   514.  Oct.,  '14. 

IE)   John  J.  Gibson.     W-320.  p.  501. 

Recent  Developments  in  Railway  Mo- 
tor Gearing— W.  L.  Allen.  T-2.  I-IO,  W- 
2420,      \'..I.    XI.    p.    544.    Oct..    '14. 

The  Jitney  Situation — C.  .S,  Cook.  (E) 
W-:i,-n        \-m1.    XII,    p,    431.    Oct..    '15. 

Railway  Apparatus  at  the  Panama 
Pacific  Exposition — .M.  C.  Turpin.  I-IO, 
W-2350.      Vol.   XII,   p.    477,   Oct.,   'Is, 
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•What    is    Percent   Grade — EN.XIV.124. 
Compensated     Grades — EN.XIII,360. 
Elevation  of  Outer  Bail — QB,  121S. 
Tractive   Effort — QB,    1307. 


SYSTEMS 
Direct  Current 

The  Pittsburgh,  Harmony,  Butler  & 
New  Castle  Railway— r,.  T  Twyford. 
1-7.   W-1620.     Vol.   XI,  p.  504.   Oct..  ■14.^ 

The  San  Francisco  Municipal  Bail- 
Ways— Paul  J.  Ost.  1-7.  W-1250.  Vol. 
XII.    p.    440.   Oct..    '15. 

The  Visalia  Electric  Bailroad — u  .  f. 
L'Hommedieu.  I-C  W-2l'40.  Vol.  XI,  p. 
5S7,    Oct..    '14. 

The  Waterloo,  Cedar  Palls  &  Northern 
Railway^W.  1 1.  i:rook.s.  I-l.  W-1770. 
Vol.  XI.  p    -''J^-  Oct..  '14. 

Preig-ht  Haulagre  on  the  Cedar  Valley 
Boad— A.  i;.  Cole.  C-1.  1-14.  W-3S(0. 
Vol.   XIV.    p.    420.   Oct.,    '17. 

Electric  Railway  Development  in 
TTtah — W.  R.  Arinstiong.  The  Utah 
Lieht  &  Traction  Company.  The  Ogden. 
Logan  &  Idaho  Railway  Company,  The 
.Salt  Lake  &  Ogden  Railway  Company, 
The  Kmigration  Canyon  Railroad  Com- 
pany and  The  Salt  Lake  &  Utah  Rail- 
Toad  Company.  1-7,  W-3490.  Vol.  XII. 
p.    435.   Oct.,   '15. 

5000  'Volt  Direct-Current  Railway — ■ 
Norman  W.  Stnrei-.  IK)  W-S40.  Vol. 
xni.   p.   441.  Oct..  'IC. 

The  New  York  System  of  Rapid  Tran- 
sit— Lvnn  G.  Riley.  .Standardized  car 
equipment.s.  .D-1.  1-5.  W-2500..  Vol. 
XTTl.   p.   465.  Oct..  '16. 


Three   Phase 

Tripling  the  Capacity  of  the  Italian 
C'cvi  Iilne  by  Electrification — L.  Ponte- 
corvo  T-3.  C-1.  1-20,  W-6S40.  Vol.  XI, 
p.    550.    Oct..    '14. 

Three-phase  Passenger  locomotives 
— G  Pontecorvo.  The  new  -equipment  of 
the  Italian  State  Railway.  T-2,  D-3,  1-6, 
W-1620.      Vol.   XII,   p.   61.   Feb.,  '15. 

(K)   W.   R.   Stlnemetz.   W-aSO,   p.    49. 


Single   Phase 


The  Operation  of  the  Single-Phase 
Equipment  of  the  N.  Y.,  W.  &  B.  Ry.  Co. 

— R  R  Potter.  Ser\"!ce  records  for 
1913.  T-7.  1-7  W-3000.  Vol.  XI.  p.  241, 
May.    '14. 

Change-over  to  aoooo-'Volt  Distribu- 
tion on  the  New  Haven — William  Ar- 
thur. D-12  I-l.  W-4060.  Vol.  XI.  p. 
253.    May,    '14. 

(K>    oiias.    F.    .Scott.     W-620.   p.    239. 
The   Electrified   Hoosac   Tunnel — L.    C. 
Winship.      (  ]|i.i:itiiiK    features.      C-1,    1-4. 
V\--4nsil.       \'nl      XI,    V.    500.    Oct..    '14. 

The  Pacific  Electric  Railway  System 
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The    Use    of    Autotransformers    on 

Grounded    Neutral    Systems 

XIII:     Nov.,  549 

WORKER.   JOSEPH   G. 

The   Relation   of   Stokers  to   Smoke 

Abatement XIII:    Oct.,   4.3 

WORTMAN,    O.  „,„„ 

Comparison  of  600,  1200  and  2400- 

volt    D-C    Railway    Switchboard 

Practice XII:     Oct.,  455 

An   Interesting.  1500-volt   Converter 

Substation...., XII:     Oct.,  482 

WURTS,   A.   J. 

The    History    of    the    LightningAr- 

rester XIII:   Apr.,    187;   May,  209 

WURTS,   T.    C. 

Operation  of  the  N.  &  W.  Electric 

Locomotives XII :    Oct.,  473 

An  Outsider's  Impressions  of  the 
Norfolk     &     Western     Electrica- 

tion XIII:    Mar.,   127 

WYNNE.  F.  E. 

The     Selection     of    Correct    Car 

Equipment XI :     Oct.,  578 

The     Selection    of    Car    Equipment 

(E) XII:    Feb.,     49 

Operating     Results     on     the     New 

Haven    (E) XII :  Oct.,  433 

Locomotive   Weights.  .  .XIII :    Mar.,  129 
Comparison   of   Steam    and   Electric 

Locomotive    Performance 

XIV:     Oct.,  383 

YARDLEY',  J.   L.   McK. 

Synchronous  Booster  Rotary  Con- 
verters  XI :     May,  26  i 

High  Speed  Rotary  Converters.... 
XI :    Oct.,   562 

YOUNG,  F.  W. 

Quantity   Production'  of  Automobile 
Electrical  Accessories,  XII:  July,  314 
ZUCK,  B.  S.  .       . 

Some   Applications  of   Electric  Arc 

Welding XI :    Jan.,     3i 

Equipment   for   Arc  Welding 

XI:    Oct.,  565 
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